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Preface

Upcycling is a design, business and social practice that deals with waste and transforms it into new products or materials of higher quality and/or value than the compositional elements. Upcycling reduces solid wastes, increases resource/material efficiency, and lowers industrial energy consumption involved in mass production with virgin materials. Therefore, it contributes to the reduction of greenhouse gas emissions, thus transitioning towards net zero. It creates new job opportunities for businesses and contributes to people’s financial and emotional/psychological well-being in households. Despite the benefits, upcycling remains a niche practice, calling for scaling up – making it a mainstream or business-as-usual practice – in order to realise the full potential of upcycling. Whereas the recent increase in publications, initiatives, and upcycling businesses reflects growing academic and industrial interest, research is still in its infancy. Development of upcycling theory and practice across industries, disciplines and countries is required for growth.

This book presents the key findings of the International Upcycling Research Network (IURN) at the forefront of global upcycling research, practice, and opinion. The aim of the IURN was to expand our understanding of current upcycling research and practice across industries, disciplines, and countries and to develop new cross-industry, multidisciplinary, international collaborative research projects and initiatives. IURN is funded by UKRI (UK Research and Innovation) and AHRC (Arts and Humanities Research Council) between 2022 and 2024. The network included over 70 global experts (both academics and practitioners) in upcycling and related fields such as circular economy, renewable energy and sustainable design, engineering and businesses. These experts, with their wealth of knowledge and experience, have contributed chapters that present diverse theoretical and empirical upcycling research and practices in fashion and textiles, products, the built environment, and the community.

The book offers new theories, perspectives, approaches, and scientific research findings related to upcycling. It presents the best upcycling practices across industries and countries with ample images, illustrations, diagrams, graphs, and tables. The contributors propose a sustainable alternative to conventional manufacturing and consumption patterns, contributing to a more circular economy and a greener future. Importantly, these contributions come from six continents: Africa, Asia, Australia, Europe and North and South America and fifteen countries: Australia, Botswana, Brazil, Canada, Colombia, Hong Kong, India, Italy, Kenya, South Korea, Sweden, Tanzania, UK, USA, and Zimbabwe, reflecting a wide variety of current upcycling research, practices, and opinions in different geographical, economic, socio-cultural, and technological contexts at the international level. The main benefit of reading this book is to be informed by the latest upcycling research, practice, ideas and concepts on upcycling by global experts, fostering a sense of global community and shared purpose.





Foreword

In an era marked by urgent environmental challenges and the pressing need for sustainable solutions, ‘Upcycling Research: Global Perspectives on Product, Fashion and Theory’ emerges as a timely and crucial contribution to the field of sustainability and circular economy.

This comprehensive volume brings together a rich tapestry of research, case studies and insights from across the globe, offering a multifaceted exploration of upcycling practices and their potential to reshape our approach to design, production and consumption. What sets this book apart is not only its global perspective but also the diverse backgrounds of its contributors. Hailing from academia, industry and non-profit organizations, these experts offer unique insights into the practical applications of upcycling, backed by rigorous research and real-world case studies.

The book spans a diverse range of industries and applications, demonstrating the versatility and far-reaching impact of upcycling principles. In the realm of fashion, we explore how designers are turning waste into wearable art, challenging the ‘fast fashion’ paradigm and promoting a more circular approach to clothing production. The product design sections delve into innovative ways of creating functional and aesthetically pleasing items from materials that would otherwise end up in landfill. In examining the built environment, the book showcases how architects, engineers and urban planners are integrating upcycled materials into sustainable building practices, contributing to more resilient and eco-friendly cities.

By featuring studies and initiatives from countries as diverse as Kenya, Colombia, Hong Kong, Thailand, Brazil, Zimbabwe and Botswana, alongside examples from the UK and other developed nations, it provides a nuanced understanding of how upcycling can be adapted and implemented in various cultural and economic contexts. This global outlook is particularly valuable as we seek solutions that can be scaled and replicated across different regions to address our shared environmental challenges.

The book doesn’t shy away from the complexities and challenges of implementing upcycling practices. It delves into the technical, economic, and social aspects of upcycling, offering critical insights into both the opportunities and obstacles faced by practitioners, businesses, and educators. By examining these challenges head on, the book provides a realistic and practical guide for those looking to integrate upcycling into their work or studies.

Perhaps most importantly, this book goes beyond the material aspects of upcycling to explore its potential for social impact. The concept of ‘social upcycling’ – applying upcycling principles to empower marginalised individuals and communities – is a particularly innovative and thought-provoking contribution that expands our understanding of what upcycling can achieve.

As educators, researchers, designers, and policymakers grapple with the urgent need to transition to more sustainable and circular economic models, this book serves as an invaluable resource. It not only provides a comprehensive overview of current upcycling practices and research but also points the way forward, identifying areas for future investigation and development.

Most importantly this book is more than just a collection of studies – it’s a call to action. It challenges us to rethink our relationship with materials, waste and design and offers practical pathways for creating a more sustainable and equitable future. Whether you’re a student, practitioner, researcher, or simply someone interested in sustainable solutions, this book offers insights and inspiration for re-imagining our world through the lens of upcycling.

As you explore these pages, prepare to be challenged, inspired and equipped with the knowledge to contribute to this vital field. The future of our planet depends on our ability to innovate and implement sustainable practices – and upcycling, as this book compellingly argues – has a crucial role to play in that future.

I hope that this book inspires and informs researchers, practitioners, and anyone interested in sustainable development. The diverse perspectives and case studies presented here demonstrate that upcycling is more than just a trend – it is a vital strategy for addressing some of the most pressing issues of our time. As we face the challenges of the twenty-first century, let us embrace the principles of upcycling and discover the rich tapestry of ideas, research, and creativity that contribute to shaping and building a more sustainable and responsible future.

Professor Tracy Bhamra

Provost and Pro-Vice-Chancellor (Global)

Royal Holloway, University of London
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Introduction

Upcycling Research with Global Perspectives on Fashion, Products, the Built Environment, Community and Education

Kyungeun Sung and Richie Moalosi

Upcycling is a design, business and social practice that deals with waste to transform it into new products, artefacts or materials of higher quality and/or value than its compositional elements (Sung, 2015; 2017). It is an umbrella concept that encompasses a number of core circular economy practices (Stahel, 2016), such as creative and innovative forms of reuse, repair, refurbishment, remanufacturing, redesign and remake. Upcycling reduces solid wastes, increases resource or material efficiency and lowers industrial energy consumption involved in mass production with virgin materials. It contributes to the reduction of greenhouse gas emissions, thus transitioning towards net zero (Sung, 2024; 2017). It creates new job opportunities for businesses, especially involving disadvantaged groups of people. It contributes to people’s financial well-being by helping them to save and make money, as well as to their emotional/psychological well-being, creativity and sense of achievement in households (Singh et al., 2019; Sung, Cooper & Kettley, 2014). Despite the benefits, upcycling remains largely a niche practice. Scaling up upcycling (i.e., making it a mainstream or business-as-usual practice) (Hartmann & Linn, 2008) could realize its full potential. Whereas the recent increase in publications, initiatives and upcycling businesses reflects growing academic and industrial interest, research is still in its infancy. Development of upcycling theory and practice across industries, disciplines and countries is required for growth (Sung, Singh & Bridgens, 2021).

Recognizing the knowledge gap, the International Upcycling Research Network (IURN), funded by UKRI (UK Research and Innovation) AHRC (Arts and Humanities Research Council), aimed to increase our understanding of current upcycling research and practice across industries, disciplines, and countries and to develop new cross-industry, multidisciplinary, international collaborative research projects and initiatives. The IURN project was led by Dr Kyungeun Sung (Principal Investigator) at De Montfort University (DMU) and Prof Richie Moalosi (Co-Investigator) at the University of Botswana (UB) between 2022 and 2024 (Moalosi & Sung, 2022). The network included over 70 global experts (both academics and practitioners) in upcycling and related fields such as circular economy, renewable energy and sustainable design, engineering and businesses. The culmination of the IURN project was the International Upcycling Festival (IUF) 2024, where some of the world’s experts contributed academic papers presenting diverse theoretical and empirical upcycling research and practice in fashion and textiles, products, the built environment, community, and education. This book is the IUF2024 Proceedings, which contains the key findings of the IURN at the forefront of global upcycling research, practice, and opinion.

Rationale
In an era defined by environmental catastrophe, resource scarcity and a growing consciousness of sustainability, upcycling has emerged as a transformative practice that bridges creativity, innovation, and ecological responsibility. The book Upcycling Research: Global Perspectives on Product, Fashion and Theory explores the dynamic field through a multifaceted lens, offering a comprehensive examination of upcycling as a global phenomenon. This book offers a critical exploration of how upcycling is reshaping industries, cultures, and theoretical frameworks globally.

The rationale for this book is anchored on three key pillars:


	I. The imperativeness of sustainable practices: As the globe grapples with the ramifications of overconsumption and waste, upcycling presents a promising solution to reduce environmental impact. This book highlights upcycling prospects to disrupt traditional linear economies and foster circular systems. It aligns with the principles of the circular economy, as articulated by the Ellen MacArthur Foundation (2015), emphasizing the need to design waste out of systems and regenerate natural ecosystems. By presenting research and case studies from diverse continents, the book underscores the global relevance of upcycling in addressing sustainability challenges.

	II. Cultural and theoretical facets: Upcycling offers practical solutions to challenges, and it is a cultural and theoretical movement that challenges traditional notions of value, waste and creativity. The book draws on frameworks developed by McDonough and Braungart’s (2002) ‘cradle-to-cradle’ design and Fletcher’s (2014) ‘slow fashion’. It explores the philosophical and theoretical underpinnings of upcycling, examining how it intersects with concepts such as post-consumerism, the use of less of the world’s dwindling resources, and the appreciation of the world’s natural and built environments. It also investigates how upcycling practices vary across regional cultures, reflecting local traditions, materials, and aesthetics, thereby offering a rich tapestry of global perspectives. By weaving together theoretical insights and cultural narratives, this book offers a rich, interdisciplinary understanding of upcycling as a global phenomenon.

	III. Innovation and future directions: Upcycling provides a rich environment for innovation, blending traditional craftsmanship with cutting-edge technology. Nonetheless, challenges remain in scaling upcycling practices and integrating them into mainstream supply chains. This book addresses these challenges by showcasing pioneering research and emerging trends from small-scale artisanal practices and scalable businesses that can be replicated. This visionary book aims to inspire designers, researchers, and policymakers to push the boundaries of what upcycling can achieve.



Upcycling Research: Global Perspectives on Product, Fashion and Theory is a timely and vital contribution to the fields of sustainability, engineering, design, business and cultural studies. It offers a multidisciplinary view of upcycling, weaving together practical applications, theoretical insights, and global narratives to provide a deeper understanding of its importance in the twenty-first century. This book is a call to reimagine our relationship with materials, waste, innovation and creativity, urging readers to see the potential in what is often discarded and to envision a more sustainable and equitable future.

Five themes
Five themes emerged from the contributions, which form the five parts of this book: (i) Fashion and textiles (ii) Engineering and the built environment (iii) Design and business (iv) People and community and (v) Design education. Although the main benefit of upcycling is considered to be environmental, some chapters in this book show social impact is often the main benefit (e.g., Chapters 4 and 15).

Part I, Fashion and Textiles, is opened by Yufei Hu, Pammi Sinha and Eunsuk Hur who looked at emotional design for fashion upcycling – more specifically, how design research could help fashion upcycling practitioners meet consumers’ emotional need for upcycled fashion. They conducted a systematic literature review and identified five factors that contribute to a consumer’s emotional experience: aesthetics, wearability, the memories evoked in the wearer, the wearer’s positive perception of look and feel and cultural elements. In Chapter 2, Sophia N. Njeru and Richie Moalosi introduce Kenyan fashion designers’ knowledge, attitude and practice of upcycling. They studied eight Kenyan fashion SMEs and identified valuable lessons for designing interventions that could support fashion designers in a paradigm shift towards upcycling for socio-cultural, economic and environmental benefits. Chapter 3 by Chanjuan Chen and Trina Harlow demonstrates the use of stitching and upcycling to transform the experiences of refugee children into empowerment. Their art-based research showed that upcycling could not only use waste materials for environmental benefit but can also be used as a medium for powerful storytelling and calls to action and empowerment, focusing particularly on marginalized populations (in this case, refugee camp children). In Chapter 4, Edlight Mutungwe, Walter Chipambwa and Lucia Sithole explored upcycling fashion practices in Harare (the capital of Zimbabwe) to understand the critical motivations for fashion upcycling in a developing economic context. They studied fashion experts from bespoke fashion retailers and the garment manufacturing industry and found that there is a need to raise consumer awareness and to improve the skills of fashion designers (e.g., adopting technologies to support the development and marketing of upcycled products). In the final chapter of this part (Chapter 5), Pranoti Sonawane, Lovish Bandwal and Yagnesh Gohil present FABIO, an innovative service that engages stakeholders and fosters a collaborative community, envisioning a future where jeans are treasured possessions that are continuously regenerated through creative upcycling. They show the key results, such as encouraging customer participation in the upcycling process, providing tailored support and DIY options, and incorporating Agraloop technology (i.e., refining natural fibres derived from crops into textile-grade fibres called Agraloop BioFibre) to transform used jeans into biodegradable fabric.

In Part II, Engineering and the Built Environment, Abhishek Tiwary and Dazel Empe provide an engineering management perspective on upcycling carbon-fibre reinforced polymer (CFRP) matrix composites in Chapter 6. They carried out a PESTEL-SWOT analysis (based on political, economic, social, technological, environmental, and legal elements, as well as strengths, weaknesses, opportunities and threats) to identify the key underlying factors. They recommended balancing the role of recycling and upcycling techniques through a clear product development system, with due foresight to consider end-of-life at the design and manufacturing stage, as well as creating a market demand for the upcycled products. In the following chapter (Chapter 7), Kyungeun Sung, Yi Zhong and Patrick Isherwood present the literature review on circular economy solutions for solar photovoltaic (PV) panels and make recommendations for future research for UK academics. Future research should prioritize understanding the current status quo of the PV value chain in the UK, benchmarking the best practices for potential replication in the UK, and developing ready-to-deploy pathways with reproducible processes and supply chain systems with a usable classification and recertification system for PV module waste. In Chapter 8, Nnyaladzi Tema and Benjamin Bolaane explore the possible integration of upcycling into urban infrastructure and the built environment. They argue that upcycling has the potential to create resilient, sustainable urban environments that support environmental integrity, social equity and economic viability, particularly by promoting community engagement. In Chapter 9, Claudia García Flórez introduces a case study of sustainable practices of a Colombian coffee farm. She assessed three coffee by-products (pulp, parchment, and ground coffee waste) in Guaduas, Cundinamarca (a region of Colombia that has recently experienced a surge in coffee plantations). She confirmed the potential of coffee waste upcycling as a promising way to effectively address the complexities of waste management while simultaneously extracting valuable resources from residual coffee by-products.

In Part III, Design and Business, Patrick Pearce, Martin Racine, Isabel Ordóñez and Alice Jarry talk about scaling up upcycling in relation to furniture and object upcycling in Chapter 10. They offer a comparative analysis of 20 upcycled objects to contribute to an understanding of scaling up upcycling at an operational level, focusing on operational scalability and business viability. In Chapter 11, Kyungeun Sung, Amal Abuzeinab and Richie Moalosi unravel vital challenges and critical success factors for scaling up upcycling businesses across industries and countries using Interpretive Structural Modelling (ISM). The findings indicate the necessity of engaging the public in upcycling campaigns, events and initiatives with the objective of increasing awareness and addressing negative perceptions of upcycled products. Furthermore, the findings emphasize the importance of facilitating access to used or waste materials and of addressing labour-intensive processes and inadequate facilities or equipment using appropriate technologies, techniques, and innovative production methods. Chapter 12, by Kevin Cheung and Kyungeun Sung, is about upcycling practice in Hong Kong. The chapter presents several exemplary upcycling products created, and projects organized by Kevin, from Boombottle (waste medicine bottles transformed into portable speakers) to community workshops and installation arts and exhibitions. In Chapter 13, Luca Alessandrini, Valentina Rognoli and Karen Marie Hasling propose a new framework for upcycling organic waste for materials design. The framework is expected to serve as a tool for visualizing a wide range of data, including the types of organic waste, their origins and the processes for creating new circular materials.

In Part IV, People and Community, Joon Sang Baek and Kyungeun Sung introduce a rather controversial topic, the upcycling of throw-away people, in Chapter 14. They argue that upcycling can be applied to human resources to promote the inclusion and added value of economically inactive people. Their comparison between upcycling design and empowerment design shows the potential of design thinking to create environmental and social benefits by revaluing underused products and individuals alike. Chapter 15, by Montida Lertnimanoradee, Busayawan Lam and Eujin Pei, explores successful cases of community participation in waste management and upcycling in Thailand. They reported on four case studies and seven lessons learned from the case studies, highlighting the benefits of participating in community-led waste management. In Chapter 16, Hamilton Ortiz presents the best local reuse action practice in São Paulo, Brazil, called Sucata Quântica, which reuses objects and materials and acts as an educational, eco-design and eco-fabrication movement. Hamilton, as the founder of Sucata Quântica, describes the evolution of the initiative since 2018 – how it has been a driving force behind many upcycling interventions in São Paulo and is continuously working to establish and integrate pilot reuse facilities. In Chapter 17, Walter Chipambwa, Edlight Mutungwe and Chipo Chuma describe their action research on community empowerment through upcycling pre-consumer textile waste. They worked with women in the Musoromuchena community (in Zimbabwe) to upcycle used fabric waste and offcuts to design and make items such as bags, blankets, bed covers and mats. Their project demonstrated that community upcycling of pre-consumer textile waste is a great way to reduce waste, create new products, and save and make money for those involved.

In Part V, Design Education, Richie Moalosi, Polokano Sekonopo, Yaone Rapitsenyane and Paulson Letsholo describe their efforts to incorporate upcycling into the industrial design programme at UB in Chapter 18. Their case study revealed the transformative potential of integrating upcycling into the curriculum, fostering a generation of designers capable of envisioning innovative and environmentally responsible solutions. In Chapter 19, Kyungeun Sung, Joseph Shade, Thomas Wylam, Tony Lorance, Mik Pieniazek and Abhishek Tiwary explain their student design and innovation project on new product development for upcycling and circular economy focusing on everyday electronic products at DMU. The documented project processes and outcomes, as well as student feedback, showed that it was a good learning opportunity for the students. The industry professionals involved in the project also expressed how much they valued the opportunity to contribute to the project and be informed by the innovative ideas. Chapter 20, by Kyungeun Sung, Millie Rees, Theodore Sloos, Richie Moalosi, Yaone Rapitsenyane and Anneloes Roelandschap, looks at another set of student projects at DMU, partly in collaboration with UB and Chako Zanzibar (upcycling social enterprise in Tanzania). Two student projects involved upcycling common waste for product design as an extracurricular activity: Millie used textile upcycling to create a range of textile-based products (e.g., cushions, soft toys) for the DMU Made Christmas Fair and organized a community textile upcycling workshop; and Theodore experimented with different materials (e.g., pallet upcycling to create a chair, plastic and glass upcycling to make new products for Chako). In the final chapter, Chapter 21, Thatayaone Mosepedi and Gerald Kennedy present the opportunities and challenges of implementing upcycling in industrial design education and its potential to create a sustainable, green industry in Botswana, based on their mixed-methods study with educators, students and industry professionals. Their findings show that the integration of upcycling into the industrial design programme has the potential to address environmental concerns, stimulate innovation, and promote sustainable practices in Botswana, while challenges such as lack of awareness, inadequate infrastructure, and limited funding need to be addressed for the successful implementation of upcycling into the curriculum.
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Fashion and Textiles





Chapter 1

Emotional Design for Fashion Upcycling

Yufei Hu, Pammi Sinha and Eunsuk Hur

Introduction
The current ‘take-make-dispose’ linear model (Ellen MacArthur Foundation, 2017) of the fashion industry urgently calls for a transition to a more sustainable circular system (Moorhouse & Moorhouse, 2017). Statistics indicate that out of the 100 billion garments produced by the fashion industry, 92 million tons of clothing end up in landfill annually (Ruiz, 2023). Around 87% of discarded textiles go to landfill, although more than 90% of them are reusable and recyclable (Moazzem et al., 2021).

Transforming the linear model into a circular system is challenging due to the fast-fashion business model, low-price and low-quality clothing coupled with cultural overconsumption (Tripa et al., 2022). Changing the model is imperative for the fashion and textile industry (Chen et al., 2022). Fashion upcycling is a common and effective solution for reusing many fashion and textile products to reduce negative environmental impacts from direct disposal and elevate their value through recycling (DeLong et al., 2017). By transforming discarded items into higher-value creations (Marques et al., 2019), fashion designers can contribute to sustainable fashion based on their creativity and increase the market competitiveness of their products (Cuc & Tripa, 2018).

Although multiple stakeholders contribute to the fashion upcycling industry, the user plays a decisive role in determining whether to acquire a new garment, dispose of an existing one or upcycle it (Fletcher, 2012). Products that consider consumers’ emotional experiences have been mentioned frequently in recent years as consumers are more concerned than ever about their emotional needs when purchasing a product (Karaca, 2020). However, there is limited academic research considering the user’s emotional experience in fashion upcycling because the focus of the current study is to understand consumers’ attitudes towards upcycling and upcycling willingness (Gwilt, 2021; Kim et al., 2021), introduce fashion upcycling strategies (Gam et al., 2011), indicate the demand and advantages of fashion upcycling (James & Kent, 2019) and identify the barriers to fashion upcycling (Zhang & Hale, 2022).

Emotional design can help products evoke positive emotional responses from users (Norman, 2004). Chapman (2009) proposed an emotionally durable design framework to provide a pathway for product designers to create positive user-product relationships by fostering emotional attachment to the product. Emotional attachment and emotional durability have been discussed in fashion design, but the main focus is understanding why the wearer formed an emotional attachment to their clothing (Niinimäki & Koskinen, 2011). Although in product design, considering the emotional aspect of user experience could contribute to the market competitiveness of the product by increasing its attractiveness, the pleasure during usage and potentially cherishing the product (Norman, 2004), the approach, applicability and impact of emotional design in fashion upcycling remains unclear in academic literature.

Considering the consumer’s emotional experience is not a new concept in fashion design (Fletcher, 2012), many fashion retailers have used sensory design to trigger their consumers’ emotional responses to boost their brand image (Kim et al., 2019). However, most academic research about emotional design is conducted in generic product design. There is a lack of research regarding the potential benefits or impacts when emotional design theory and principles are applied to fashion upcycling. This chapter focuses on how the different applications and benefits of emotional design theory can assist fashion upcycling practices with different dimensions based on upcycling characteristics, building a bridge between emotional design and fashion upcycling. The application of emotional design in other disciplines was reviewed to provide insights into emotional design practices. Moreover, the relationships between wearers, clothing and fashion upcycling approaches were reviewed to explain the correspondence between emotional design and fashion upcycling.

Methods
A systematic review of the literature was conducted. The sample of papers was selected from the Web of Science and Scopus databases, as these two databases have been commonly used as primary sources for literature reviews. The exclusion criteria for both Scopus and Web of Science throughout all searches were papers that were not journal articles, not in English, not accessible, or unrelated to fashion or emotion. The first search used ‘emotion and design’ and ‘memory and design’ in December 2022. Thirty-seven papers related to design, emotion and design and memory and design were included (Figure 1.1).

In May 2023, a second search was conducted for papers related to emotional design in fashion, resulting in 11 papers (Figure 1.2 left). Another search was conducted in June 2023, using search terms related to ‘fashion upcycling and strategies’ resulting in 16 papers (Figure 1.2 right).
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Figure 1.1 Prisma diagram for emotional design.
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Figure 1.2 Prisma diagram for emotional fashion (left) and Prisma diagram for fashion upcycling (include and exclude emotion) (right).

Results
The searches indicated an uneven distribution in the literature. Most of the papers related to emotional design were conducted in psychiatry, anxiety stress and coping, psychotherapy, audiology and computers in human behaviour. Among the 48 papers identified as relevant to emotional design, most papers (n=37) examined product design, with only 11 on fashion design focusing on understanding wearer-clothing relationships. The search also identified limited results for emotional design in fashion upcycling. Those papers that articulated a theoretical framework for understanding design and emotion tended to adopt the emotional design framework proposed by Norman (2004) to discuss emotional design in fashion upcycling.

Theoretical Framework: Emotional Design Theory

Emotion has the power to influence how individuals perceive and interact with a product and shape an experience (Dewey, 1934). Through emotional design, designers aim to create a deep and meaningful connection between the user and the product by not only meeting the functional needs but also fostering positive and emotional interactions (Norman, 2004). Designers can effectively communicate and express emotions through their creations by carefully considering elements such as shape, colour and texture to evoke positive emotional responses, such as happiness and satisfaction, when using or interacting with the product.

Norman’s (2004) emotional design model outlined three levels of how humans process sensory data: visceral, behavioural and reflective. He further indicated that a successful product should elicit positive emotions on these three levels. The visceral level is people’s immediate and emotional reaction when they first see the product. At the visceral level, the aesthetic contributes significantly to consumers’ emotional reactions, especially for fashion products (Bloch, 1995), as the product’s physical features shape the initial impressions towards and attractiveness of a product (Norman, 2004). The next section discusses emotional fashion upcycling based on this model.

Emotional Design in the Context of Fashion Upcycling

Fashion Upcycling Strategies    Understanding the complexity of upcycling in fashion design (such as fashion’s ever-changing trends) and knowledge about consumers’ physical and emotional demands regarding upcycled clothing is crucial when reusing materials and minimizing waste effectively. Therefore, practical and user-friendly methods (Kam & Yoo, 2022) for upcycling must be proposed. Common approaches to facilitate this process are such as creative zero-waste pattern cutting, modularization redesign, redesigning, and re-styling.

Creative zero-waste pattern cutting has been used to minimize waste during the pattern-cutting process (Lewis et al., 2017). In the context of fashion upcycling, a zero-waste pattern effectively reuses the patterns from gathered clothing by using computer software such as CAD to optimize the yield of clothing components (Lewis et al., 2017; Cuc & Tripa, 2018; Tripa et al., 2022). Modularization redesign refers to clothing redesign using parts extracted from old garments with the help of digital technology, such as a group genetic algorithm (Paras et al., 2018). Bigolin et al. (2022) approached modularization redesign more artistically and poetically by using cameras to extract and categorize discarded clothing based on their style. Redesigning clothing into other products is also a creative way to upcycle unwanted items. Juciene et al. (2022) redesigned discarded denim into decorative elements and sound insulation in finishing panels for interior design. Cao et al. (2022) repurposed textile waste into products such as phone cases, hats and bags. Re-styling refers to the appearance of clothing that can be altered through various upcycling approaches. For example, the colour can be changed by re-dyeing (Sugiura, 2019) and the structure can be modified by deconstructing and then redesigning the garment or adding decorative elements like embroidery or prints (Bigolin et al., 2022; Paras et al., 2023) to help transform the look of the clothing.

Apart from the approaches listed above, the cultural dimension is important to sustainable fashion design (Kozlowski et al., 2019). In fashion, upcycling involving cultural elements, such as quilting from traditional handicrafts or collaboration with local artisans, could increase the emotional durability of the upcycled product (Kam & Yoo, 2022). Besides, preserving and redesigning based on the unique history of recycled products could be a good promotional strategy for upcycling brands (Deschamps et al., 2017), as retaining the stories and traces of the cloth’s previous life has been suggested as a critical requirement for them (Paras et al., 2018).

In summary, fashion upcycling strategies, such as creative zero-waste patterns and modularization redesign, could contribute to optimizing the waste materials. However, relevant design skills and aesthetics are needed to redesign discarded clothing into other products and make them attractive to consumers. Among these strategies, incorporating cultural elements and narratives could evoke emotional responses to the product, discussed in more detail in the following section.

Wearer-Clothing Relationship in the Context of Upcycling    Neto and Ferreira (2023) suggest that clothing can be seen as non-human relatives of the wearer, serving as an extension of the self (Belk, 1988). The shared experience between the wearer and the garment creates a significant emotional bond, often driven by the emotions and memories associated with that experience, even though wearers may not always be aware of their emotional attachment towards their garments. The consumer’s decision to discard clothing signifies a failed relationship (Chapman, 2007) between them and the garment (Neto & Ferreira, 2023). In an interview with ten women (aged between 29 and 69 in the UK), Burcikova (2019) found that all of them owned one special dress that was unlikely to be discarded easily. These dresses are special for five reasons: aesthetic, wearability, the memories they evoke in the wearer, making the wearer look and feel good, and cultural elements that contribute to the uniqueness of the clothing, which in turn helps to foster a long-term relationship between the consumer and the garment.

Table 1.1 presents the literature review analysis by identifying factors that influence the aesthetics of clothing. These factors include beauty, style, colour, fit, and tactility (Niinimäki & Koskinen, 2011), as well as the design and placement of clothing components and elements such as silhouette, length, and waist (Qin et al., 2017; Chen et al., 2020a).

The comfort of the clothing material, function, and quality (durability) of the clothing significantly influence the wearer’s wearing experience (Niinimäki & Koskinen, 2011; Armstrong et al., 2016), providing a foundation for time long-term use, contributing to consumer satisfaction towards the clothing. An & Lee (2006) further explored Asian women’s emotional needs and found that they would pay more attention to the softness and weight of the material. The clothing makes them look and feel good: a sense of satisfaction and delight in the clothes makes them look pretty and attractive (Armstrong et al., 2016), which usually comes from the design or fitness of the clothing and wearing occasions.

Cultural significance has been considered an essential element because some clothing represents cultural symbolism (Liu et al., 2022), such as the embroidery on the Chinese bellyband representing love and family bonds (Hewei, 2023). Clothing evokes many memories, and it ‘links to past, present and future’ (Niinimäki & Koskinen, 2011, p. 17). It has been argued that this attachment will more likely appear on essential and meaningful objects; therefore, they are unlikely to be discarded. Emotionally meaningful clothing may not be in active use anymore, but the wearer keeps them because of the memories associated with special or meaningful experiences (Niinimäki & Koskinen, 2011; Armstrong et al., 2016). Table 1.2 presents an overview of the analysis of the literature reviewed for emotional values attributed to memories.


Table 1.1 Factors influencing the aesthetic of clothing


	Factors
	Author and year
	Publisher





	Beauty, style, colour, fit and tactility (comfortable material)
	(Niinimäki & Koskinen, 2011)
	The Design Journal



	Silhouette, clothing length, top fly, collar, waist, hem, pocket, pleat
	(Chen et al., 2020a)
	International Journal of Clothing



	Shoulder width, shoulder slope, waist ease, waist length
	(Qin et al., 2017)
	Journal of Interdisciplinary Mathematics








Table 1.2 Emotional values attributed to memories


	Emotional values attributed to memories
	Author and year
	Publisher





	History/past, place, people, moments, childhood; Family ties; Positive associations such as soft tactile feeling
	(Niinimäki & Koskinen, 2011)
	The Design Journal



	Special occasion, vacation, youth, childhood, a reminder of home, unexpected gift, a reminder of pleasure, a reminder of love obtained for a special occasion, a reminder of youth, the first piece, a reminder of a special person received from a special person; Reference group (family ties, represent a specific thing or people); Expression of self (expression of self, expression of one’s ideology, positive association, made for me)
	(Armstrong et al., 2016)
	The Design Journal





Theorizing Emotional Fashion Upcycling Design
Norman stated that all three levels of design – visceral, behavioural and reflective – are closely interlinked (Norman, 2004). As discussed previously, research related to emotional fashion identified five factors that make clothing special: (aesthetic, wearability, makes the wearer look and feel good, cultural elements and the memories they evoke). Fashion upcycling practitioners should consider different strategies to evoke consumers’ emotional responses based on these five factors to increase their satisfaction towards upcycled clothing or products.

In fashion upcycling, the appearance, including silhouette, colour, structure, material, print and decoration of clothing, contributes mainly to the consumer’s decision, perception and preference on the visceral level (Niinimäki & Koskinen, 2011; Qin et al., 2017; Sugiura, 2019; Chen et al., 2020b) as the visual attractiveness is a crucial aspect in fashion design (Bloch, 1995; Haug, 2016). Therefore, the visceral level of emotional design can be seen as the appearance of fashion-upcycled products. Fashion upcycling strategies that focus on changing the appearance of clothing, such as redesigning the silhouette, redyeing, and reprinting, could contribute to the consumer’s emotional experience and satisfaction with the upcycled product.

Behaviour design aims to create positive emotional experiences to enhance user satisfaction and engagement through the usability and functionality of the product (Norman, 2004); it involves a product’s function, understandability, usability, and physical feel. A good behavioural design should be human centred as the designer should consider the actual needs of consumers. It should be user-friendly (easy to use) and can fulfil needs. On the behaviour level, consumers consider clothing quality, fit and comfort as significant factors influencing their wearing experience, and researchers have emphasised their significance as they determine if users decide to keep or discard the item based on the interviews conducted in European countries (Niinimäki & Koskinen, 2011; Armstrong et al., 2016). Similarly, research based on aesthetic, emotional, expressive and functional emotional needs shows that Asian women tend to evaluate clothing comfort based on factors such as material softness and weight as the standard for fulfilling their functional and emotional needs (An & Lee, 2015). In fashion upcycling, the durability and quality of the clothing influences consumers’ attitudes towards it (Niinimäki & Koskinen, 2011; Armstrong et al., 2016). Therefore, the behaviour level of emotional design can be seen as the wearability of fashion-upcycled products. Fashion upcycling practitioners should consider the actual needs of the user and improve the design based on their feedback. At this level, a successful fashion upcycling design should fit the consumer physically and emotionally. In addition to fitness, the design must make the consumer feel confident when wearing it.

The reflective level is related to the meaning of a product the message it conveys, and the personal memory evoked by it. This level involves individuals’ deep thinking, evaluation, and reflection on a product, going beyond its appearance and functionality. At this level, factors such as symbolic meaning, cultural significance, personal identity, and memory associated with the product come into consideration. Factors related to how good the consumers look and feel in the clothing also affect their perceptions (Niinimäki & Koskinen, 2011; Armstrong et al., 2016) on the reflective level.

Figure 1.3 illustrates the potential for the use of memory in emotional upcycling fashion design. While memories are subjective and personal, they can potentially be utilised in several design strategies, such as personalized or customized design (Orth et al., 2018), which suggests that users may cherish this clothing more because of its uniqueness. Consumers who DIY old clothing or brands that provide customized services could utilize the memory shared with clothing and translate it into design elements. For bigger-scale upcycling brands, incorporating narratives, such as designing with the patch from previous use, could also contribute to the brand image and competitiveness as consumers may be attracted by the story of the upcycled fashion items (Deschamps et al., 2017).


[image: ]
Figure 1.3 Potential use of memory in emotional fashion upcycling design.

Building on Norman’s (2004) explanation, researchers have identified that other factors, such as culture and memory, also play an important role in fashion upcycling. However, the wearer’s memory associated with clothing is personal and formed through long-time usage; therefore, it is hard to design intentionally. Studies have indicated that the more consumers wear a particular garment, the more beautiful and beloved it becomes (Schifferstein & Zwartkruis-Pelgrim, 2008; Neto & Ferreira, 2023) as that frequent and enjoyable use experience creates meaningful memories (Niinimäki & Armstrong, 2013). Researchers have conducted interviews to examine attachment factors for different types of clothing and found that memory played the most significant role in influencing product attachment in dress and suit (Armstrong et al., 2016). At the same time, factors such as function, emotional value, fit and aesthetics were more important for other types of clothing like T-shirts or jeans. Besides memory, cultural elements can also contribute to the consumer’s emotional responses and their emotional attachment to clothing (Kam & Yoo, 2022). In addition, cultural elements in upcycled clothing could also evoke a consumer’s emotional response, such as nostalgia. However, this needs to be examined within a specific context as different cultural groups respond differently to cultural products. Accordingly, the reflective level of emotional design can be seen as the emotional satisfaction, memory, narrative and cultural elements provided by the fashion-upcycled product.

Conclusion
This chapter provides insights into the relationship between wearer clothing and fashion upcycling. It aligns emotional design elements in fashion design with fashion upcycling strategies. A widely used emotional design model proposed by Norman (2004) has been introduced and considered in terms of the fashion upcycling process. This study identified five key emotional factors in fashion upcycling design: (i) aesthetic appearance (ii) material and wearability (iii) narrative and memories evoked in the wearer (iv) making the wearer’s perception of looking and feeling good, or, emotional satisfaction and (v) cultural elements incorporated into the design. The results show that fashion upcycling neglects consumer’s emotional experiences. Incorporating emotional design elements into upcycling could potentially significantly improve consumer emotional attachment to fashion garments and increase emotional durability. As this study used peer-reviewed journal articles as references, it may have overlooked emerging innovative practices. Further empirical studies could enhance understanding of the roles of emotional design, thereby enabling the optimisation of product use and longevity, which could ultimately support alternative ways to advance circular fashion practices.


References

	An, H. and Lee, I. (2015), ‘A conceptual framework for Asian women’s emotional needs in fashion design’, International Journal of Fashion Design, Technology and Education, 8(3): 206–213.

	Armstrong, C.M., Niinimäki, K. and Lang, C. (2016), ‘towards design recipes to curb the clothing carbohydrate binge’, Design Journal, 19(1): 159–181.

	Belk, R.W. (1988), ‘Possessions and the extended self’, Journal of Consumer Research, 15(2): 139–168.

	Bigolin, R., Blomgren, E., Lidstroem, A., de Oliveira, S.M. and Thornquist, C. (2022), ‘Material inventories and garment ontologies: Advancing upcycling methods in fashion practice’, Sustainability, 14(5): 2906.

	Bloch, P. (1995), ‘Seeking the ideal form: Product design and consumer response’, Journal of Marketing. 59: 16–29.

	Burcikova, M. (2019), ‘One dress: Shaping fashion futures through utopian thinking’, Fashion Practice, 11(3): 328–345.

	Cao, H.T., Cobb, K., Yatvitskiy, M., Wolfe, M. and Shen, H.Q. (2022), ‘Textile and product development from end-of-use cotton apparel: A study to reclaim value from waste’, Sustainability, 14(14): 8553.

	Chapman, J. (2007), ‘Subject object relationships and emotionally durable design’, in T. Cooper (ed), Longer Lasting Products, 61–76, London: Routledge.

	Chapman, J. (2009), ‘Design for (emotional) durability’, Design Issues, 25(4): 29–35.

	Chen, J.Y., Polston, K., Nicols, E. and Phung, B. (2022), ‘A study on textile recycling in college student residence areas’, Journal of the Textile Institute, 113(9): 1854–1861.

	Cuc, S. and Tripa, S. (2018), ‘Redesign and upcycling – a solution for the competitiveness of small and medium-sized enterprises in the clothing industry’, Industria Textila, 69(1): 31–36.

	DeLong, M., Alice Casto, M., Min, S. and Goncu-Berk, G. (2017), ‘Exploring an up-cycling design process for apparel design education’, Fashion Practice, 9(1): 48–68.

	Deschamps, T., Carnie, B. and Mao, N. (2017), ‘Public consciousness and willingness to embrace ethical consumption of textile products in Mexico’, Textiles and Clothing Sustainability, 2: 1–16.

	Dewey, J. (1934), Art as Experience, New York: Capricorn Books.

	Ellen MacArthur Foundation (2017), ‘A new textiles economy: Redesigning fashion’s future’, Available at: https://www.ellenmacarthurfoundation.org/a-new-textiles-economy.

	Fletcher, K. (2012), ‘Durability, fashion, sustainability: The processes and practices of use’, Fashion Practice, 4(2): 221–238.

	Gam, H.J., Cao, H.T., Bennett, J., Helmkamp, C. and Farr, C. (2011), ‘Application of design for disassembly in men’s jacket A study on sustainable apparel design’, International Journal of Clothing Science and Technology, 23(2–3): 83–94.

	Gwilt, A. (2021), ‘Caring for clothes: how and why people maintain garments in regular use’, Continuum, 35(6): 870–882.

	Haug, A. (2016), ‘A framework for the experience of product aesthetics’, Design Journal, 19(5): 809–826.

	Hewei, T. (2023), ‘Chinese folk embroidery bellyband: The intersection of loving symbol, emotional release, and spiritual needs’, Textile: The Journal of Cloth and Culture, 22(1): 84–101.

	James, A.S.J. and Kent, A. (2019), ‘Clothing sustainability and upcycling in Ghana’, Fashion Practice, 11(3): 375–396.

	Juciene, M., Dobilaite, V., Albrektas, D. and Bliudzius, R. (2022), ‘Investigation and evaluation of the performance of interior finishing panels made from denim textile waste’, Textile Research Journal, 92(23–24): 4666–4677.

	Kam, S. and Yoo, Y. (2022), ‘Practice of sustainable fashion design considering customer emotions and personal tastes’, Frontiers in Psychology, 13: 976471.

	Karaca, E. (2020), ‘Emotional landscape design through Kansei/affective engineering’, in M. Özyavuz (ed), Theory and practice in sustainable planning and design: Planning, design, applications, 429–444, Berlin: Peter Lang.

	Kim, I., Jung, H.J. and Lee, Y. (2021), ‘Consumers’ value and risk perceptions of circular fashion: Comparison between secondhand, upcycled, and recycled clothing’, Sustainability, 13(3): 1208.

	Kim, Y.K. and Sullivan, P. (2019), ‘Emotional branding speaks to consumers’ heart: the case of fashion brands’, Fashion and Textiles, 6(1): 1–16.

	Kozlowski, A., Bardecki, M. and Searcy, C. (2019), ‘Tools for sustainable fashion design: An analysis of their fitness for purpose’, Sustainability, 11(13): 3581.

	Leerkes, E.M. and Siepak, K.J. (2006), ‘Attachment linked predictors of women’s emotional and cognitive responses to infant distress’, Attachment and Human Development, 8(1): 11–32.

	Lewis, T.L., Park, H., Netravali, A.N. and Trejo, H.X. (2017), ‘Closing the loop: a scalable zero-waste model for apparel reuse and recycling’, International Journal of Fashion Design, Technology and Education, 10(3): 353–362.

	Liu, H., Wang, Y., Huang, Z. and Romainoor, N.H. (2022), ‘A study on the attractive quality attributes of Guochao T-shirt products based on consumer emotional experience’, Journal of Silk, 59(2): 55–67.

	Marques, A., Moreira, B., Cunha, J. and Moreira, S. (2019), ‘From waste to fashion – a fashion upcycling contest’, Procedia CIRP, 84: 1063–1068.

	Moazzem, S., Wang, L., Daver, F. and Crossin, E. (2021), ‘Environmental impact of discarded apparel landfilling and recycling’, Resources, Conservation and Recycling, 166: 105338.

	Moorhouse, D. and Moorhouse, D. (2017), ‘Sustainable Design: Circular Economy in Fashion and Textiles’, Design Journal, 20(sup1): S1948–S1959.

	Neto, A. and Ferreira, J. (2023), ‘Lasting bonds: Understanding wearer-clothing relationships through interpersonal love-theory’, Fashion Theory – Journal of Dress Body and Culture, 27(5): 677–707.

	Niinimäki, K. and Armstrong, C. (2013), ‘From pleasure in use to preservation of meaningful memories: A closer look at the sustainability of clothing via longevity and attachment’, International Journal of Fashion Design, Technology and Education, 6(3): 190–199.

	Niinimäki, K. and Koskinen, L. (2011), ‘I love this dress, if makes me feel beautiful! Empathic knowledge in sustainable design’, Design Journal, 14(2): 165–186.

	Norman, D.A. (2004). Emotional Design: Why We Love (Or Hate) Everyday Things, New York: Basic Books.

	Orth, D., Thurgood, C. and van den Hoven, E. (2018), ‘Designing objects with meaningful associations’, International Journal of Design, 12(2): 91–104.

	Paras, M.K., Pal, R. and Ekwall, D. (2023), ‘An exploratory study of Swedish and Romanian organisations to investigate upcycling practice in the clothing industry’, Research Journal of Textile and Apparel, Vol. ahead-of-print (No. ahead-of-print).

	Paras, M.K., Wang, L.C., Chen, Y., Curteza, A., Pal, R. and Ekwall, D. (2018), ‘A sustainable application based on grouping genetic algorithm for modularized redesign model in apparel reverse supply chain’, Sustainability, 10(9): 3013.

	Qin, F., Jiang, Y. and Liu, G.L. (2017), ‘A behavior experiment study: Information integration in sensory perception of female suit silhouettes’, Journal of Interdisciplinary Mathematics, 20(1): 243–254.

	Ruiz, A. (2023), ‘17 Most Worrying Textile Waste Statistics & Facts’, Available at: https://theroundup.org/textile-waste-statistics/ (accessed 28 June 2023).

	Schifferstein, H.N.J. and Zwartkruis-Pelgrim, E. (2008), ‘Consumer-product attachment: Measurement and design implications’, International Journal of Design, 2(3): 1–13.

	Sugiura, M. (2019), ‘The mass consumption of refashioned clothes: Re-dyed kimono in post-war Japan’, Business History, 61(1): 106–121.

	Tripa, S., Indrie, L., Zlatev, Z. and Tripa, F. (2022), ‘Customized clothes – a sustainable solution for textile waste generated by the clothing industry’, Industria Textila, 73(3): 275–281.

	Zhang, L.S. and Hale, J. (2022), ‘Extending the Lifetime of Clothing through Repair and Repurpose: An Investigation of Barriers and Enablers in UK Citizens’, Sustainability, 14(17): 10821.








Chapter 2

Kenyan Fashion Designers’ Knowledge, Attitude and Practice of Upcycling

Sophia N. Njeru and Richie Moalosi

Introduction
The current linear consumption cycle is that people extract natural resources from the environment, design and make products, sell them and, after using them for some time, discard them as waste. Upcycling is disrupting this unsustainable cycle as it offers a mix of upgrading and recycling (Wegener, 2016). Upgrading adds value to products, while recycling promotes the reuse of discarded items. Upcycling is taking disposable items and transforming them into products of added value (ibid). Therefore, upcycling offers a promising sustainable consumption alternative by taking disposed products into a new production and value-creation cycle. The products created through upcycling are better than the original, and they tell sustainability stories such as ‘production with zero waste’, ‘small is beautiful’ and ‘start local, but think global’ (Earley, 2011; Wegener, 2016). By reusing waste components, the need for recycling is decreased. The upcycling process saves the use of new materials, water, and energy, thus addressing resource scarcity, promoting sustainable production and consumption and reducing carbon footprint in the circular economy. Designing upcycled products requires a new radical cultural mindset change from the culture of throwing away to a design approach of component modularity that allows products to be deconstructed and reconstructed (Holtström et al., 2019). It demands innovation and a futuristic creativity approach that merges old garbage and new components to create valuable products of added value.

The fashion industry in Africa is mainly driven by Small and Medium Enterprises (SMEs). SMEs contribute significantly to any country’s sustainable economic development, innovation and competitiveness. However, the industry’s production processes result in environmental degradation, especially from solid waste and unsustainable production processes (Johnson & Plepys, 2021). Fashion enterprises generate large quantities of biodegradable and non-biodegradable waste that end up in landfills, incinerators and bodies of water bodies (ibid). There is no research on Kenya’s fashion industry, specifically among SMEs, which addresses upcycling, a potentially creative and economical means to mitigate unsustainable production, consumption and environmental pollution.

The objective was to assess fashion designers’ knowledge, attitudes and practice of upcycling. It focused on upcycling and how fashion designers’ knowledge and attitudes impact their practice in varied SMEs in the Kenyan fashion industry. Though apparel products negatively impact the environment at every point along the product’s lifecycle, this study was limited to the production stage. The significance of this study stems from its ability to advance sustainable practices, influence positive change within Kenya’s fashion industry, and support the worldwide movement towards a more socially and environmentally responsible fashion industry.

Methods
The research adopted a case study design for an in-depth description of a small number of cases (Mouton, 2001). The units of analysis were fashion houses/firms domiciled in diverse parts of Kenya. The fashion industry in Kenya is fragmented and thus lacks statistics on its players’ population. Hence, the names of 20 fashion houses were obtained from FashionFix and style columns in Sunday Nation newspapers between January to July 2022 and six designers whom the researchers knew. The fashion houses were contacted and eight willingly participated in the study. The owner/managers were deemed the key decision-makers and had an in-depth understanding of the enterprises’ operations. Semi-structured interviews were conducted using online interview schedules shared with the fashion firms’ owners/managers. The interview questions focused on the interviewees’ demographic characteristics and their knowledge, attitude, and practice of upcycling. A faculty member reviewed the interview questions for validity. The respondents availed images of upcycled fashion products via email. Qualitative data were analysed using thematic analysis (Ali, 2021). Qualitative content analysis was applied to the images of fashion products (Shava et al., 2022). The analysis provided data on the overall style features and specific design details, such as materials, notions, and construction techniques. The data has been presented in narratives and photographs. The fashion design participants were coded as F1–F6, while the leather design participants were L1–L2.

Results
Participants’ Demographics

Table 2.1 shows the participants’ demographics. Eight firms participated in the study. There were four females and males respectively. Regarding professional qualifications, six undergraduate degrees were in fashion design, one in commerce and one in philosophy. The Master’s degree was in fashion design and marketing. Participant F6, a philosopher, described himself as a Do-it-yourself (DIY) person. One undergraduate degree and diploma holder never specified their discipline. Table 2.1 shows that seven firms employed 1–10 employees and one firm employed between 11–100 people. Seven firms were new start-ups with one to ten years in operation. Only one firm was mature because it had 11 to 20 years in operation.

All the firms had a vision and mission statement. Some of these recognized sustainable fashion: environment, consumer, economy, quality, and culture. For instance, Participant F2 explained that the ‘vision is a sustainable fashion brand by unravelling the negative environmental effects of fashion while saving customers’ time and money by providing top quality, affordable clothing nationwide’. Participant F2 added that the mission is ‘improving the fashion industry with every stitch, offering superior designs, high-quality products with exceptional price-value and superior service to the consumer’. The vision of participant L1 was ‘We aim to represent the African authenticity across the world’. Participant F4’s vision was to ‘create fashion pieces that respect our beautiful earth and its inhabitants’, and the mission was to ‘break the stereotype that sustainable fashion is expensive and make these fashion pieces accessible and affordable to all people’. Our vision and mission, respectively, are ‘Beautiful and sustainable apparel’ and ‘create employment and stable income and discover new ways of greener lifestyle’ (Participant F6). The vision and mission statements show that the fashion houses were conscious of sustainability issues.


Table 2.1 Demographic characteristics of owner/managers and firms


	 
	Demographic characteristics
	N
	%





	Gender
	Female
	4
	50.0



	Male
	4
	50.0



	Other
	0
	0.0



	Professional qualifications
	Undergraduate degree
	6
	75.0



	Master’s degree
	1
	12.5



	Diploma
	1
	12.5



	Stage/phase of business
	New start-up (1–10 years operation)
	7
	85.5



	Mature (11–20 years operation)
	1
	12.5



	Number of employees
	1–10
	7
	85.5



	11–100
	1
	12.5



	Vision and mission statements
	Stated
	8
	100.0



	None
	0
	0.0



	Products created (multiple responses allowed)
	Clothing/Apparel
	6
	75.0



	Intimate apparel
	0
	0.0



	Fashion accessories
	2
	25.0



	Products specialization (multiple responses allowed)
	Ready-to-wear (RTW)
	6
	75.0



	Haute couture
	2
	25.0



	Avante Garde
	0
	0.0



	Target market (multiple responses allowed)
	High class
	1
	12.5



	Middle class
	5
	62.5



	Low class
	1
	12.5



	‘Green/eco/sustainable’
	2
	25.0



	Male
	2
	25.0



	Female
	2
	25.0



	Youthful
	3
	37.5



	Middle age
	1
	12.5



	Elderly
	1
	12.5



	Persons living with disabilities
	1
	12.5



	Plus-size
	1
	12.5





Most of the firms (6) were in clothing/apparel, and two created fashion accessories. The firms specialized in Ready-to-wear (RTW) products (6) and Haute couture (2), as illustrated in Table 2.1. Regarding fashion products, product-orientated PSS (Product-Service-System) models are highly possible with RTW clothing/apparel. Participant F6 was collaborating with Kazuri Beads to diversify into beadwork jewellery.

Fashion products and target market

A total of six participants specialize in clothing/apparel, and two in fashion accessories. In terms of product categories, five participants specialize in ready-to-wear (RTW) and two in haute couture. Only one participant creates both RTW and haute couture. Product-orientated S.PSS (Sustainable Product-Service-System) models are highly possible with RTW clothing/apparel. Participant F6 was collaborating with Kazuri Beads to diversify into beadwork jewellery.

Almost all the participants had one specific market related to either gender or economic class, specifically the middle class. Participant F6 had a combination of markets varying from youth/male/female/green/eco/sustainable and those who yearn for the story behind the apparel. Nonetheless, Participant F2 was focused on high/middle/low class, female/male, green/eco/sustainable, youth, elderly, persons living with disabilities and plus size. The two participants were responsive designers.

Knowledge of Sustainable Fashion and Upcycling

The level of knowledge required to implement upcycling in the fashion industry is high, expressed in their understanding of sustainable fashion and upcycling, its adoption, and its benefits. Most participants’ perceptions of sustainable fashion alludes to its environmental, social and economic characteristics such as:


	‘Fashion that does not destroy or affect the environment’ (Participant L1).

	‘Consistency, eco-friendly…’ (Participant L2).

	‘Having eco-friendly and ethical practices and processes of creating fashion products’ (Participant F4).

	‘Fashion that is friendly to humanity and environment’ (Participant F3).

	‘Clothing that is designed, manufactured, distributed, and used in ways that are environmentally friendly’ (Participant F2).

	‘Fashion that is conscious about its effects on the environment it operates in and people who work in it’ (Participant F5).

	‘Practice that links clothing from beginning to the end’ (Participant F6).



Regarding upcycling, participants stated perspectives that captured its distinct features of pre-and post-consumer waste, value addition, repurposing and producing fashion products. For instance:


	‘…taking something that is at the end of product life and give it better and new life and value’ (Participant F6).

	‘…the reuse of a product’ (Participant L1), ‘making use of the leftover product to create something’ (Participant F3),

	‘…using outdated or old products to make new products’ (participant FI) and ‘recycle to better’ (Participant L2).

	‘…value addition of fashion waste’ (Participant F4).

	‘A design-based circular fashion approach, where pre- or post-consumer textile waste material is repurposed or renovated to create new garments’ (Participant F2).

	‘…reusing garments/materials to give them a new life’ (Participant F5).



The participants were knowledge-seekers; hence, they obtained information about upcycling from varied sources, including online products, undergraduate fashion design modules on renovated apparel, media, journal articles, faculty, and conversations with industry acquaintances. A unique source for Participant F6, were tailors who considered it to be African culture to upcycle and repair clothes, unlike in Europe, where apparel with a small stain or tear is often discarded. Despite being knowledgeable about upcycling, two participants had not adopted it in creating fashion products because the ‘market we serve has not yet taken it up as something they would love’ (Participant F5), and it is ‘still young in the market and there is limited knowledge on such’ (Participant L2). The other six participants have embraced upcycling, recognizing the skills required, the benefits and the tensions involved. The most critical skill required of a designer to master upcycling is creativity, as participant F4 emphasized: ‘creating something stylish and wearable from a used piece requires a unique eye and a creative mind’. Other skills required include innovation, imagination, uniqueness, excellent craftsmanship to deconstruct and construct a fashion product, an understanding of the environmental impact of raw materials, knowledge of fabric quality and expertise in the use of work tools.

Attitude toward Upcycling

The participants enjoyed several benefits from upcycling, namely, support for a worthy cause from eco-conscious stylists, designers, and organizations, happiness that their first upcycled collection sold out in two weeks, and high demand for upcycled bags. ‘More income is generated from clients who want repairs done but surprise them with a creative design and referral clients who end up ordering a new product’ (Participant F2). Participant F6 mentioned, ‘creating awareness that people can do upcycling, no mass-production leading to the uniqueness and more people, especially clients, want to champion upcycling’. Despite the benefits, the participants experience a few tensions, such as poor-quality denim products and other second-hand apparel. Some clients are unwilling to spend much money on old apparel mainly because there is little information on sustainable fashion, particularly upcycling. In addition, there is an occasional loss of designers’ creations in transit from Africa to Europe, and there is the challenge of quality control, especially for participants who are based abroad. Participant F6 echoed that upcycling only allows them to produce limited editions of their apparel.

It was prudent to establish the opinion of the participants’ employees concerning upcycling because they are charged with implementing it in production. The opinions were predominantly positive, such as becoming more interested in such unique products, leading to taking up waste fabric for their use. The employees are fascinated and have a sense of belonging since it is a worthy cause. The employees deem upcycling as a very regular or natural concept as most Africans already practise it, but they were unaware of the terminology (Participant F6). However, a minority of employees consider upcycling to be repairs so are unwilling to give it the attention it deserves.

The Practice of Upcycling

All eight participants produce their creations in-house, thus managing their solid waste. Out of these eight participants, five of them upcycle their solid waste. Notably, none of the participants burned solid waste, indicating their environmental consciousness. The firms were located in urban centres, except for Participant F6, which is domiciled in a rural town and has access to garbage collection services. Those participants that create upcycled apparel mainly use fabric off-cuts of 100% cotton, such as Kente and Kitenge, in addition to polyester, wool and their blends (Figure 2.1).

Second-hand clothes, curtains, and duvets are other raw materials that have been upcycled. Fashion accessory designers utilize leather, some of which is waste from tanneries. Depending on the products created, fashion designers’ significant solid waste is fabric off-cuts, in addition to thread cones and paper-and-packaging materials such as cartons. Fashion accessory designers have leather heaps, which Participant L1 states ‘if not upcycled could end up in water catchment areas endangering marine life’.

The participants embrace zero solid waste in their operations primarily by using fabric off-cuts to create throw cushions, pillows and pin cushions or sell fabric off-cuts to people who produce face masks, mattresses, and cushions. Participant L1 stressed, ‘We upcycle our raw materials, and even the smallest pieces are used to make small accessories such as keyholders’. The positiveness of Participant F6 was ‘seeing great potential in solid waste and using it as much as possible’.




[image: ]
Figure 2.1 Tops made from a second-hand bedsheet by Hilda Karanja Wangui.

The process of upcycling from ideation to the final product(s) entails idea generation and concept development using sketching and other means, as well as secondary research on how other designers create garments through upcycling. The process also includes colour rendering, pattern making, sourcing for fabrics and other necessary raw materials such as second-hand curtains, prototype development of two to three sample garments in different colours and sizes, production of final garments, and fitting. Some stages may be skipped, such as prototype development, if a designer is not producing a collection. Other stages are exclusive to Participant F6 in that the finished fashion products are shipped to Berlin, Germany, rather than being sold locally. Fashion products created by upcycling include apparel, namely, two-piece trouser suits that are gender specific or unisex, dresses, blouses, and two-piece skirt suits (Figure 2.2).

Fashion accessories created by upcycling comprise bags, scarves, belts, headbands, shoes, clutch bags, bucket hats and keyholders (Figures 2.3 and 2.4).

The products also include soft furnishings, namely coasters, duvets, table mats and runners (Figure 2.5). Participants created upcycled business-related products, namely patchwork packaging bags, multimedia crafts, pin cushions and rugs used for cleaning equipment.

Discussion
Despite the challenges and considering the perceived benefits of upcycling, more sustainable fashion champions and business models could be encouraged. Kenyan fashion firms, both start-ups and those that are more mature established, irrespective of the owner/manager’s gender and professional qualifications, have embedded upcycling into their creations. This is fostered by the owner/managers’ in-depth knowledge of and positive attitude towards upcycling. This study’s fashion houses were SMEs that offered a wide range of upcycled fashion products in RTW and haute couture to diversified markets. However, the former negates the ethos of sustainability, which frowns on RTW. According to Vezzoli et al. (2022), producing fashion products on order/custom-made ensures firms do not have excess stock/inventory, resulting in waste. The finding concurs with Gurova and Morozova (2018), who state that SMEs significantly contribute to Helsinki’s fashion scene and increase its diversity. The designers create a market called the ‘sustainable clothing design market,’ which combines small-scale designers, production spaces, particular practices, and meanings with sustainable values.
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Figure 2.2 Two-piece suits made from second-hand curtain fabrics (Aluoch, 2022) (left) and upcycled post-consumer waste (right) by Sidney Nwakanma.
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Figure 2.3 Old stilettos renovated with kitenge (left) and a clutch bag and shoes upcycled with kitenge (right) by Caroline Nyarunda.
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Figure 2.4 Laptop bag made from a re-sized second-hand bedsheet (left) and an upcycled bedsheet bag (right) by Caroline Nyarunda.
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Figure 2.5 Table mats and runners by Caroline Nyarunda.

The participants created diverse upcycled fashion products from pre- and post-consumer solid waste in haute couture for the local and international markets. The participants leverage the upcycling opportunities offered to SMEs because they have more flexibility in approaching their products from a lifecycle perspective (Earley et al., 2016). The participants stated that creativity is the predominant skill set required for upcycling, which is embodied uniquely and aesthetically in fashion products and soft furnishings created. This finding echoes Gurova and Morozova (2018), who pre-suppose that designers invest creativity in their products and act as ‘entrepreneurs of taste’ by adding design ideas for the purpose of creating a new garment from an old one. Two participants acquired their knowledge of upcycling from formal education through modules and faculty. As Gurova and Morozova (2018) assert, one of the biggest problems of sustainable fashion is that designers are often self-taught in the sustainable production of clothes. The designers have to educate themselves, a process that requires time, effort and practice.

The participants of this study can be classified as determiners (creators of boundary objects) and co-creators (facilitators), according to Gardetti (2019). Casto and DeLong (2019) stress that designers should design items that people need rather than those they want to meet both consumer and sustainability needs. A participant’s concern that upcycling only allows them to produce limited editions of their apparel should not be deemed as a conundrum. Gurova and Morozova (2018) state that Helsinki’s fashion designers are reluctant to use the word ‘collection’, which is normally aligned with big companies and trends. The designers instead consider it environmentally wise to create timeless, unique products three times a year, with new colours or models from high-quality materials to support the extended life and use of the products.

In the practice of upcycling, the participants make compromises because there is no such thing as being 100 percent sustainable (Gurova & Morozova, 2018). However, it is more important to bring the idea of sustainability to the market, create an alternative niche, educate consumers and develop innovative practices of sustainable production that can bring about future changes with long-lasting positive effects.

Conclusion
The participants were utilizing upcycling to compete in the fashion industry by creating alternatives to unsustainable fast fashion and as a basis for their identity. The participants also contributed creatively and uniquely to humanity’s socio-cultural, economic, and environmental well-being, attaining SDGs 9, 12, 13, and 15 and transitioning to the circular economy. The chapter emphasizes the importance of education and collaboration in promoting upcycling practices in Kenya’s fashion industry. Designers would benefit from specialized training in upcycling techniques. Collaboration between designers, policymakers and industry stakeholders is crucial to create a supportive ecosystem for sustainable fashion. The chapter has highlighted the potential for upcycling to contribute positively to Kenya’s fashion industry in terms of sustainability, cultural expression, and economic growth. However, there are significant challenges that need to be addressed, including limited customer knowledge, awareness and access to materials. By overcoming these obstacles through education, collaboration and policy support, upcycling can emerge as a viable and impactful solution to foster a more sustainable and socially responsible fashion sector in Kenya.
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Chapter 3

Stitched Refugee Stories: Using Stitching and Upcycling to Convert Children’s Experiences into Empowerment

Chanjuan Chen and Trina Harlow

Introduction
Refugee Crisis

Enormous numbers of internally and externally displaced people and forced migrants have been a significant global crisis and issue for many years. The numbers continue to rise at an alarming rate. According to the United Nations High Commissioner for Refugees (UNHCR), nearly 109 million people were forcibly displaced by the end of 2022. Over 41% of these were children under the age of 18 (UNHCR, 2023). Children are the most vulnerable population and have many unique challenges. There are many personal accounts of the challenges that refugees face. The documentary film titled Refuge in the Heartland shared the story of a middle-school paraprofessional currently working in the USA who worked with the Newcomer Programme students at her school in 2018. When she was a small child, she had to walk from Cambodia to Vietnam with only one mat, some dishes, and clothes (Kansas State University, 2018). Some parents must or choose to send their children away unattended. An American woman tells the story of her mother, who was put on a boat as an eight-year-old girl, alone and with only the clothes she was wearing, to flee from the Vietnam War. She had to travel by herself for several days on the sea to a refugee camp in Malaysia (Pham, 2020).

To provide immediate protection and help to refugees, the UNHCR has built refugee camps around the world. These camps are meant to provide basic needs to refugees (UNHCR, 2023). However, some of the refugees are forced to live in informal tents for extended periods. Tent cities can be found in countries such as France and the border between Mexico and the USA (Byrne, 2021; Lithwick, 2019). Some of these tent cities have poor living conditions caused by health, social, political, or environmental problems. These conditions are putting refugees, especially children, in danger (Lithwick, 2019). Moreover, though refugee camps are intended to serve as temporary facilities providing protection and support, many children have lived in refugee camps from birth to adulthood and have never seen the outside world (Harlow, 2019).

Researchers found that education is one way to change refugee children’s lives (Huss et al., 2020; Piper et al., 2020). Education is a life-saving, life-sustaining, and life-transforming process that forms the basis of children’s futures, providing them with the understanding, knowledge, and skills to create more prosperous lives for themselves and their communities (Shohel, 2022). How can we transform downtrodden and traumazsed refugee children into empowered individuals through quality education and other resources in refugee camps, promoting their growth and development? In other words, how can we upcycle the educational experience of refugee children, no matter their location in the world? To bring attention to the challenging educational and developmental story of refugee children, an art-based research approach using upcycling created a social justice fashion design to tell some of these refugee stories and inspire continued effort in this field.

Upcycling

Refugee education and fashion seem to collide in a reimagining of how to improve the status quo. Fast and mass fashion have created an overwhelming amount of consumption and waste in our world today (Bianchi & Britwistle, 2011; Fletcher, 2010; Niinimäki & Koskinen, 2011). An increasing range of low-quality clothing is rapidly disposed of, leading to higher consumption of inexpensive products and massive textile waste (Farrer, 2011). One way to reduce the amount of textile waste is to take materials that would otherwise be thrown away and reuse, recycle, and upcycle. Reusing existing materials could provide designers with the opportunity to reassess the value of waste material (Gwilt & Rissanen, 2011). Upcycling is defined as recreating a product that has higher quality than the original. Many fashion researchers and practitioners have explored upcycling as a design method. For example, in the work of fashion designer Cloed Priscilla Baumgartner, men’s trousers were transformed into thoroughly modern pieces for women under the label “MILCH” (Brown, 2013). Fashion Researcher (2017) produced a collection of upcycled garments presenting various ways of reusing and adding value to wasted t-shirts, men’s dress shirts, and fabric scraps. Irick (2013) proposed a model for repurposing apparel and textiles. The model included three levels of repurposing: redecorating, subtractive and additive. A fourth level of repurposing to this model, intentional pattern making, was added by Irick and Eike (2017) in the later study. These four levels provided a clear guideline for teaching students about the method of repurposing and upcycling in the classrooms.

On the other hand, Wegener (2016) argued that upcycling is not just a design approach but a way to link the past to the present and the future; here we see another parallel with the examination of refugee education. In upcycling, the present incorporates elements from the past; the future becomes tangible, enabling individuals to establish connections between the significance of both old and new items. As defined by Akdemir (2018), fashion is more than a piece of fabric; it is ‘a form of non-verbal communication’ (p. 1391) and ‘one of the most important ways of expressing the identity because of its full of signs, codes and meanings inside them’ (p. 1396). Researchers in textile and apparel have explored fashion that tackles social issues (An et al., 2020; Hahn & Collier, 2022). However, few apparel and textile researchers have explored how to use upcycled materials to create garments that bridge the meanings of the old materials with the new garments while addressing social issues to promote positive change.

In this chapter, we describe an Arts-Based Research project (Cahnmann-Taylor, 2008) using recycled materials to tell the challenging stories of refugee children. By analysing refugee statements and photographs from selected research on refugee children’s education, we upcycled a used tent to transform the meaningful finding into a new fashion piece. The concept of upcycling aligns with the purpose of this research, which is to bring attention to educational challenges that affect refugee children and to the value of each individual through quality education and resources. Therefore, the purposes of this study are twofold: (i) to explore innovative ways of creating a fashion piece using upcycled and unconventional materials; and (ii) to provide insight, knowledge and attention, allowing deeper understanding of and support for the educational opportunities for refugee children.

Approaches and Literature Review
The methodological framework for this study is Arts-Based Research (ABR), which implements various visual art forms to collect and analyse data and present findings (Cahnmann-Taylor, 2008). ABR is not only rigorous, relevant and insightful but also continues to explore new dimensions at the scientific frontier (ibid). ABR allows researchers to explore unconventional paths, producing outcomes that surpass the constraints of traditional sciences (Rolling, 2010). ABR guided this study by affirming that data can be converted into visual designs. To collect the data, we analysed and synthesized literature on educational research with refugee children and visual images associated with these articles. Examining images allowed us to discover new nuances and subtleties in situations, leading to a deeper understanding and expanding our awareness (Eisner, 2008). We collected and reviewed a total of 12 peer-reviewed articles (Adams & Santos, 2022; Ardelean, 2021; Brown & Bousalis, 2017; Crea et al., 2022; Demissie & Boru, 2021; Heldal et al., 2021; Huss et al., 2020; Kodwani, 2019; Meyer et al., 2013; Piper et al., 2020; Shohel, 2022; Wellman & Bey, 2015), two policy reports (Dryden-Peterson, 2015; Palik, 2020), and one book (Harlow, 2019) from Google Scholar and academic publisher databases, as well as articles and images on national agencies and organizations that protect and support refugee children, such as the United Nations High Commissioner for Refugees (UNHCR), U.S. Committee for Refugees and Immigrants (USCRI), and United Nations International Children’s Emergency Fund (UNICEF), providing evidence-based research on the experiences and education of refugee children. The search was conducted using keywords such as ‘refugee children’, ‘refugee education’ and refugee camps’.

By analysing the literature and visual images, we identified several key points regarding the challenges of education for refugee children and the pedagogical strategies proposed by researchers. These key points informed the authors’ decision to act on experimenting with different apparel and textile techniques, such as upcycling and embroidery. Consequently, an upcycled fashion piece was created, incorporating quotes and images from the literature review as virtual surface details on the garments.

Analysis of Literature and Visual Images

A review of the literature and visual images on the topic of refugee children and education points to two essential issues: (i) the educational challenges and (ii) the pedagogical strategies needed for refugee children. Studies pertinent to each are discussed in this section to provide the foundation for the development of wearable art to promote awareness and support for the refugee educational crisis. A summary of the literature review map was developed based on the existing research and used in support of the second-hand materials selection and the upcycled garment development.

Through a review of the literature, some challenges of educating refugee children have been discussed. As Piper et al. (2020) found, one of the challenges was related to language. The language(s) spoken by refugee students at home and in their previous schooling can significantly impact their learning outcomes after being displaced. The research proposed that providing effective educational opportunities for refugee children should consider these factors when deciding on the language of instruction (Piper et al., 2020). A different challenge pointed out by Demissie and Boru’s (2021) study surrounded the choice of the curriculum offered for refugee children in the host country. The study highlights two conflicting viewpoints in the literature. One advocates that refugees should adopt the educational curriculum of the host country, while the other proposes that they follow the curriculum of their country of origin. In their conclusion, Demissie and Boru (2021) proposed a middle ground by suggesting the implementation of a negotiated curriculum, which resulted from a mediation process between the home and the host country’s curricula. This approach aimed to provide better support for the learning of refugee children. The challenges related to diverse materials and languages correspond with those found in Shohel’s (2022) study on educating Rohingya children in Bangladeshi refugee camps. Shohel’s research exposed government limitations on using the Bangladeshi curriculum and Bangla language for instruction. This led to challenges in obtaining affordable and suitable learning materials to provide quality basic education in the children’s mother tongue in 2022.

To provide a quality educational environment for refugee children, many researchers have proposed different pedagogical strategies through studies around the world. For example, Huss et al. (2020) explored educational strategies to support learning in a refugee camp in Mitilini, Greece, such as using art-based methods to understand children’s needs and create a conducive learning environment. The authors emphasized the importance of formal learning for refugee children as a source of hope as well as the importance of refugee teachers as they became role models for the children. Art lesson activities and community projects empower young minds, foster creative expression and reconnect refugees with their inherent sense of self-worth and belonging (Brown & Bousalis, 2017).

For the review of photographs and images, we analysed evocation to examine the visual images, focusing on the initial emotional responses when viewing each image (Saldana & Omasta, 2022). The majority of the visual images were sourced from the literature analysed above, with additional images found through a Google search using the exact keywords used in the literature review process. For example, we reviewed one drawing from Huss et al.’s (2020) study to get an idea of what school looks like from the perspective of a refugee child. When we examined the drawing, our eyes naturally gravitated toward the colourful house in the middle of the drawing. We jotted down the thoughts and emotions first evoked within us: colourful, positive and hope. A total of nine visual images were reviewed and analysed using the same method.

In analysing the literature and visual images, key points were identified and a literature map was developed, highlighting the important dimension of educational challenges and strategies for refugee children (Figure 3.1). The literature map informed the development of Arts-Based Research. Upcycling was selected as the design technique as the concept of upcycling aligns with the purpose of this chapter, which is to help refugee children reassess the value of each individual through quality education and resources in the new country. Additionally, as fashion has the power to tell stories, an upcycled fashion piece was viewed as an appropriate visual form to explore the research further.
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Figure 3.1 Literature map with key points.

Fashion Techniques

The upcycling design process began with finding discarded materials for this project. Since the inspiration behind this fashion piece was the global refugee crisis and the educational challenges faced by refugee children, a second-hand dome tent was seen as an appropriate material due to its frequent use by refugees on their journey and its colours and textures aligning with the finding. The tent had a grey and blue groundsheet made from tarp. The tarp is textured with a slightly rough surface that hints at its durability. A subtle graininess, like refined grains of sand, can be felt when running one’s fingers over the tarp. The texture and the feeling of the tarp symbolize the challenges of the refugee children. The body of the tent, made from waterproof polyester, was mixed with a blue-and-white colour. The vents on the tent were made from blue-and-grey mesh materials. The colour palette of the tent, grey, white and blue, creates a profound narrative that embodies the stories of refugee children – the grey signifies the challenges discussed in the literature, the white symbolizes a blank canvas where their new life’s potential in a new country is yet to unfold. The blue is like the blue sky, which inspires a sense of hope and wonder about what lies beyond. The initial design process involved sketching and draping the repurposed tent fabric on dress forms to explore potential silhouettes. After careful consideration, the authors selected a simple full-length dress with a hooded cape as the final design. This decision was guided by both practical and aesthetic considerations. The elongated silhouette, featuring a long train, efficiently utilized the tent’s body without generating additional waste while also providing ample space for embroidery. Additionally, the hooded cape was incorporated to symbolize protection, leveraging the inherent properties of the tarp material to reinforce this conceptual narrative.

Different fashion techniques were explored for this upcycling process, such as modularity and embroidery. Modular design is a design approach that features small, standardized units that can be independently combined in various configurations to create different forms (Koo et al., 2013). In this study, modularity refers to the uncertainty of the refugee children’s future. The embroidery technique allows for intricate visual designs using thread, serving as an artistic means to secure and enhance materials of various types and sizes (Haar, 2004). The repurposing method known as intentional pattern making (Irick & Eike, 2017) was also incorporated. This method involves taking apart old clothes and creating new designs using the fabric available while using existing shapes and space efficiently. The intentional pattern-making method can maximize the characteristics of the old material in the upcycling process to bridge the meanings of the old materials with the new garments.

Outcomes
The Development of the Upcycled Garments

To create the upcycled fashion piece, the old dome tent was first cleaned and disassembled. The grey and blue tarp materials that formed the base of the tent were kept, creating a cape. The polyester materials from the body of the tent, which had a smooth texture and interesting construction details like zippers, buckles, and flat felled seams, were kept intact to create the dress. A modular system based on a polygon shape was employed to create the cape (Chen & Lapolla, 2021). Children’s body-shaped silhouettes were designed in a polygon shape using Adobe Illustrator and arranged in a circular pattern to symbolize a scene of children studying in school and to symbolize the refugee children that are the focus of this design. Functional cut-outs were added to each of the six body outlines. A laser cutter was used to cut out the modules on the grey and blue tarp materials (Figure 3.2). These modular shapes were then joined together through the cut-outs to form the cape, with smaller shapes on the neck and gradually larger shapes on the hood and sleeve hems. Modules made from blue polyester mesh, taken from the body of the tent, were also added to enhance the visual effect of the gradient colour palette on the cape.

For the dress design, unconventional shape and construction details of the dome tent were used instead of dismantling the tent, the whole body of the tent was draped on a dress form in various ways to test design ideas. A floor-length dress with a train was eventually chosen as the silhouette. The draping process involved analysing the available materials and existing construction details from the tent to preserve its characteristics and achieve the desired new look. For example, the zipper from the tent opening was utilized as the closure of the dress on the centre back. Next, embroidery details using a free motion machine were added to the dress, incorporating direct quotes from nine selected publications on educational research in refugee camps. The authors also developed outline drawings based on visual images associated with the literature to capture the essence of these findings. Both the quotes and the drawings were printed on sheets of wash-away embroidery stabilizer before stitching using a quilting machine on the front of the dress. Additionally, the names of the 10 largest refugee camps in the world were stitched on the back train. Once the desired stitching was added, the stabilizer was washed away. The dress was then sewn together with an upcycled lining fabric to complete the look.
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Figure 3.2 Children’s body-shaped module design to be used on laser cutting on the grey tarp materials.

Merge of Social Justice and Upcycling

The final ensemble consists of two pieces created from a second-hand dome tent adorned with embroidery details (Figure 3.3). The modular cape is crafted using the grey-and-blue tarp sections of the tent. The colour palette on the cape transitions from grey to blue, symbolizing the current situation of refugee children (grey) and their aspirations for a better future through education (blue) in a new country. The cape features modules in the shape of children’s silhouettes surrounding a polygon, representing a scene of studying. The rough texture of the tarp materials used for the modules signifies the hardships refugee children endured on their migratory journey. As for the dress, it was made from the body portions, the black-and-white polyester of the tent, accentuated with black embroidery details to complement the cape. The embroidery details included quotes from published scientific literature supporting refugee children’s education and drawings developed by the researcher (Figure 3.3).

Arts present a multitude of opportunities and encourage educational researchers to think innovatively about the definition of research, to explore diverse and imaginative methods for empirical inquiry, and to communicate our inquiries and discoveries in more impactful and accessible ways (Cahnmann-Taylor, 2008). Through creating an upcycled fashion piece, we explored not only innovative ways to use upcycling as a design technique but also merging meaningful findings on the topic of refugee children with upcycling. The modular cape conveys meaningful messages using shapes, colours and textures derived from upcycled tent materials. While a cape design was used, the modules could be transformed into different looks, symbolizing the unpredictable education environment in refugee camps. In combination with the dress, direct quotes and representative drawings embroidered on the dress depict the educational experiences of refugee children in camps. The two-piece fashion ensemble serves to amplify authentic voices and research knowledge from refugee camps worldwide. Further, the references of the publications were digitally printed on the backside of the stripes hanging from the cape. Through the stories of refugee children and the techniques of modularity and embroidery, creative upcycling allows the connection between the past stories of individuals and their new significant future.
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Figure 3.3 The front and back views of the upcycled cape and dress.

Discussion
With UNHCR (2023) and other agencies that focus on the world refugee crisis reporting on the alarming increase in displaced people, the plight of the children and adults affected by the refugee crisis is a world issue and a concern to the global population. This chapter touched on an overview of the many challenges facing the education of displaced children. The goal of the research was to merge fashion with a global social justice issue and uniquely incorporate the refugee crisis into the literal fibres and stitches of a garment focused on the refugee child.

The upcycled dress featured as a part of this study functions as a soft goods billboard for the world refugee crisis. Therefore, the garment and its analysis serve as a challenge for upcycling designers and other fashion designers to incorporate social justice more frequently and overtly into designs. During recent Paris Fashion Shows, we have seen an uptick in the social focus of garments, with the themes of designs reflecting the concerns of individual designers (Web, 2022). This study indicates that there is much more that can be done regarding upcycling and refugees. Designers representing a variety of organizations could host a design course where refugee camp residents upcycle various fibre items (e.g., clothing, bedding, tents) and refashion them into clothing. Then, a fashion show could be held at the camp, and residents of the camp could serve as models. Additionally, castaway garments found and collected along the Texas and Arizona borderland could be upcycled into social justice garments that tell the stories of those border crossers.

The upcycled tent dress and fashion design of this chapter indicate that the voices of our refugees and their stories can live on through many venues and voices. More specifically, this chapter and its visual artefact – the upcycled dress – indicate that the design industry can do much more to join the global conversation on the crisis of displaced people. Words and images can only be considered when a person is reading or viewing them – a dress can bring great attention and notoriety to a cause, as was seen in 2021 when Alexandria Ocasio-Cortez wore an attention-getting dress to the Met Gala in New York City (Hills, 2021). The fashion design of the future will be more than just fashion.

Conclusion
This chapter synthesized refugee educational research and creatively addressed educational challenges for displaced and refugee children through the production of an upcycled garment. The visual design serves as a call to action and empowerment, drawing attention to the issues faced by refugee children to access education. This fashion piece ventures into innovative approaches to create upcycled modular designs while addressing educational challenges in refugee camps. The findings conveyed the journey of real experiences and research from refugee camps worldwide, offering valuable insights to support the education of refugee children during their transition to new communities. Additionally, the method employed to upcycle the tent contributes to the existing knowledge of intentional pattern making (Irick & Eike, 2017) by exploring unconventional materials and reusing construction details for new designs. The cumulative effort of the fashion piece also added a new aspect of how upcycling can be used to link the past value of the garment with the new art form created using various fashion techniques. Future studies will further explore additional methods of creating modular wearable art pieces addressing social issues, with the goal of advancing a new design framework for the fashion design industry and designers.
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Chapter 4

Exploring Upcycling Practices in the Fashion Sector: A Case of Harare

Edlight Mutungwe, Walter Chipambwa and Lucia Sithole

Introduction
The fashion and textile businesses are among the most polluting industries in the world, mainly because of the volume of production. Several studies have shown that the textiles and clothing industry contributes significantly to environmental pollution, leading to global warming (Morgan & Birtwistle, 2009; Minney, 2011; European Commission, 2017; Hiller Connell & Kozar, 2017; Leal et al., 2019). In addition to the effects of extracting raw materials for manufacturing new fibres, textile waste has emerged as a significant issue for the industry – approximately 30 million tonnes of textile waste every year. Upcycling has become one of the sustainable concepts being promoted in the fashion and textile industry in recent years to counter the negative environmental impact of this sector. Upcycling reduces waste as discarded materials are remodelled or redesigned into something more useful with a higher value than the original.

Janigo and Wu (2015) opine that upcycling fashion could involve minimal modifications, such as adding embellishments or deconstructing and reconstructing a garment. Aus (2011) defines upcycling as a circular design approach where waste clothes are converted through innovative designs to create new fashion products. Upcycling provides environmental benefits (Egin, 2012; Pol, 2010; Santulli & Langella, 2013), economic benefits (Zhuo & Lavendis, 2014; Fraser, 2011), and social benefits through community engagements (Sung et al., 2014). The design process in upcycling is different from the usual process based on new materials. The general design process in fashion upcycling involves sourcing, cleaning, sorting, designing, and production (Han et al., 2015; Chuma et al., 2019). The product is designed based on the inherent properties of the waste garment, thus calling for a high level of creativity so that the final product can be of high aesthetic appeal to the consumers (Aus et al., 2021; Han et al., 2017).

Preloved clothing items in developed economies are often donated to charities and end up being sold in developing economies, resulting in a boom in the trade of these second-hand clothes. This has increased the total amount of textile and clothing waste in these developing economies as these second-hand items are becoming another source of clothing waste. Zimbabwe has not been spared from this challenge of textile waste production (Tsiko & Togarepi, 2012), with poor textile waste disposal practices such as burning being prevalent in urban areas, as well as the influx of second-hand clothes (Chipambwa et al., 2016). To counter the effects of the clothing industry on the environment, some upcycling fashion brands such as Fanfare label, Paneros, Ruby Moon, and Beyond Retro have taken the lead in addressing the problem. They have designed clothing items for sale using waste collected from various fashion and clothing production companies.

This chapter aims to establish the level of fashion upcycling awareness among fashion consumers in Harare, Zimbabwe, and promote fashion upcycling to reduce textile waste dumping. Harare is the capital city of Zimbabwe and is home to approximately 120 registered clothing manufacturing companies. It seeks to stimulate fashion upcycling practices in urban communities for environmental sustainability by determining the fashion upcycling level of awareness among fashion designers and consumers, as these urban centres have become pivotal in the fashion consumption and manufacturing chain. It also sought to establish the current fashion upcycling practices among fashion designers and manufacturers in Harare and explore challenges and possible solutions that could be implemented.

Methods

To understand the upcycling practices in the fashion industry, the study applied a mixed-methods research design. The goal of mixed-methods research is to create a more comprehensive understanding of an issue by integrating both quantitative and qualitative methodologies into a single study. Mixed methods help explain some data abnormalities and/or give a more thorough and in-depth view of the topic being studied (Dunning et al., 2008). The qualitative component of the study allowed the researchers to explore the ways in which fashion designers and garment manufacturers, as fashion experts, participate in the construction of an upcycling model as part of their practice. Before their interviews, the selected expert participants were given access to various images from a study conducted in 2019 by researchers on upcycling with fashion design students. The interview had semi-structured questions and lasted for 45–60 minutes. All participants agreed to the request to record their interviews so that the researchers could transcribe them later. Thematic analysis of the interview transcriptions was aided by using NVivo software. A total of 10 experts (five fashion designers and five clothing manufacturers) were purposively sampled to participate in the interviews. To obtain industry experts, a letter of introduction was first sent to the management of the company, who then recommended an individual who they believed to be knowledgeable about the topic under study and also the overall research area. The quantitative component was an online survey that asked fashion consumers about their views and practices on fashion upcycling using Google Forms. The online survey link was shared via two popular social media platforms, Facebook and WhatsApp. Consent to participate in the survey was deemed granted upon receipt of the completed questionnaire. Internet Protocol (IP) address and email address were used to control for duplicate entries, and a question about the participant’s city was controlled for the study area. The survey was closed after receiving fifty responses, which were structured questionnaires seeking to understand their views and practices on fashion upcycling.

Results
The ten expert interviews involved participants from the clothing industry and the individual fashion designers who agreed to take part as key expert informants in the study. The profiles of the interview participants are shown in Table 4.1. Sixty per cent of the participants were females, and all the participants had attained an educational qualification, with a diploma being the least qualified. Participants from clothing manufacturing companies held different positions, as shown by their job titles in Table 4.1.

Definition of Upcycling

To establish the experts’ knowledge or perceptions of upcycling, the interviewees were asked what they understood by the term upcycling in relation to fashion or clothing design practice. Their definitions included recycling, reuse, patchwork, resource efficiency, and surface design (Table 4.2).

Upcycling Practice and Knowledge

Interviewees were asked to identify the upcycling practices they engage in or have engaged in as individuals or groups. They had some garments that they had designed from unwanted clothes, and the key motivating factor was trying out new design ideas and also working around worn-out or spoiled garment areas in creating new styles. Three of the designers mentioned that they usually prefer working on or altering those oversized shirts they get from second-hand dealers to make new items like bum shorts or mini-skirts. One interviewee also mentioned that they make accessories like clutch bags to match the styles: ’I prefer reworking denim shirts from second-hand market to make shorts and floppy hats that people can wear during summer‘ (P3).
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The interviewees mentioned that upcycling reduces the amount of waste that goes to landfills and helps to conserve natural resources. They also highlighted that upcycling encourages individuals and businesses to think creatively and find new and innovative ways to use materials that would otherwise be discarded. Upcycling can be a cost-effective way to create new products or materials. Another interviewee also stated that upcycling promotes the development of craft industries, as people without jobs or with limited access to employment are given the opportunity to participate in the economy (Table 4.3).

Evidence of upcycling practice and knowledge was more prominent amongst those participants who manage their brands. It was also emphasized that their activities are supported by the abundance of unsellable second-hand clothes and the need to turn unwanted clothes into better, more stylish products. One interviewee said, ’I get oversized and out-of-style second-hand clothes from the dealers in town when they select that which can be sold, and the other items graded as unattractive to the customers is then bundled and sold cheaply‘ (P2).


Table 4.2 Upcycling definition


	Theme
	Data extracts





	Recycling
	‘Upcycling is the process of recycling an old garment to make a new one’ (P6)



	Reuse
	‘… taking fabric used on from one garment to construct another new garment design’ (P1)



	Patchwork
	‘… process of using patches that are still in good condition to make a new garment’ (P3)



	Resource efficiency
	‘… making sure we maximize the use of all the fabric that is still in good condition to make another garment’ (P5)



	Surface design
	‘… adding more detail or decorations to a garment unlike its state from the shop’ (P4)






Table 4.3 Upcycling knowledge


	Theme
	Data extracts





	Creativity
	‘… process allows one to explore new design ideas that can result in new and distinct fashion products that are not replicable’ (P1)



	Reduce carbon footprint
	‘… using the fabric pieces repeatedly before they are discarded makes us reduce effects of landfill’ (P4)



	Income generation
	‘… unused trims or fabric pieces can be converted into useful items that can be sold and result in more income from such trims’ (P9)



	Craftwork
	‘… promotes craftwork and entrepreneurship development’ (P6)





Challenges of Upcycling

During the interviews, the experts generally revealed that a lack of awareness of the circular economy is a major factor hindering the promotion of upcycling as a sustainable initiative. In one case, the interviewee stressed that unless designers see themselves as key contributors to a sustainable environment, principles such as upcycling will not be appreciated by the public. Upcycling requires the use of discarded or waste materials. The availability of these materials for designers is another challenge as it requires picking up the material and sorting it to come up with a good design. Another critical issue identified by the interviewees is the decision on the type of waste to be used – pre-consumer or post-consumer. One interviewee pointed out that the cost of making a garment becomes very high as there is no standard procedure to follow. The study also revealed that upcycling requires a high level of creativity to come up with a garment that can be sold on the market. Another interviewee also mentioned that the use of post-consumer waste can lead to a negative perception of the new upcycled product, as it may be seen as less valuable, making the sales process very difficult for the designer. Another one mentioned, ’The fashion design curriculum has to include upcycling as a sustainable design concept taught early in school so that designers are knowledgeable and start practising it in school‘ (P5). Jayasinghe et al. (2021) argues that a lack of skills and training can hinder the adoption of upcycling among fashion designers. The other factor highlighted by the interviewees was the issue of market demand, the demand for sustainable and eco-friendly fashion products that can influence the practice of upcycling. The interviewees claimed that if consumers are willing to pay more for sustainable fashion products, fashion designers may be more willing to adopt upcycling.

Fashion Consumer Survey Results

The survey was responded to by fifty people; 84% were female and 16% were male. The age group of 30–39 years had 44 per cent of respondents, followed by 20–29 years (28%), then 40–49 years (20%), and lastly, those above 50 years (8%). Regarding the frequency of clothing purchases, 40 per cent buy monthly, 34 per cent buy quarterly, 16 per cent buy half-yearly, and 10 per cent buy yearly. The respondents ranked their sources of new clothing items as follows: (i) fashion boutique stores (60%), (ii) second-hand clothing stalls (53%), (iii) bespoke fashion houses or designers (34%), and (iv) cash or credit fashion retail shops (14%). Sixty per cent of respondents showed that they understood what fashion upcycling was by choosing the best definition from those given, while 40 per cent defined it as recycling clothes. With regard to disposing of unwanted clothes, most respondents mentioned that they give them away to friends or relatives. In terms of purchase decisions between an upcycled garment and a non-upcycled garment (new), 85 per cent chose the new (non-upcycled) garment, and only 15 per cent chose the upcycled. Those who chose to buy the upcycled garments stated reasons such as promoting sustainability, supporting local designers, having exclusive design, saving money, and setting new trends or unique fashion styles. Some of the factors that affect fashion upcycling were listed as: (i) a lack of knowledge of sustainable fashion practices and their benefits, (ii) cultural issues that go against wearing second-hand clothes, (iii) negative perceptions as it is associated with being poor, (iv) fast fashion available, and (v) designers’ lack of creativity. In order to promote upcycling as a practice, the respondents highlighted the need for education and awareness raising on how upcycling promotes a sustainable future, as well as support for small upcycling start-ups at a community level.

Discussion and Conclusion
One of the key issues revealed in the study was that interview participants defined upcycling as recycling even though they were different (Zhi, 2021). Another major challenge highlighted in the study was the issue of pricing and selling upcycled products. The interviewees explained that it can be challenging to achieve a higher price because customers assume that something made from unwanted material should have a lower value because it is seen as waste. However, this is not the case in many developed countries where sustainable fashion is highly valued. With new technologies now allowing for virtual fashion catwalk events (Chipambwa et al., 2022), fashion designers need to think about how they can market their brands globally and even develop these designs digitally (Chen et al., 2021). Another main issue was the lack of practical knowledge on upcycling in terms of how to create great garments through upcycling. Both interview and survey results showed that there is a need to integrate upcycling concepts into the standard fashion design curriculum so that it can be practised throughout the textile and apparel value chain. Governments also need to support fashion brands and designers who wish to promote sustainable behaviour through upcycling. Collaboration and networking among fashion designers can facilitate the adoption of upcycling practices, leading to the creation of new designs and innovative upcycling techniques.

In conclusion, exploring upcycling practices among fashion designers and consumers in Harare provided valuable insights into the potential for upcycling to promote sustainable development and ethical fashion practices in the fashion industry. Based on this research, we have made the following suggestions. We would like to see more collaborative fashion design projects on upcycling that can allow designers to share experiences and knowledge. Fashion designers in developing countries need to use their creative skills to expand upcycling practices through new innovative designs that can also be showcased and developed through digital platforms to generate income from multiple sources. We hope to see government incentives like tax rebates and awards to incentivize designers and other players in the textile and clothing value chain to embrace upcycling. Fashion designers need to be more creative in experimenting with different techniques, such as cutting, patching and embellishing, to transform old materials into new and exciting designs that can fetch higher value on the market. To improve the sourcing of materials, fashion designers should engage second-hand clothes dealers, local thrift shops, and textile waste centres. Working with local communities to set up small upcycling start-up projects to support the unemployed should provide a good platform to teach people basic sewing skills and build their confidence to participate in upcycling.
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Chapter 5

FABIO – Making Jeans Sustainwearable

Pranoti Sonawane, Lovish Bandwal and Yagnesh Gohil

Introduction
The circular economy works as a system to ensure that materials do not become waste and that nature is regenerated by maintaining product and material cycles through practices such as maintenance, reuse, refurbishment, remanufacturing, recycling and composting (Ellen MacArthur Foundation, 2023a). The transition to a circular economy is still in its early stages, with only 8.6 per cent of resources currently being utilized in a circular manner (Papamichael et al., 2022). The fashion industry, with its widespread production of jeans, bears a heavy environmental burden, characterized by immense water consumption, air pollution and excessive textile waste (Peter & Mishra, 2023). The fashion industry’s substantial environmental footprint is undeniable, highlighting the urgency for implementing circular approaches (Heshmati, 2017). Among the myriads of garments, jeans stand out as a global wardrobe staple with a profound environmental impact. Extensive research unveiled compelling statistics highlighting the staggering environmental impact of the jeans industry. As illustrated in Figure 5.1, a staggering 6 billion pairs of jeans are produced annually, yet a mere 15 per cent undergo recycling or upcycling. It takes around 65 litres of water to produce a single pair of jeans, contributing to critical water scarcity issues. Furthermore, the manufacturing process results in significant air and water pollution, as well as considerable waste and emissions (Webber, 2022; Levi Strauss & Co., 2023).

This study aims to implement a circular economy-based framework to revolutionize traditional jeans manufacturing by reducing waste, conserving resources and empowering stakeholders in the fashion industry. To find circular opportunities in the circular economy, work has been done to signify the technical and biological cycle of the lifecycle of a pair of jeans. The study unlocks a total of eight untapped ideas while finding circular opportunities through design thinking practices. This study introduces FABIO (named from the word Bio-Fabric) as part of the solution. It is an innovative service, emerging as a transformative force in the jeans industry, adopting sustainability principles and circular economy practices.
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Figure 5.1 Facts on the manufacturing of jeans.

Approaches
Secondary research and qualitative methodologies were used. The secondary research proved instrumental in constructing a theoretical diagram and identifying circular opportunities, offering a structured foundation for the study. At the same time, qualitative research played a central role in the ideation phase of solution building, facilitating a nuanced exploration of perspectives and contributing to the richness and depth of the research findings. This dual methodology allowed the strengths of each approach to be leveraged, ensuring a comprehensive and insightful analysis of the research. The ideation process was conducted through co-creation discussions involving key stakeholders–farmers, designers, tailors, and customers. To validate and refine the proposed solution, we conducted stakeholder interviews with five tailors, four farmers, six designers, and ten consumers, incorporating their insights and expertise to ensure feasibility and relevance.

Comprehensive Research

At the outset, a thorough investigation into the life cycle of jeans was conducted with the help of a circular economy butterfly diagram (Ellen MacArthur Foundation, 2023b). This helped to unveil the intricate web of environmental challenges and the continuous flow of material inherent in conventional jeans manufacturing and lifecycle. This comprehensive research served as a foundation upon which the sustainability strategy would be built. Through a deep analysis of the environmental impact, resource consumption, and waste generation, we gained valuable insights into areas that demanded transformative change.

Circular Opportunities

The aim to embrace circular economy principles was brought to life through dedicated brainstorming and ideation sessions. Involving all stakeholders – farmers, designers, tailors and customers, these sessions were a fertile ground for creativity and new ideas. The goal was to explore innovative approaches that would allow for the recycling and upcycling of jeans, thereby disrupting the traditional linear model of fashion production and consumption.

Engaging Stakeholders

The mission towards sustainability and circularity cannot be realized in isolation. Therefore, a vital aspect of the research was to actively engage and involve stakeholders at every step of the journey. From farmers to tailors, designers and customers, the solution would seek to create a cohesive community committed to sustainable living. Stakeholder engagement sessions allowed for open dialogue, shared insights and the alignment of collective efforts towards a shared vision of environmental responsibility. Discussions with stakeholders focused on multiple aspects, such as the feasibility of using agricultural waste in fabric production, the expertise required to create modular designs, and the business viability of upcycling and repair services. Farmers provided insights into sustainable cotton cultivation and waste repurposing, while designers contributed expertise on modular garment construction to extend product life. Tailors played a crucial role in testing the adaptability of marked jeans for upcycling, ensuring the ease of transformation into new products. Meanwhile, customer feedback helped us refine usability, incentivization, preferences in sustainable fashion, barriers to adoption, and the effectiveness of return models.

Solution Design

With sustainability as a cornerstone, the team envisioned a transformative upcycling process that would breathe new life into discarded jeans and promote their integration into a circular economy. Drawing insights from sustainable practices and technologies, this solution aimed to minimize waste, optimize resources, and restore a closed-loop system where jeans could be endlessly regenerated and repurposed.

Upcycling Jeans in the Circular Economy
Butterfly Diagram

It is crucial to grasp how we can recycle materials once they are no longer in use. The butterfly diagram illustrates a system of continuous cycles in a value chain (Ellen MacArthur Foundation, 2023b). The butterfly diagram illustrates a loop that depicts the continuous circulation of materials within a circular economy. These cycles are divided into two parts: the biological cycle, which deals with biodegradable materials and the technical cycle, which deals with non-biodegradable materials. In the technical cycle, products and materials are continually used and remain in circulation so that they do not become waste. The biological cycle includes materials such as food or cotton clothing that can naturally return to the environment, creating a regenerative cycle. These materials can go back into the system positively and safely, helping to rebuild and restore the natural environment. In Figure 5.2, the technical and biological cycle of our jeans is illustrated, derived from insights gained through secondary research. This framework allowed for a detailed examination of the materials used in the jeans, exploring possibilities for transitioning from a linear to a circular model. By doing so, the materials were examined at a granular level, contemplating how to integrate them into a circular system. This diagram serves as a tool for envisioning and strategizing the approach to circular opportunities in the future.

Circular Opportunities

Through collaborative workshop sessions, the full potential of the circular opportunities identified within butterfly diagrams was harnessed, thereby initiating the ideation process. This led to the development of a solution, which was referred to as FABIOinspired by the amalgamation of ‘Bio’ and ‘Fabric’. Following the analysis, the FABIO concept was designed with the objective of facilitating the seamless integration of innovative practices by strategically interconnecting stakeholders from farmers to designers and customers. This is illustrated in Figure 5.3. At its core, FABIO envisions a world where jeans are no longer seen as disposable items and are destined for countless lives through upcycling and regeneration. FABIO plays a pivotal role in the collection of food crop waste from farmers, a practice which has traditionally involved burning the waste, resulting in the emission of pollutants into the atmosphere. Now, this food crop waste will be utilized by the jeans manufacturing industry. FABIO’s circular economy employs recycled water and bio-fertilizers to cultivate crops by reusing the water, subsequently converting food crop waste into a valuable resource. Additionally, FABIO gathers seeds and lint from the cotton, directing them towards the oil production sector rather than discarding them. The utilization of the Agraloop technology enables the transformation of cotton and food crop waste into biodegradable fabric forms, which serve as the foundation to produce upcycled jeans (Circular Systems, 2023). Upon reaching the end consumer, FABIO offers solutions for upcycling the jeans, encompassing do-it-yourself (DIY) approaches, tailoring services, and other creative transformations.

Upcycling Jeans

By providing jeans with coloured lines on their inner side, as shown in Figure 5.4, FABIO empowers customers to embark on a personal journey of upcycling. With each upcycled pair of jeans, FABIO paves the way for a more sustainable and vibrant fashion future that empowers, uplifts, and regenerates the value of both garments and the planet.
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Figure 5.2 Butterfly diagram analysis of jeans.
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Figure 5.3 Circular opportunities of FABIO.
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Figure 5.4 Coloured lines for customers to upcycle jeans on their own in different product styles.

FABIO Mobile Application
FABIO centres around implementing a circular economy, effectively addressing the environmental challenges associated with traditional jeans manufacturing. The integration of circular opportunities and sustainable practices has the potential to reduce waste, conserve resources and empower stakeholders (Negrete-Cardoso, 2022). Beyond environmental preservation, FABIO’s unique upcycling solution fosters opportunities for tailors, farmers, designers, and the public, promoting sustainable practices throughout the fashion industry. Currently, the FABIO app is at the concept stage, with its framework and implementation strategies being explored through research and stakeholder engagement.

Do It Yourself and Tailor Support

Figure 5.5 shows the step-by-step process for customers to upcycle jeans through DIY. With simple cutting and stitching techniques along the marked lines, customers can transform their jeans into an array of new products, breathing new life into their wardrobe with each iteration. Through the FABIO app, customers can access tailored support for upcycling or venture into DIY projects, learning from tutorials to create unique products on their own. Such inclusivity not only empowers customers but also sustainably celebrates individuality and creativity.

Figure 5.6 shows the step-by-step process for customers which allows tailors to support customers directly. FABIO’s engagement with local tailors has created a network of skilled artisans who collaborate with customers in upcycling projects.

User Interface

With the help of Tailor Support, customers can place an order and convert their old FABIO jeans into exciting products, as shown in Figure 5.7. Tutorials and DIY projects are available on the FABIO app to help customers get creative. They can order the materials shown in the videos to upcycle their product. Customers can use the return option to send back their old FABIO jeans. In return, they will receive reward points.

As shown in Figure 5.8, users can showcase their designs at FABIO Events, such as exhibitions and workshops. These designs can also be featured on the FABIO app, motivating users and enhancing their unique fashion brand image. Customers earn rewards and discounts for every purchase and return, helping the environment through reward points while also motivating them.

Functional Components of FABIO

The following are the functional components of FABIO:


	Upcycling Made Easy: The FABIO app empowers users to upcycle their old denim jeans effortlessly. With user-friendly video tutorials and step-by-step guidance, anyone can transform their jeans into exciting and stylish products.
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Figure 5.5 A step-by-step process for customers to upcycle the jeans through DIY.
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Figure 5.6 A step-by-step process for customers to take Tailor Support.
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Figure 5.7 User interface for DIY and Tailor Support.


[image: ]
Figure 5.8 User interface for events and reward.


	Support from Local Tailors: For those who prefer professional assistance, the FABIO app connects users with local tailors specialized in denim upcycling. Tailors can help users create customized products, ensuring a perfect fit and design.

	Reward Points: The FABIO app appreciates sustainable efforts. Users earn reward points every time they upcycle their denim jeans. These can be redeemed for exclusive discounts, eco-friendly merchandise, or charitable donations.

	Material Marketplace: Find all the necessary materials for upcycling in one place. FABIO app hosts a Material Marketplace, offering a curated selection of sustainable fabrics, zippers, buttons, and more to enhance your creative projects.

	Shop Sustainable Denim: Discover a collection of pre-loved, high-quality denim jeans available for purchase on the app. By choosing sustainable denim, users contribute to reducing fashion waste and promoting a circular economy.

	Showcase Your Creativity: The FABIO app provides a platform for users to showcase their upcycled denim creations to the community. Participate in monthly planned events and stand a chance to get featured on the app as the top sustainable designer.

	Digital Sustainability: The FABIO app is designed with scalability in mind. It can easily integrate with other e-commerce platforms, ensuring its digital sustainability and accessibility to a broader user base.

	Eco-conscious Lifestyle: The FABIO app welcomes all denim enthusiasts, fashion-conscious individuals and eco-warriors who strive for a sustainable lifestyle. By embracing upcycling, users become advocates for a greener and more conscious approach to fashion.

	Social Media: Social media influencers have emerged as key players in promoting sustainable fashion. These platforms not only facilitate networking and communication but also foster circular entrepreneurship through avenues like second-hand product trading.



Discussion and Conclusion
FABIO’s circular economy model, shown in Figure 5.9, encompasses the entire jeans lifecycle, starting with sustainable farming practices that employ recycled water and bio-fertilizers. Food crop waste is collected and processed, providing farmers with additional income streams. Cotton spinning waste is channelled to the oil and cosmetic industries, optimizing resource utilization. Utilizing advanced Agraloop technology, FABIO converts cotton and food crop waste into biodegradable fabric, harmonizing fashion with sustainability. FABIO’s jeans manufacturing process embraces water efficiency and waste minimization, serving as a blueprint for eco-conscious apparel production.

FABIO plays a pivotal role in upskilling labour within the fashion industry, empowering not only farmers and tailors but also designers and customers. Through active collaboration, FABIO fosters a close-knit community of fashion influencers, uniting individuals committed to sustainable living. This not only reduces risks associated with environmental damage and pollution but also promotes risk mitigation strategies. Moreover, FABIO’s efforts extend beyond the fashion sphere, raising awareness within society about the importance of eco-conscious choices. In the realm of technology sustainability, FABIO excels in making tech solutions more efficient, exemplifying innovation in the pursuit of waste reduction and environmental conservation. In essence, FABIO’s impact spans multiple dimensions, from labour empowerment and community building to risk mitigation, societal awareness and tech sustainability, all contributing to the path towards sustainable fashion. Beyond mitigating environmental burdens, FABIO cultivates a mindful and responsible lifestyle among consumers, transcending transactions to forge a meaningful connection with the environment. FABIO actively rewards environmentally responsible actions, fostering a sense of responsibility towards the planet.
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Figure 5.9 Brand promise for FABIO.
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Chapter 6

Upcycling Carbon-Fibre Reinforced Polymer Matrix Composites: An Engineering Management Perspective

Abhishek Tiwary and Dazel Empe

Introduction
Carbon Fibre Reinforced Polymer (CFRP) has rapidly become a manufacturing essential over the last decade owing to its outstanding properties, including strength-to-weight ratio, low density, high chemical and fatigue resistance and favourable anisotropic mechanical properties, offering excellent design flexibility over its conventional metal counterparts (Yang et al., 2012; van de Werken et al., 2019). Its global abundance is expected to be massive, given the forecasted increase in its production, which is expected to reach around 190,000 tonnes annually by 2050 (Zhang et al., 2020). This is estimated to lead to a cumulative total of over half a million tonnes of CFRP waste by 2050; the majority of these waste piles will be located in North America and Europe (Lefeuvre et al. 2017). Cumulative CFRP composite waste from end-of-life aircraft and wind turbine decommissioning alone is expected to reach 100,000 tonnes per year, posing a long-term sustainability challenge for their conventional reuse in the transport/energy sector via existing fibre-based recycling industries (Meng et al., 2018; Sun et al., 2015; Jensen & Skelton, 2018). Therefore, the increasing use of CFRP and the consequent increase in the volume of composite waste generated has created a level of concern about its disposal method, requiring a new paradigm of composite waste reuse through upcycling.

The EU Waste Framework outlines five waste management strategies, arranged from most to least desirable, including prevention, preparing for reuse, recycling, other recovery, and disposal (DEFRA 2011). To date, sustainability engineering has largely focused on initiatives for stakeholders’ engagement in the implementation of the CFRP recycling sector in a sustainable way (Pillain et al., 2020). The heterogeneous nature of CFRP composites, however, makes it extremely difficult to determine an ideal recycling route. In addition, the cost of recycling these materials is generally high, with only a little market potential for the recyclates (Rybicka et al., 2016). Although the disposal (or landfilling) method offers the cheapest option for managing composite wastes, prevalent (and upcoming) policies and environmental legislation tend to make them the least feasible option (Rybicka et al., 2016). This opens a huge opportunity for upcycling of carbon-fibre composite materials in alternative manufacturing industries, specifically utilizing their lightweight and high-strength attributes in designing non-critical structures (Rodrigues et al., 2014).

Integrating sustainability studies in the decision-making process for reusing carbon fibres is increasingly being adopted from technical perspectives. Studies have investigated the economic and environmental performance of recycling system techniques (Pillain et al., 2020; Dahmus et al., 2008). There is rapid progress in innovative advanced engineering methods to enable high-performing materials to sustain similar or perhaps enhanced technical effectiveness of the recycled/upcycled CFRP product (Zhu et al., 2019). The upcycling of recycled carbon fibre, CFRP waste or prepreg carbon waste has already been evaluated in terms of its mechanical properties in the production of eco-efficient cement-based materials (Akihama et al., 1986; Akbar & Liew, 2020), the reuse and upcycling of thermoset prepreg scrap in the production of composite laminates (Nilakantan & Nutt, 2017) and cement mortar reinforcement (Nguyen et al., 2016). Nevertheless, to date, there is a clear lack of a management approach to match technological advancement to translate these innovations into real-world applications. This is essential to support the increasing levels of upcycling opportunities for CFRP in the future, including infrastructure development, logistics and upcycling technological advances. To this end, appropriate legislation on the recycling and upcycling of CFRP will also have a major impact on the use of composites. Current drawbacks in financing commercial scale applications are the inadequacy of infrastructure and the lack of markets (Conroy et al., 2006).

The overall aim of this chapter is to develop an understanding of the challenges and opportunities of upcycling carbon fibre composite materials. A PESTEL-SWOT analysis was conducted to identify the key political, economic, social, technological, environmental, and legal factors that influence the opportunities and limitations to the broader adoption of CFRP upcycling. This analysis incorporates both industry trends and evidence from the relevant literature. Thereafter, the outcomes and some recommendations will be made.

Methods
PESTEL-SWOT is an integrated strategic management approach that combines the concepts of a factor-based and a strength-based analysis. It is applied to screening-level evaluation of the strengths and weaknesses of implementing innovation projects (Srdjevic et al., 2012). PESTEL analysis is an audit of the factors (internal/external) affecting project implementation (Gray, 2016). PESTEL comprises a six-category system: Political (P), Economic (E), Social (S), Technological (T), Environmental (E) and Legal (L). Political factors represent the governmental (and intergovernmental) initiatives influencing policies and investments. Economic factors reflect segments that appear unique to the economy and how they directly influence the project. Social exhibits the demographic, socio-cultural and behavioural factors. Technological refers to the rate of technological advancements (or the lack thereof), such as research and development activities, automation, and incentives. Environmental points all the elements that concern environmental preservation. Legal specifies all the laws directly linked to the project. On the other hand, SWOT analysis is derived from the four-letter acronym representing the four key elements of strategic analysis: strengths (S), weakness (W), opportunities (O) and threats (T).

The factor extraction procedure involves the following two significant activities based on literature (Srdjevic et al., 2012): (i) a detailed SWOT/PESTEL analysis to identify the factors influencing a given system, their impacts, and their positive or negative effects on the system; and (ii) a criteria-based eliminating algorithm to filter the factors derived by SWOT/PESTEL to identify a non-inferior set of factors. As a first step, the factors were selected according to the type of influence across the PESTEL categories based on the literature survey. These PESTEL factors were then divided by SWOT analysis into two clusters. They were identified as internal and external factors according to the domain of their influence on the system – positive or negative. Subsequently, the algorithm for identifying a non-inferior set of factors employed an approach that prioritized factors that could enhance opportunities and mitigate weaknesses in the system.

The impact intensity scale applied to each factor was acquired from an expert elicitation workshop, ranging between 1–5 (1 = Very low, 2 = Low, 3 = Moderate, 4 = High, 5 = Very high). These outcomes of a PESTEL-SWOT analysis provide a list of factors useful for further analysis and for acquiring the decision measures in the multicriteria analysis (Srdjevic et al., 2012). PESTEL analysis includes the broad environmental context affecting the project and the changes that materialize in this context. SWOT analysis, on the other hand, interprets the intensity of these results for the project, identifying their strengths and weaknesses, opportunities and threats (Gray, 2016).

The scope of the integrated PESTEL-SWOT analysis in this chapter is to efficiently demonstrate both the positive and the negative aspects of developing an upcycling plan for CFRP composites. A proposed elimination algorithm filters out all given factors to identify the non-inferior factors and indicate these as candidates for the criteria set. In order to reach a solution to satisfy the goals, multicriteria instruments were employed in the forms of compensational and not-compensational methods, utility theory and other practices. The first step mainly analysed the system using the PESTEL factors. This involved assessing their impact over time (short-, medium- or long-term), by its type (positive or negative) and by dynamics (importance of the increasing, decreasing or unchanged implications) using SWOT (Gray, 2016). The second step covered the recommendations for improvement of the implementation, such as how to increase strength, lessen the weaknesses, capitalize on opportunities and mitigate identified threats (Srdjevic et al., 2012).

Results and Discussion
Trends from PESTEL-SWOT Analysis

Table 6.1 lists the key political, economic, social, technological, environmental, and legal factors influencing both the opportunities and limitations to the broader adoption of CFRP upcycling. The last two columns of the table show the SWOT outcomes, respectively indicating the directions of impact (+/—) and their intensities (scale of 1–5, showing low-to-high) across the different factors identified. The analysis reveals the following trends.


	Political: (i) direct role of government investments in supporting the research and infrastructure development initiatives; (ii) indirect role of climate change levy in discouraging CFRP landfill; and (iii) strong effect of lobbying from influential organizations to bring the level of acceptance of upcycled goods at par with virgin materials.

	Economic: The lack of an established market represents the most significant challenge yet simultaneously presents an opportunity for the value generation potential of upcycling. This is derived from the reduction in the high recovery costs of recycled CFRP and the manufacturing of virgin fibres. The incentives for avoiding costs from waste disposal levy and the contributions to corporate sustainability goals are common to those of CFRP recycling.

	Social: The potential for job creation and social responsibility (i.e. improved citizenship) from reduced waste disposal and the subsequent damage to the environment are identified as the key factors leading to public endorsement.

	Technological: The shortcomings of the current technology base, the dearth of skilled personnel, and the uncertainty surrounding the costs of advanced upcycling techniques represent the most significant obstacles to the advancement of upcycling. Nevertheless, the potential for technological innovation in CFRP upcycling to facilitate the emergence of new markets, extending beyond the current applications of CFRP in the manufacturing and transport sectors, is considerable.

	Environmental: The factors identified in this category have a significant positive impact on the broader adoption of CFRP upcycling. In particular, the offsetting of demand on virgin carbon fibres (its associated primary resource, energy, and waste disposal demands) and the alternative to hazardous chemical-based recycling represent the key environmental opportunities from upcycling.

	Legal: The legislation on CFRP recycling is still evolving, never mind the added complexities of including upcycling legislation, which may be only determined once prominent routes to CFRP upcycling become established. While the ‘polluter pays’ principle applicable to CFRP recycling can be extended to upcycling, it may not be widely accepted by the parent manufacturing companies owing to their limited end-use potential in their existing product range.



Based on the PESTEL-SWOT analysis, environmental factors are one of the most critical determinants affecting the reuse (recycling and/or upcycling) of CFRP wastes. When carbon fibres are recycled/reused to displace virgin carbon fibres, the impact is directed to virgin carbon fibre production avoidance (or minimization). These avoided impacts serve as the benchmark for defining the level of the environmental advantage (Witik et al., 2013). It is notable that most of the available literature on CFRP reuse still focuses on recycling. In some cases, the term upcycling has been blended with recycling, with no specific distinction in the approaches adopted. Only a small number of papers have exclusively covered the upcycling aspect of CFRP reuse. This demonstrates that while CFRP recycling has dominated the research landscape, with operational advancements over the past decade, the upcycling aspect is still in its infancy. Nevertheless, there appears to be an emerging shift in the role of upcycling to balance the environmental pressure from rapidly growing CFRP waste burdens (and the inadvertent release of pollution from some of the prevalent recycling techniques) with the value generation potential at a relatively lower processing cost compared to expensive recycling techniques.

Limitations to upcycling of carbon fibre and recommendations

While recycling techniques have become more prevalent, ranging from conventional to advanced processes, the concept of upcycling is still relatively new. There is currently a lack of clearly developed upcycling routes (mainly infrastructure, supply chain and logistics) linked to other material industries, as well as the insufficiency of end products and their market demand. Also, the legislation concerning recycling is mainly geared toward the process industry for recovery and utilization of composites in the parent industry (European Council, 2000) rather than their upcycling into new products. It is still unclear what type of recyclate can generate the most lucrative market for recycled CFRP waste (ibid.), let alone the new challenge of determining their upcycling potential. The uncertainties in commercial-scale applications (infrastructure and markets) for upcycled products have resulted in a lack of an adequate financing structure for entrepreneurs (Conroy et al., 2006).

A further significant challenge associated with the upcycling of CFRPs is the effective identification and separation of multiple material constituents, particularly in composites with heterogeneous structures (Rybicka et al., 2016). CFRPs heavily utilize cross-linked thermoset polymers as a matrix, which cannot be melted or remoulded. It is common practice to combine CFRPs with other types of reinforcements, such as glass and aramid fibres, core materials, metallic inserts and paint, resulting in a complex multiphase of waste types. This poses a technological challenge for the separation of CFRP from the other waste types before their further upcycling (Witik et al., 2013).

Academic research is primarily focused on different recycling techniques to recover carbon fibres extensively. However, the role of government in enforcing policies plays a vital role. Strategies such as implementing substantial levies on composite industries for environmental degradation are directing the composite market towards the closure of the life-cycle loop of carbon fibre wastes through the implementation of sustainable recycling practices. While there is a push for the replacement of virgin fibres with recycled carbon fibres, there is also an urgent need to determine commercially viable recycling/upcycling methods in industrial-scale processes and their adequate management structures (Meng et al., 2020). The latter is needed for the establishment of CFRP upcycling on a large industrial scale to be consistently operated as an economically viable and sustainable system across all stages – recovery, transportation, separation and manufacturing of the upcycled product/s.
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From a management perspective, the following are recommended to develop a viable CFRP reuse system, addressing some of the above-identified issues. A framework approach to sustainable CFRP reuse is required, with a focus on balancing recycling and upcycling techniques. This would necessitate the convening of disparate stakeholders, including suppliers, recyclers/upcyclers and researchers, with the objective of achieving a unified understanding of the current technological landscape and charting a course for future advancement in this field. In order to achieve the desired outcome, it will be necessary to ensure close collaboration between the waste suppliers, logistics and the supply chains involved. In sectors such as the aviation industry, where the majority of CFRP consumption is generated, there is a clear need for a more stringent legislative framework to ensure that private organizations are compelled to comply, regardless of the presence or absence of any incentive. In contrast to the automotive industry, there is currently no legislative directive on aircraft recycling.

Conclusion
This chapter implemented an integrated PESTEL–SWOT analysis to identify the key political, economic, social, technological, environmental and legal underpinnings of CFRP upcycling. A synthesis of the positive and negative aspects of the subject matter, in conjunction with an analysis of industry trends and a review of pertinent literature, reveals that environmental factors represent one of the most significant determinants influencing the reuse (recycling and/or upcycling) of CFRP wastes. Nevertheless, while the recycling of carbon fibre is advancing rapidly, this process comes at a significant economic and environmental cost. Recommendations based on this analysis show the need for a clearly developed upcycling route (mainly infrastructure, supply chain and logistics) linked to other process industries, as well as the creation of market demand for the upcycled end products. Furthermore, an analysis of the extant literature reveals that the prevailing sustainability evaluation framework for CFRP waste reuse is predominantly focused on recycling, with the objective of facilitating the recovery and utilization of carbon fibres in the parent industry, thereby reducing the reliance on virgin resources. In contrast, there is a paucity of literature on accounting for the attributes associated with the upcycling of CFRP waste into new products. Further investigation is required to assess the cost–benefits of different upcycling initiatives to provide a sustainable solution for the re-utilization of growing CFRP waste volumes.
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Chapter 7

Circular Economy Solutions for Solar Photovoltaic Panels: Review and Future Research for UK Scholars

Kyungeun Sung, Yi Zhong and Patrick Isherwood

Introduction
There is widespread consensus that anthropogenic climate change is one of the most pressing issues facing humanity. It is mainly caused by the burning of fossil fuels, including coal, oil and natural gas (Witzel & Seifried, 2013; Tingem & Rivington, 2009). The burning of fossil fuels provides 80 per cent of the world’s energy. However, it also emits several additional greenhouse gases into the atmosphere, primarily carbon dioxide (CO2), which is leading to an increase in the Earth’s average surface temperature and has already been linked to an observed increase in the number and severity of natural disasters such as hurricanes, typhoons and rising sea levels (Kaygusuz, 2001; Quaschning, 2014). Global energy consumption is increasing significantly to meet the energy needs of a growing population, but current fossil fuel reserves, particularly oil and gas, will be depleted by the end of the twenty-first century (Kannan & Vakeesan, 2016; Quaschning, 2014). All this is driving the need to explore renewable energy sources that have the potential to meet global energy needs without harming the climate (Panwar et al., 2011; Twidell, 2021). Renewable energy has become increasingly important not only because of climate change but also, more recently, the energy crisis (Farghali et al., 2023). As a form of renewable energy, solar energy has significant advantages in terms of availability, cost-effectiveness, accessibility, energy security, capacity and efficiency, as it is abundant, non-exhaustible, free to exploit, affordable, clean and widely applicable in different scenarios (Schlamadinger et al., 1997; Nozik, 1978; Lewis, 2007). Solar energy, particularly photovoltaics (PV), had the highest annual growth rate of all renewable energy capacity in 2013 and is likely to become one of the main pillars of the global energy supply this century (Bakhiyi et al., 2014; Quaschning, 2014; Raturi, 2019).

Over the past few decades, PV has boomed in many countries and regions and is expected to continue to grow (Weckend et al., 2016). The six regions with the highest installed solar PV capacity are China, Europe (excluding Germany), North America, Japan, Germany and India (Fraunhofer Institute for Solar Energy Systems, 2023). The flourishing of PV in some of these countries is linked to financial incentives from their governments to encourage adoption (Richter, 2013). In the UK, for example, PV installations have proliferated under the influence of financial support for utilities (2010–2019), driving the transformation of the UK power sector in combination with its leading offshore wind technology (International Energy Agency, 2019). The UK government stated that a low-cost, net-zero emissions system in the UK could consist mainly of wind and solar power (HM Government, 2020). Despite the promising potential and rapid development, several stages of the PV lifecycle have a negative impact on the environment. This includes production, operation and end-of-life.

During the manufacturing phase, silicon production relies on high energy consumption (both in the extraction of silicon from silica and the conversion of metallurgical grade silicon to solar grade silicon). This energy comes mainly from the combustion of fossil fuels, contributing to greenhouse gas emissions, toxic chemical emissions and wastewater (Greenwood & Earnshaw, 2012; Ausland & Rong, 2020; Ramírez-Márquez et al., 2020). Silicon waste in the process of slicing solar-grade silicon into silicon wafers is typically over 40 per cent (Compaan, 2006). During the operational phase, the environmental impact is relatively low. However, some large-scale solar installations can have a negative impact on local habitats, such as destroying local wildlife habitats, disrupting local irrigation or livestock systems, or occasionally polluting nearby groundwater sources (Stoms et al., 2013; Aman et al., 2015). During the end-of-life phase, many damaged photovoltaic panels are sent to landfill as waste without any recycling, potentially damaging soil and groundwater (Kang et al., 2012; Bakhiyi et al., 2014). The mixed plastics used in solar panels are difficult to recycle (Xu et al., 2018). End-of-life management of PV modules is becoming increasingly important due to the increasing levels of waste. Solar panels typically have a lifespan of 20–30 years, and as the global PV market grows, the number of end-of-life PV panels will increase, creating a new form of environmental pollution (Bakhiyi et al., 2014; Weckend et al., 2016). In 2014, electronic waste amounted to 41.8 million tonnes, of which PV waste accounted for just 0.1 per cent. However, PV panel waste could exceed one-tenth of total electronic waste by 2050 (IRENA, 2016).

Recognizing both the benefits and challenges/issues of solar panels, this chapter examines available solutions to make the PV lifecycle more environmentally sustainable in line with upcycling (i.e., creative reuse, repair, refurbishment, remanufacture, recycling, etc.) and the circular economy – an alternative to the traditional, linear economy of take, make, use and dispose, making the material flow circular, slowing down the material flow/circulation, and closing the material loops (Stahel, 2016; Ellen MacArthur Foundation, 2016). This review focuses on addressing end-of-life management as a critical challenge.

Context: UK and the Circular Economy Potential
PV manufacturing in the United Kingdom is relatively small, with most processes taking place outside the country. The industry is largely dependent on imports to supply modules, particularly from China (GOVUK, 2013). The UK government has provided financial support for the development of PV modules as well as module installation (International Energy Agency, 2019; GOVUK, 2013). Based on historical cumulative installed PV capacity, it is estimated that the amount of end-of-life PV panels in the UK will be between 30,000 and 200,000 tonnes by 2030 and 1 to 1.2 million tonnes by 2050 (IRENA, 2016). For end-of-life PV panels, the UK was one of the first countries to accept the European Union’s categorisation of waste PV components as E-waste under Waste Electrical and Electronic Equipment (WEEE) legislation and to require all key data to be provided for imported panels (European Union, 2012; IRENA, 2016). The UK’s WEEE Directive includes photovoltaic panels as a separate category and encourages the recovery, reuse and recycling of waste products and components (UK Government, 2021). PV producers/suppliers in the UK are usually responsible for funding the collection of B2C (Business to Consumers) PV panels and for funding the collection and recycling of B2B (Business to Business) PV panels (UK Government, 2023; IRENA, 2016). Although e-waste must be treated in accordance with the principles of the UK WEEE legislation, in practice, end-of-life PV modules are more likely to be treated in other central European countries due to the lack of available high-quality treatment facilities in the UK (IRENA, 2016).

Although the growth of solar waste may pose environmental problems in the future, it could also present several opportunities for value creation from a circular economy perspective. The circular economy is a restorative and regenerative system in which resource use, waste, emissions and energy leakage are minimized by slowing down, closing and narrowing material and energy loops. This can be achieved through durable design, maintenance, repair, reuse, remanufacture, refurbishment and recycling (Geissdoerfer et al., 2017). The circular economy emphasizes cradle-to-cradle upcycling processes, such as end-of-life PV panel components becoming resources without loss of quality and being used to make new products (Contreras-Lisperguer et al., 2017). In particular, recycling end-of-life solar panels can effectively conserve natural resources and reduce production costs (Xu et al., 2018). Using components recovered from decommissioned solar panels can save two-thirds of the energy used in the original production process (Aman et al., 2015). There are several materials from end-of-life solar panels that could bring huge economic benefits by 2030. For example, silicon (estimated at around 30,000 tonnes) has a potential value of around $50 million in the secondary materials market and could be used to make at least 45 million new panels. Silver (approximately 90 tonnes) has a potential value of $180 million and could be used to make up to 50 million new panels. Aluminium (approximately 75,000 tonnes) and copper (about 7,000 tonnes) have a combined potential value of up to $140 million, and glass (approximately 960,000 tonnes) has a potential value of over $28 million (IRENA, 2016).

The majority of PV modules that are currently recycled are typically those that were defective at the time of manufacture and/or have been damaged during transport, installation, or operation (Tao & Yu, 2015). There are currently not many end-of-life PV panels in the UK, and the PV panel recycling market is likely to remain small in the immediate future (IRENA, 2016). However, there will be a dramatic increase in the number of end-of-life PV modules in the coming decade. Industrial-scale facilities for the treatment of end-of-life PV modules are scarce at present, and the current ideal recycling process remains technically and economically challenging (Tao & Yu, 2015). Therefore, the potential value of end-of-life PV modules and the potential environmental risks highlight the need for immediate attention to the development of PV module recycling facilities and processes in the UK. This will be in line with the UK’s national strategic goals since the UK Government released a Clean Growth Strategy in 2017 with a series of policies and proposals to meet their emission reduction goals (UK Government, 2017) and launched a Circular Economy Package in 2020, identifying steps for the reduction of waste, reaffirming the ambition to recycle 65 per cent of municipal waste by 2035, and aiming to move towards a more circular economy (UK Government, 2020).

Recycling of PV Panels
A typical solar energy system consists of solar panels and an inverter for grid connection (Xu et al., 2018). Crystalline silicon (c-Si) accounted for over 90 per cent of global PV production in 2022 (Fraunhofer Institute for Solar Energy Systems, 2023). A typical c-Si solar panel comprises an aluminium frame, silicon cells, a junction box, a glass front sheet, a glass or polymer back sheet, and a laminate encapsulant, usually EVA (ethylene vinyl acetate) (Wang et al., 2022; Deng et al., 2019). A c-Si solar panel has six materials with recycling potential: (i) glass (69–75% weight percentage in a module) which has relatively low economic value; (ii) aluminium (10–20%) with medium value; (iii) copper (4.4–7%) with high value; (iv) silicon (2–3%) with high value; and (v) silver (0.006–0.08%) with high value (Wang et al., 2022). While glass and aluminium make up a large proportion of recycled PV panel materials, copper, silicon and silver have a higher economic value. Reclaiming silicon wafers is deemed to be the most significant challenge among these materials, given that their manufacturing cost comprises 65 per cent of producing silicon cells, which, in turn, contribute to 60 per cent of the total PV module manufacturing cost (Calì et al., 2022; Kang et al., 2012). Recovering silicon from recycled solar panels could save a third of the energy and cost compared to direct silicon manufacturing (Choi & Fthenakis, 2010). Despite only accounting for a small percentage of PV panels, silver has a high economic value and limited future supplies, highlighting the significance of silver recovery and recycling (Kuczyńska-Łażewska et al., 2018; Sverdrup et al., 2014). The recovery of silicon and silver can be regarded as the two high-priority areas for recycling to attain a significant level of economic sustainability.

The technologies and techniques required for the recycling of PV modules have largely been developed at laboratory scale but have not been scaled up until recently (Chowdhury et al., 2020; Tao & Yu, 2015). Australia appears to have some emerging solar waste management and recycling companies, such as PV Industries in Sydney and Pan Pacific Recycling in Crestmead. The recycling process for a c-Si PV module typically starts with the removal of the aluminium frame and junction box (Olson et al., 2013). The frameless module undergoes decontamination and subsequently goes through the processes of delamination and recovery of silicon and other valuable components (Isherwood, 2022; Wang et al., 2022). Module delamination de-bonds EVA from the module, making it easier to recycle silicon, glass and other valuable materials. This is typically achieved through a combination of mechanical, thermal and chemical processes (Isherwood, 2022; Wang et al., 2022; Tao & Yu, 2015). Mechanical delamination could be used, for example, in abrasive machining under cryogenic conditions and electrostatic separation. However, based on this process, the recycled silicon is of low purity and cannot be reused in the production of new silicon wafers (Zhang et al., 2013). For thermal delamination, a two-step heating process could be used to burn the EVA and obtain a direct reuse glass under a well-controlled temperature (Wang et al., 2012; Fiandra et al., 2019). Many of the thermal processes require more than two stages to eradicate the EVA and require an additional process to recycle the silicon wafers, resulting in high costs, energy consumption and harmful gas emissions (Tao & Yu, 2015). For chemical delamination, typically nitric acid, solvents or solvents coupled with ultrasonic irradiation are used to dissolve EVA, including the use of organic solvents (Kang et al., 2012). Some of these chemical processes either require a prolonged treatment time or need to be combined with additional mechanical and thermal treatments to eradicate the EVA, resulting in negative environmental impact due to the use of large quantities of chemical reagents (most of which are toxic) and the waste fluids produced. Most of the aforementioned delamination processes are still in the research phase due to significant environmental concerns, such as high energy costs, toxic gas emissions, and chemical waste disposal (Tao & Yu, 2015). In addition, EVA swells quickly during thermal or chemical processing and can lead to degradation and breakage of the silicon cells (Yu & Yang, 2013). Further research is needed to improve the effectiveness and economy of processes or technologies for removing EVA and recovering undamaged silicon wafers and glass. Although the technologies required to remove EVA are a critical part of the development of methods (Xu et al., 2018), some other research directions have also been suggested, such as the development of environmentally friendly alternatives to current polymer materials or the development of technologies to recycle the polymer materials (EVA or back-sheet) (Isherwood, 2022). More recent studies have explored alternative options, such as using TPO (Thermoplastic Polyolefin) instead of EVA (Schnatmann et al., 2022) or laser irradiation method instead of any thermal or chemical processes (Li et al., 2022).

After module delamination, the silicon is separated from the other bulk materials but is still aggregated with the metal current collection layers, anti-reflection coating materials and dopants. Consequently, further treatments are required to purify the silicon to achieve high-grade material (Xu et al., 2018). Where silicon can be removed as complete wafers, etching and leaching have proven to be effective purification methods, for example, alkali-acid leaching baths to remove copper, lead, silver, aluminium and dopants from the silicon (Eshraghi et al., 2020; Tao & Yu, 2015). Several etching processes with varying solutions were tested, which demonstrated that the recovered silicon cells could have a good efficiency of 13–15% without an anti-reflective coating (Klugmann-Radziemska et al., 2010; Klugmann-Radziemska & Ostrowski, 2010). Some wafer recovery and reprocessing techniques can produce solar-grade silicon, but the expense of recovery makes it less economically viable (Calì et al., 2022). As PV technology has developed, silicon wafer thickness has decreased; preventing them from breaking during recycling may become increasingly challenging (Heath et al., 2020; Domínguez & Geyer, 2019; Wang et al., 2022). In terms of recovery of other valuable materials, a leaching solution could be used to dissolve silver, lead, copper and tin. These materials can then be recovered using techniques such as electrowinning (Huang et al., 2017). Overall, the recovery of materials from end-of-life PV modules has potential environmental and economic benefits. However, the potential negative environmental impacts of the chemicals required and the potentially expensive and complex processes involved require further consideration (Mahmoudi et al., 2020; Ardente et al., 2019; Padoan et al., 2019).

In addition to recycling the valuable materials from end-of-life PV modules, redesigning the end-of-life PV modules to make them easier to recycle or longer lasting could also be an alternative way to achieve a circular economy. Redesigning PV modules to make their components easier to recycle or reuse has potential benefits in both environmental and economic terms when compared to the complex material recycling process of end-of-life PV modules (Tao & Yu, 2015). For instance, a novel double encapsulation module with an optical coupler has been proposed for relatively quickly recyclable silicon cells from end-of-life PV modules and reducing the electrical performance loss compared to the standard encapsulation scheme (Li et al., 2011). Optimal and convenient materials, geometries and tolerances for the couplings between layers and components in PV panels have been identified to find the best current, efficient and effective solutions for recycling end-of-life panels and to improve panel durability (Calì et al., 2022).

Other Circular Economy Solutions for Solar PV Panels
Recycling is the most researched of the circular economy solutions (or upcycling options) for PV panels to date, as it is generally considered to be the most viable option when the panels reach the end of their life. This is largely a function of their design, which can make repair, reuse, refurbishment, etc. difficult (Weckend et al., 2016; Gobbi, 2011; Komoto et al., 2018). However, focusing on recycling as the only viable option is short-sighted and will not lead to a reliably circular PV industry. This would go against the basic idea of the circular economy, which is that products should be used for as long as possible, with recycling being the last resort (El-Khawad et al., 2022). As circular economy solutions in general, there are 10Rs of sustainability, including 6Rs which embeds 3Rs (Bag et al., 2021; del Río et al., 2021). 3Rs are (i) reduce, (ii) reuse, and (iii) recycle while 6Rs have additional (iv) refuse, (v) rethink and (vi) repair (Sakthivel et al., 2021; Potting et al., 2017). The four additions to 10Rs are (vii) refurbish, (viii) remanufacture, (ix) repurpose, and (x) recover. In 3Rs: (i) reduce is optimizing and decreasing the consumption of natural resources in manufacturing, and (ii) reuse is utilizing discarded PV modules that are still in working condition. In 6Rs: (iv) refuse means rejecting harmful processes or proposing sustainable alternatives; (v) rethink is restructuring and optimizing the design and life-cycle planning of PV modules, and (vi) repair is maintaining defective PV modules to their best possible functionality. In 10Rs: (vii) refurbish means restoring older PV modules to the highest technical specification possible; (viii) remanufacture means utilizing discarded parts in manufacturing new PV modules and technologies; (xi) repurpose means utilizing discarded parts in manufacturing new products for a different purpose (other than PV panels); and (x) recover means optimizing processes to recover as many materials and energy as possible (Rabaia et al., 2022). In terms of end-of-life management, typically, out of the 10Rs, the repair and reuse strategies are the most favourable, followed by refurbishing and remanufacturing, then recycling and, lastly, incineration and/or landfill (Mathur et al., 2019).

Although repair is the most favourable end-of-life management strategy for the circular economy, traditional solar PV modules are often not readily repairable. The design is a plug-and-play solution, and the end users are rarely able to repair the panel in the event of damage (Majdi et al., 2021; El-Fayome et al., 2023). As the fundamental issue is the embedded irreparability, new designs and innovations are essential for future solar panels, such as development of a modular design with the ability to replace any parts in case of damage without the need to replace the entire panel (Majdi et al., 2021), or novel robust encapsulation design which nonetheless provides easy and direct access to individual components for repairs, upgrades, or modifications (El-Fayome et al., 2023). For the current panels, a sensing and repair system could be utilized to detect the state of each cell in the module and reconfigure connections between them (e.g., a memristor-based sensing and repair system as a modular solution that could be potentially embedded inside a solar panel, leading to a self-healing device) (Gnoli et al., 2021). To detect PV panels with faults requiring repair or replacement, thermal imaging processing software based on artificial intelligence technology could be used for preventative maintenance (Constantin et al., 2023). The recently suggested non-contact soldering method could be a viable option for fixing damage to solar panel interconnections. This method does not compromise the performance of the solar cell while generating a solder connection without cracks during extended exposure times (Goodarzi et al., 2023).

Reuse represents another most advantageous practice for the circular economy. Many decommissioned solar panels remain functional but are significantly less efficient than modern technologies, limiting reuse purposes due to the considerable increase in efficiency in recent years (El-Khawad et al., 2022). However, the experimental case study of reusing abandoned solar panels as a power supply for mobile phone charging stations and signal boosters in an off-grid agricultural village in Indonesia (Pandyaswargo et al., 2022) shows the potential for reuse of PV modules in similar situations. In the case of panel reuse, they must be certified with, for example, an electrical compliance certificate or an equivalent certification (providing information about the capacity and age of the second-hand panels) for the safe and efficient operation of used panels (Majewski & Dias, 2023). The same applies to the refurbished or remanufactured panels as well. Currently, there is no second-hand panel recertification standard, which is the major problem. Repair, reuse refurbishment and remanufacturing of waste modules encounter limitations in discovering a local market, decreased efficiency, shortened lifetime, and inconsistency with current quality and safety standards (Tao et al., 2020). In particular, the acceptance of reused, refurbished, or remanufactured (RRR) products is a crucial issue, as consumers may expect consistent power output and high-efficiency rates. It is also known that consumers tend to be sceptical towards RRR products in general (Wallner et al., 2020). As RRR solar panels are still uncommon on the market, there remains a lack of understanding regarding consumer acceptance and purchase behaviour (El-Khawad et al., 2022). It would also be crucial for suppliers of RRR products to furnish sufficient information and data substantiating any claims regarding the efficacy and safety of such products to overcome the market challenges. This is where a standard would help, too, by providing a minimum standardized guarantee of quality and lifetime.

Despite the availability of some promising options, the PV industry continues to employ a take-make-use-dispose approach (Salim et al., 2019; et al., 2021). This is due to issues in the PV value chain, such as no design consideration for re-x processes, no product service system, geographically limited take-back plans, a lack of communication throughout the supply chain stages, a lack of plans for voluntary product circulation by customers, informal recyclers, limited dedicated PV dismantling facilities, delay of effective end-of-life management planning, and landfill costs currently cheaper than dismantling (Rabaia et al., 2022). Therefore, industry stakeholders need to consider: (i) designing future solar panels to ensure easy and affordable re-x processes, (ii) exploring the option of a product as a service (El-Khawad et al., 2022), (iii) providing a product stewardship scheme or extended producer responsibility; (iv) banning landfills for solar panels (e.g., Australia, EU, UK) (Majewski et al., 2021); and (v) exploring the life cycle symbiosis (extension of industrial symbiosis to identify waste streams with value as potential raw material/feedstock, through the development of collaborative business/economic interactions among a diverse set of organizations) (Mathur et al., 2020). To address the challenges faced in the PV industry’s value chain, effective collaboration between parties is essential for achieving circularity (e.g., producers, importers, dealers, system operators, waste treatment companies, and end users) (Sica et al., 2018).

Discussion and Conclusion
Considerable research and development activities have focused on material savings, panel efficiencies, forward-flow supply chain perspectives, and recycling, mainly from a technological point of view, with little regard for circular design, circular business models and PV re-x processes other than recycling (Franco & Groesser, 2021; Sica et al., 2018; Rabaia et al., 2022). While acknowledging the significance of circular design in general, designing new PV modules for the circular economy may not be the most beneficial course of action for UK scholars for further research due to its relatively small PV manufacturing base. Circular business model development, on the other hand, is a highly relevant and crucial area that the UK’s future researchers should focus on, particularly with regard to various re-x processes (as part of upcycling). To maximize usability and minimize the misuse of PV waste, thorough and in-depth research should be conducted to establish the criteria for classifying the different conditions of end-of-life PV modules (Rabaia et al., 2022).

Although there has been extensive research on recycling PV modules globally, the UK currently relies on treatment in other central European countries due to the lack of high-quality treatment facilities in the UK. Therefore, future research should prioritize understanding the current status quo of the PV value chain in the UK, benchmarking the best practices in central Europe for potential replication in the UK, and developing ready-to-deploy pathways with reproducible processes and supply chain systems with a usable classification and recertification system for PV module waste. The process of benchmarking, potential replication of the best practices and development of ready-to-deploy pathways should involve the UK’s PV industry stakeholders as key partners for co-design and co-development of the UK’s recycling system. For the establishment of the recycling system/facilities, one should prioritize the recovery of silicon and silver (for economic sustainability) and focus on scaling up the best practices from the lab scale while improving the effectiveness and economy of processes/technologies. Testing and proving economic viability and minimizing the negative environmental impacts of the technology/facility are critical to the process.

Along with the development of the recycling system in the UK, the potential of other re-x processes could be explored. For example, what repair options are viable for large-scale or domestic installations in the UK? What kinds of reuse of end-of-life PV modules could be economically feasible in the UK? How could we certify reused/refurbished/remanufactured PV modules in the UK? What would be the recertification standard, process and criteria? What should be the minimum threshold for ensuring the safe and efficient operation of used panels? What potential options exist for repurposing PV waste in the UK? How can PV waste be reused for purposes beyond the PV value chain? (e.g., for building/construction materials or street furniture). How can we address the limitations of RRR PV panels, such as market discovery, reduced efficiency, shortened lifespan and potential consumer reluctance to accept RRR products? Despite the limited review of the existing literature, this chapter recognizes the crucial advancements in circular economy solutions for solar PV panels, offering a review contextualized within the UK framework and outlining potential areas for future research by UK scholars.
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Chapter 8

Integrating Upcycling into Urban Infrastructure and Built Environment Design: A Strategic Approach to Waste Reduction and Resource Conservation

Nnyaladzi Tema and Benjamin Bolaane

Introduction
Upcycling waste has emerged as a transformative strategy within sustainable urban development, offering a practical solution to the dual challenges of waste reduction and resource conservation. Unlike conventional recycling, which often results in downcycling – where materials lose their quality and value over time, upcycling retains or enhances the material’s properties, thereby extending its lifecycle and improving overall sustainability. Within the context of urban infrastructure and the built environment, upcycling plays a pivotal role in minimizing construction and demolition waste while fostering innovation in material reuse. By embracing upcycling principles, urban planners, architects and policymakers can advance the circular economy models that prioritize waste-to-resource conversion, ultimately contributing to enhanced environmental resilience and long-term sustainability.

Urban infrastructure is the cornerstone of the urban built environment, serving as the foundation for economic, social, and environmental activities. It encompasses a wide array of physical structures and systems, such as transportation networks, utilities (water supply, waste-water management, sanitation, and electricity), communication systems and public spaces, all of which are vital for the functioning of urban areas (Bigio & Dahia, 2004). The economic potential of infrastructure is vast; it not only supports economic activities but also drives them, thereby enabling the efficient movement of goods, services, and people. Access to reliable utilities such as electricity and water is fundamental for industrial development, facilitating the effective operation of businesses and industries (Arimah, 2017). Furthermore, well-designed urban infrastructure is integral to improving residents’ quality of life and promoting social inclusion. Access to essential services such as clean water, sanitation, healthcare and education, contributes to better health outcomes and enhances overall well-being (Asikhia & Uyoyoghene, 2011). Public spaces, parks, and recreational facilities also play a vital role in fostering community engagement and social cohesion.

Sustainable urban infrastructure is increasingly recognized for its ability to mitigate environmental impacts and promote resilience to climate change. For example, efficient public transportation systems can alleviate energy consumption, traffic congestion and air pollution by encouraging the use of mass transit over private vehicles. Green infrastructure, such as rain gardens and permeable pavements, can manage stormwater runoff and reduce the urban heat island effect. Additionally, equitable access to infrastructure services, particularly in underserved areas, is an effective tool for reducing social disparities and promoting inclusivity. Investments in these areas, including improved transportation, healthcare facilities, and affordable housing, can address socioeconomic inequalities and enhance social mobility, contributing to the creation of more resilient and equitable urban environments.

In the context of developing countries, urban infrastructure plays a critical role in supporting sustainable development goals and enhancing the quality of life for rapidly urbanizing populations. Over the past few decades, many developing nations have witnessed substantial migration to urban centres in search of better opportunities, creating a pressing need for robust infrastructure to accommodate this growth (Green, 2014). Among the most urgent priorities are investment in water and sanitation infrastructure which are critical for public health and environmental sustainability, particularly in areas with relatively arid climates. Similarly, improvements in transportation infrastructure, including road networks and public transit systems, are necessary for reducing congestion, improving economic productivity, and fostering social mobility (Lem, 2002).

In many developing nations, there is also a growing interest in renewable energy sources, particularly solar power, to diversify energy supplies and reduce dependence on fossil fuels (Saad et al., 2024). Furthermore, as the world becomes increasingly interconnected, the importance of digital infrastructure – such as broadband internet and telecommunications networks cannot be overstated. These investments are essential for promoting innovation, education and access to information, and for ensuring economic competitiveness and social inclusion (Xu et al., 2019).

Given these considerations, prioritizing investments in urban infrastructure is essential for advancing sustainable urban development. By enhancing access to and improving the quality of urban infrastructure, developing countries can unlock economic growth, improve social well-being and build resilient communities capable of withstanding future challenges. Through the integration of upcycling practices, urban infrastructure can evolve into a more resource-efficient, sustainable, and innovative model, contributing to a more circular and regenerative urban system.

Urban Planning, Design and Infrastructure Provision
Urban planning and design plays a pivotal role in determining how effectively upcycling can be integrated into infrastructure development. Through urban layouts, streetscapes and public spaces, cities can embed upcycled materials to create resilient, resource-efficient and aesthetically appealing environments. For instance, pathways constructed from reclaimed bricks or seating areas designed with repurposed timber exemplify how upcycled materials can merge functionality with sustainability. Incorporating upcycling principles into urban planning not only minimizes landfill dependency but also strengthens the circular economy model, enabling cities to thrive while reducing their environmental footprint.

Key planning tools, such as zoning, compact urban design and recycling infrastructure, provide a robust framework for embedding upcycling into sustainable urban development. Smart zoning practices, including mixed-use zoning, support sustainable communities by fostering vibrant neighbourhoods where residential, commercial, and recreational spaces coexist (Angelopoulos et al., 2019). This reduces transportation needs, minimizes greenhouse gas emissions, and promotes local economies. By aligning zoning policies with upcycling principles, cities can incentivize the reuse of materials within mixed-use developments, further reducing the environmental impact of construction.

Compact urban design, characterized by denser developments and pedestrian-friendly environments, offers significant opportunities to integrate upcycled materials. This approach optimizes land use while minimizing resource consumption, waste generation, and the ecological footprint of urban areas (Bibri et al., 2020; McDonald et al., 2023). Urban designs that prioritize upcycled elements – such as reclaimed materials in construction and streetscape enhancements – contribute to resource conservation while enhancing the resilience of urban ecosystems. Additionally, compact cities require less infrastructure per capita, which further reduces the demand for raw materials and energy, aligning with circular economy principles (Fertner & Grobe, 2016).

The integration of waste separation and recycling infrastructure into urban design is critical for promoting a culture of resource conservation and enabling upcycling at that scale. By strategically incorporating designated spaces for recycling and material recovery within urban layouts, cities can facilitate the collection, separation, and repurposing of materials, thereby closing the loop on waste management (Sanchez-Garcia et al., 2024). Upcycling further enhances these systems by transforming discarded materials into higher-value products, driving innovation, creating employment opportunities, and strengthening community resilience to waste management challenges.

Urban planning, design and infrastructure provision are therefore indispensable in advancing sustainable cities that embrace upcycling as a cornerstone of resource conservation. By integrating upcycled materials into zoning policies, compact urban designs, and recycling facilities, urban areas can significantly reduce waste, conserve resources and foster long-term environmental sustainability (Yigitcanlar & Kamruzzaman, 2019; Addas, 2023).

Sustainable Construction Practices
The construction sector, as a major contributor to global waste production, presents a significant opportunity for integrating upcycling into sustainable construction practices. By adopting upcycling strategies, the industry can reduce environmental degradation, enhance material efficiency, and promote resource conservation. Upcycled materials such as reclaimed wood, recycled concrete, repurposed steel and salvaged glass are increasingly being incorporated into construction projects, demonstrating their potential to maintain structural integrity while offering aesthetic and functional benefits. Advancements in material processing technologies, such as bio-bricks made from agricultural waste or composite panels formed from upcycled plastics, further illustrate the transformative potential of upcycling in driving sustainable innovation within the built environment.

Green building standards provide a critical framework for embedding upcycling into sustainable construction practices. Standards such as Leadership in Energy and Environmental Design (LEED) and the Building Research Establishment Environmental Assessment Method (BREEAM) promote energy efficiency, waste reduction, and the use of environmentally friendly materials (Azhgaliyeva & Rahut, 2023; Hussain & Sheikh, 2023). By adhering to these standards, construction projects can prioritize the use of upcycled materials alongside recycled and renewable resources, optimizing resource use while minimizing waste generation. This integration not only reduces the environmental impact of construction activities but also improves the health, comfort and productivity of building occupants by ensuring better indoor air quality and efficient resource utilization.

The use of recycled and locally sourced materials further strengthens sustainable construction practices, offering both environmental and economic advantages. Incorporating upcycled materials such as reclaimed wood and recycled concrete diverts significant volumes of waste from landfills, reducing the demand for virgin resources and the energy required for raw material extraction and processing (Bolden et al., 2013; Lawrence, 2015). Additionally, sourcing materials locally minimizes transportation-related emissions, supports regional economies and fosters community resilience. When construction projects incorporate upcycling as a standard practice, they create a closed-loop system where materials are reused in innovative ways, contributing to the circular economy and reducing the construction sector’s carbon footprint.

Overall, sustainable construction practices that integrate upcycling can transform the built environment into a resource-efficient, low-waste and resilient system. By embracing green building standards, prioritizing recycled and locally sourced materials and leveraging technological advancements in material processing, the construction industry can significantly reduce its environmental footprint while supporting economic and environmental sustainability.

Efficient Infrastructure Systems
Integrating upcycling into urban infrastructure systems enhances efficiency by reducing reliance on virgin raw materials, minimizing waste, and promoting sustainability. Infrastructure elements such as roads, bridges, and utility networks increasingly incorporate upcycled materials to improve durability and environmental performance. For instance, recycled plastic-infused asphalt not only offers enhanced resilience and longevity compared to conventional paving materials but also reduces maintenance costs and diverts plastic waste from landfills. Similarly, repurposed construction debris can be used in road sub-base layers, decreasing the demand for newly quarried aggregates. These practices align with sustainable urbanism objectives, fostering infrastructure systems that prioritize resource conservation, waste reduction and environmental stewardship.

Efficient infrastructure systems are critical for promoting sustainability in urban environments by optimizing resource use and mitigating environmental degradation (Oloruntobi et al., 2023). Integrating upcycled materials into infrastructure systems complements other sustainable strategies, such as smart water management and energy-efficient technologies, to build resilient and resource-conscious cities.

Incorporating upcycled materials into water infrastructure, such as rainwater harvesting systems with reclaimed components or efficient irrigation systems built from repurposed materials, reduces both environmental impact and reliance on virgin resources. These systems enable cities to harness rainwater for landscaping, irrigation and non-potable uses, thereby decreasing the strain on municipal water supplies and promoting sustainable water use (Ertop et al., 2023; Waseem et al., 2023). Advanced irrigation methods, like drip irrigation with upcycled components, further minimize water wastage and optimize plant water uptake, ensuring sustainable water management in urban landscapes. Such practices enhance urban water resilience, mitigate drought risks and preserve scarce water resources for future generations.

Upcycling also supports the development of energy-efficient urban systems. For example, street lighting infrastructure can incorporate upcycled metals or other salvaged materials in light pole manufacturing, while utilizing energy-efficient LED technologies to reduce electricity consumption and greenhouse gas emissions (Pardo-Bosch et al., 2022). LED lighting is not only more durable and cost-effective but also complements the environmental benefits of upcycling by reducing the demand for new materials. Similarly, transportation systems can benefit from upcycling, such as repurposing old materials to construct bicycle lanes or pedestrian walkways, fostering active transportation modes like cycling and walking. These energy-efficient solutions, combined with investments in electric vehicle (EV) infrastructure and public transit systems, reduce reliance on fossil fuels, lower air pollution, and minimize urban carbon footprints (Jelti et al., 2023).

By incorporating upcycling principles into smart water management and energy-efficient urban systems, cities can build infrastructure that is resource-efficient, resilient and environmentally sustainable. Upcycling not only addresses waste management challenges but also drives innovation in infrastructure design, contributing to long-term urban sustainability while fostering a circular economy.

Green Spaces and Biodiversity
The integration of upcycled materials into the development of green spaces and biodiversity-enhancing initiatives offers a sustainable approach to urban ecological design. Urban parks, community gardens, and recreational areas can benefit from upcycled elements, such as benches constructed from reclaimed wood, playground equipment made from repurposed rubber, and planters fabricated from salvaged metals. Vertical gardens and rooftop greenery projects also leverage upcycling by incorporating repurposed scaffolding structures and growing mediums derived from organic waste. These innovative applications reduce waste streams while fostering urban ecological resilience, enhancing biodiversity and addressing environmental challenges such as air pollution and the urban heat island effect.

Urban greenery plays a pivotal role in promoting biodiversity and enhancing ecological resilience within cities (Colding & Barthel, 2013). By integrating green spaces such as parks, gardens, and urban forests into the built environment, cities create essential habitats and food sources for a wide array of plant and animal species. Upcycled materials can enhance the functionality and aesthetic appeal of these spaces, such as using recycled materials to create garden beds or wildlife shelters. These green spaces also provide critical ecosystem services, including mitigating the urban heat island effect through shade provision and temperature regulation, and improving air quality by filtering pollutants (Chun & Guldmann, 2018). Additionally, incorporating upcycled materials into urban greenery supports resource conservation and sustainable urbanism by reducing dependency on virgin resources.

Ecological corridors are vital for connecting fragmented habitats and facilitating species movement within urban environments. Greenways, riparian buffers, and wildlife corridors can incorporate upcycled materials, such as bridges made from recycled steel or pathways constructed with reclaimed concrete. These interconnected networks of natural habitats serve as ’wildlife highways’, enabling species to migrate, disperse and adapt to changing environmental conditions (Rudnick et al., 2012). The use of upcycled materials in designing these corridors not only reduces waste but also contributes to sustainable construction practices, ensuring that conservation efforts align with urban sustainability goals. By enhancing ecological connectivity, cities can preserve native species diversity, support genetic exchange among wildlife populations and promote resilience to urbanization and climate change (Perry & Cox, 2024).

Strategic planning and community engagement are integral to successfully integrating upcycling into green infrastructure and biodiversity projects. Urban green spaces and ecological corridors, built with upcycled materials, can inspire community participation by demonstrating innovative approaches to sustainability. Residents can engage in initiatives such as community gardening using upcycled planters or contributing waste materials for local ecological projects. These efforts not only foster a sense of environmental stewardship but also enhance urban residents’ connection to nature, improving well-being and promoting social cohesion (Douglas et al., 2017).

Incorporating upcycling into urban greenery and ecological design, cities can create vibrant, resource-efficient landscapes that enhance biodiversity, mitigate environmental impacts, and improve the quality of life for urban residents. These strategies represent a forward-thinking approach to sustainable urban development, ensuring the conservation of natural ecosystems and the sustainable use of resources for future generations.

Waste Management and the Circular Economy
Upcycling plays a pivotal role in advancing circular economy principles, which focus on minimizing waste by extending product lifecycles and repurposing materials for continued economic use. As a cornerstone of sustainable urban development, upcycling can be integrated into waste management systems to divert materials from landfills and reintegrate them into value chains. Through the adoption of upcycling practices, cities can enhance resource efficiency, reduce environmental impacts and foster the development of a resilient urban economy.

Integrated waste management systems are critical for the effective handling of urban waste streams, facilitating the reduction of landfill reliance and the promotion of resource conservation. These systems should prioritize upcycling alongside traditional strategies such as recycling, composting, and waste-to-energy technologies. Upcycling-specific infrastructure, such as municipal reclamation centers for construction materials or industrial symbiosis networks, can enable the transformation of waste into high-value products. For example, construction debris can be upcycled into aggregate for road sub-base layers or artistic installations, while industrial byproducts, such as sawdust or ash, can be repurposed into innovative materials like composite panels or bricks. The inclusion of upcycling facilities within waste management systems aligns with circular economy objectives, offering cities the opportunity to reduce waste streams and extend the utility of discarded materials (Bandh et al., 2024).

Recycling facilities play a central role in separating and processing materials such as glass, metals, and plastics, while composting facilities convert organic waste into nutrient-rich soil amendments that support agricultural productivity (Grant et al., 2020). Upcycling complements these practices by focusing on enhancing the value and utility of waste materials without significant degradation in quality. For example, plastics recovered through recycling can be upcycled into durable components for urban furniture, such as benches or planters, thereby reducing reliance on virgin materials. Similarly, glass bottles can be repurposed into decorative tiles or construction materials, further embedding circular economy principles into urban design. By integrating upcycling into the broader recycling infrastructure, cities can diversify their approaches to waste transformation, creating innovative solutions that prioritize both resource efficiency and economic value creation.

Policy-driven initiatives are essential for mainstreaming upcycling within urban waste management systems. Municipal governments can incentivize businesses, industries and households to adopt upcycling practices through financial rewards, tax rebates, or grants for integrating upcycled materials into production processes. Successful examples include programmes that support the reclamation of materials from construction sites and industrial waste-sharing platforms that facilitate inter-sectoral reuse. These initiatives align with circular economy principles by encouraging waste minimization and material repurposing while promoting economic innovation and resilience (Appendino et al., 2021). Furthermore, regulatory frameworks can mandate the inclusion of upcycled materials in urban infrastructure projects, ensuring waste reduction is embedded into the planning and construction processes.

A shift towards circular economy models in urban environments requires restructured systems that minimize waste generation and emphasize product lifecycle extension. Encouraging producers to design products for longevity, reuse and recyclability is critical to achieving this objective (Yazdani & Lakzian, 2023). For instance, product designs that allow for easy disassembly can facilitate material recovery and upcycling at the end of their lifecycle. Additionally, fostering public awareness about upcycling and circular economy practices can promote sustainable consumption patterns among residents. Community-driven initiatives, such as workshops on creating upcycled products or local markets for second-hand and upcycled goods, can further reinforce these principles while fostering environmental stewardship.

Integrating upcycling and circular economy principles into urban systems can help cities achieve significant environmental and economic benefits. These practices reduce reliance on resource extraction, lower energy consumption, and mitigate pollution associated with production and waste-disposal processes (Morseletto, 2020). At the same time, they stimulate innovation, create employment opportunities in upcycling industries, and promote sustainable production and consumption patterns. By embedding upcycling into waste management and urban planning frameworks, cities can transition towards a resource-efficient, low-carbon future that prioritizes environmental sustainability and economic resilience. Through the integration of upcycling into waste management systems, urban areas can address the dual challenges of waste reduction and resource conservation while contributing to the development of a sustainable circular economy. These strategies not only enhance urban environmental performance but also provide the foundation for innovative and resilient urban economies.

Community Mobilizations and Participation
Community mobilization and participation are integral to the successful adoption of upcycling initiatives and broader sustainability efforts in urban environments. By actively involving residents in upcycling practices, cities can foster a culture of collective responsibility for waste reduction, resource conservation and environmental stewardship. Public engagement in upcycling can be promoted through grassroots initiatives, educational programmes, participatory planning, and economic incentives that empower individuals and communities to contribute meaningfully to sustainability objectives.

Grassroots initiatives, such as material exchange networks, urban maker spaces, and do-it-yourself (DIY) upcycling workshops, serve as effective platforms for engaging communities in sustainability practices. These initiatives empower residents to repurpose waste materials into valuable products, thereby reducing waste and extending the lifecycle of resources. Urban maker spaces, for instance, provide communal areas equipped with tools and resources for crafting upcycled goods, encouraging innovation and creativity among participants. Similarly, material exchange networks facilitate the redistribution of reusable items, connecting individuals and businesses with surplus materials to those who can repurpose them. Such programmes promote local ownership of sustainability efforts, fostering a sense of community and shared responsibility for environmental outcomes (Kubanza, 2020).

Educational programmes and public awareness campaigns are essential for equipping communities with the knowledge and skills they need to embrace upcycling practices. Workshops, community events, and campaigns focused on upcycling techniques, sustainable living and waste reduction can inspire residents to adopt environmentally friendly behaviours (Borawska, 2017). For example, hosting workshops on transforming discarded materials into furniture, art installations or garden equipment can demonstrate the practicality and benefits of upcycling while encouraging community engagement. Public art installations created from upcycled materials can serve both as educational tools and visual symbols of sustainability, inspiring residents to rethink their relationship with waste. By fostering awareness and promoting upcycling as a viable solution, cities can cultivate long-term behavioural changes that align with sustainability goals.

Participatory planning processes that involve residents in the development of upcycling initiatives can enhance the inclusivity and effectiveness of sustainability efforts. Municipal governments can engage communities in co-designing public spaces that incorporate upcycled elements, such as benches, planters, or playground equipment made from repurposed materials. These projects not only reduce waste but also strengthen social cohesion by encouraging collaboration among diverse stakeholders. Additionally, fostering partnerships between local businesses, schools, and residents can create synergies that amplify the impact of upcycling efforts. For instance, businesses can donate surplus materials to schools for educational upcycling projects or collaborate with community groups to develop upcycled products for local markets. Such partnerships integrate upcycling into the social and economic fabric of urban areas, enhancing their viability and sustainability.

Providing economic incentives is a powerful strategy for motivating businesses and individuals to adopt upcycling and other sustainable practices. Municipal governments can offer financial incentives, such as grants, subsidies, or tax rebates, for businesses and community organizations that integrate upcycling into their operations. For example, subsidies for establishing upcycling workshops or tax breaks for businesses using upcycled materials in production can stimulate innovation and investment in sustainable practices (White et al., 2019). Similarly, residents can be incentivized through rebates for purchasing upcycled goods or participating in community upcycling programmes. By aligning economic incentives with environmental objectives, cities can accelerate the adoption of upcycling, promote sustainable consumption, and drive systemic change in urban waste management (Goetz, 2010).

Promoting active community participation in upcycling can cultivate a culture of sustainability and environmental responsibility in cities. Public engagement in upcycling practices fosters a shared commitment to waste reduction and resource conservation while stimulating creativity and innovation in addressing environmental challenges. Through grassroots initiatives, educational campaigns, participatory planning, and economic incentives, urban areas can empower communities to take an active role in shaping a sustainable future. As residents become more engaged in upcycling and sustainability efforts, cities can transition toward more resource-efficient and resilient urban development models, ensuring long-term environmental and social benefits.

Demand Management
Effective demand management is essential to promoting the long-term viability and integration of upcycled materials into urban development. By aligning consumption patterns and urban sustainability frameworks with the circular economy principles, demand management strategies can play a critical role in reducing waste, conserving resources, and fostering environmental resilience. Policies encouraging eco-conscious procurement, sustainable design mandates, and responsible consumption practices can significantly shape market demand for upcycled products, ensuring their incorporation into mainstream development practices.

Demand-side management strategies that prioritize upcycled materials in urban development can stimulate their adoption in construction, infrastructure, and design projects. Municipal governments can introduce financial incentives, such as tax breaks or grants, for developers and businesses that utilize upcycled materials in construction and manufacturing processes. For example, upcycled concrete, reclaimed wood, and repurposed metals can be promoted as viable alternatives to conventional building materials, reducing both material waste and environmental impacts. Regulatory frameworks requiring the use of upcycled components in public procurement and infrastructure projects can further strengthen market demand. Additionally, integrating upcycled materials into urban greening initiatives – such as public parks, rooftop gardens, and playgrounds – can showcase their functionality and aesthetic appeal, encouraging their broader adoption (Rajani et al., 2022).

Consumer awareness of the environmental and economic benefits of upcycling is essential to fostering demand for sustainably produced goods. Public education campaigns, workshops, and awareness programmes can inform residents about the potential of upcycled products to contribute to waste reduction and resource conservation. Highlighting the benefits of upcycled goods – such as lower environmental footprints, cost savings, and contributions to local economies – can influence consumer preferences and drive demand for sustainable alternatives. For instance, municipal initiatives showcasing successful upcycling projects or providing subsidies for purchasing upcycled goods can encourage residents to adopt eco-conscious consumption patterns. Furthermore, collaborative campaigns with local businesses, schools, and non-governmental organizations can amplify the visibility and appeal of upcycled solutions, fostering a culture of sustainability at the community level (Price & Joseph, 2000).

Demand management strategies that promote upcycling can also be integrated into broader sustainability initiatives, such as urban mobility and water resource management. In the context of transportation, demand management approaches – such as Urban Vehicle Access Regulations (UVARs), parking management policies, and on-demand shared mobility services – can reduce congestion and emissions while encouraging the use of eco-friendly transport modes (Ogunkunbi & Meszaros, 2023). Incorporating upcycled materials into transportation infrastructure, such as bike lanes, bus shelters and pedestrian pathways, can further enhance the sustainability of urban mobility projects. Similarly, water demand management strategies, such as greywater and rainwater harvesting systems, can integrate upcycled materials like repurposed barrels or salvaged piping, reducing costs while promoting sustainable water use (Arfanuzzaman & Rahman, 2017).

Regulatory and policy-driven approaches are critical to embedding upcycling within demand management frameworks. Sustainable design mandates can require architects and developers to incorporate a minimum percentage of upcycled materials in new projects, fostering systemic change in construction practices. Urban planning policies can further promote the reuse and upcycling of materials through zoning incentives, green building certifications, and the establishment of material recovery facilities. For example, city-level initiatives supporting industrial symbiosis – whereby the waste streams of one industry become raw materials for another – can promote the large-scale integration of upcycled resources into production cycles. By creating an enabling environment for upcycling, policymakers can transform waste management systems and urban development practices into drivers of circular economy principles (Mittal & Biswas, 2019).

Demand management therefore plays a crucial role in aligning urban development practices with the circular economy goals by fostering market demand for upcycled materials, promoting responsible consumption, and optimizing resource use. Through targeted incentives, public awareness efforts, and regulatory frameworks, cities can ensure the integration of upcycling into sustainable urban development. By advancing demand-side strategies that prioritize resource conservation and waste reduction, urban areas can transition toward resilient and environmentally sustainable futures, benefiting both present and future generations.

Conclusion
The integration of upcycling into urban infrastructure and the built environment offers a promising and innovative solution to the challenges of waste management and resource conservation in contemporary urban settings. By transforming waste into high-value materials, cities can significantly reduce their environmental impact, enhance sustainability and build resilient urban systems. The adoption of upcycling practices in urban planning, construction and infrastructure design highlights its potential to reframe waste as an asset, contributing to the creation of regenerative built environments.

To advance sustainable urban development, it is essential to embed upcycling principles into policy frameworks, industry standards and societal behaviors. This will require collaborative efforts among governments, communities and stakeholders, ensuring that upcycling becomes an integral part of urban design and planning. Smart zoning, compact design, waste separation and recycling facilities can further promote resource efficiency, waste reduction and environmental stewardship, which are critical components of resilient urban systems.

Sustainable construction practices, particularly those that embrace green building standards and prioritize the use of recycled materials, are key to reducing environmental footprints and fostering resource efficiency. By supporting investments in sustainable urban infrastructure and aligning industry practices with circular economy principles, cities can create environments that are not only environmentally responsible but also economically prosperous and socially equitable. Ultimately, the successful integration of upcycling in urban development hinges on a collective commitment to sustainability. Through continued collaboration and innovation, cities can build a future where resource conservation, waste reduction, and environmental protection are at the heart of urban growth, ensuring a better quality of life for present and future generations.


References

	Addas, A. (2023), ‘The concept of smart cities: A sustainability aspect for future urban development based on different cities’, Frontiers in Environmental Science, 11: 1241593.

	Angelopoulos, S., Boymal, J. and De Silva, A. (2020), ‘Economic benefits of 20-minute neighbourhoods’, Department of Environment, Water, Land and Planning. Available at: https://researchrepository.rmit.edu.au/esploro/outputs/report/Economic-benefits-of-20-minute-neighbourhoods/9921861250801341.

	Apipuchayakul, N. and Vassanadumrongdee, S. (2020), ‘Factors affecting the consumption of energy-efficient lighting products: Exploring purchase behaviors of Thai consumers’, Sustainability, 12(12): 4887.

	Appendino, F., Roux, C., Saadé, M., and Peuportier, B. (2021), ‘The circular economy in urban projects: A case study analysis of current practices and tools.’ Transactions of the Association of European Schools of Planning, 5, 71–83.

	Arfanuzzaman, M. and Rahman, A.A. (2017), ‘Sustainable water demand management in the face of rapid urbanization and ground water depletion for social–ecological resilience building’, Global Ecology and Conservation, 10: 9–22.

	Arimah, B., (2017), ‘Infrastructure as a catalyst for the prosperity of African Cities’, Procedia Engineering, 198: 245–266.

	Asikhia, M.O. and Uyoyoghene, O.T. (2011), ‘Urban infrastructure and quality of life: A case study of Warri Metropolis’, The Nigerian Journal of Research and Production, 19(2): 1–10.

	Azhgaliyeva, D. and Rahut, D.B. (2022), ‘Promoting green buildings: Barriers, solutions, and policies’, Asian Development Bank Institute (ADBI). Available at: https://www.econstor.eu/bitstream/10419/267764/1/1813290679.pdf.

	Bandh, S.A., Malla, F.A., Wani, S.A. and Hoang, A.T. (2024), ‘Waste Management and Circular Economy’, in Waste Management in the Circular Economy (pp. 1–17). Cham: Springer

	Barros, M. V., Salvador, R., do Prado, G. F., de Francisco, A. C. and Piekarski, C. M. (2021), ‘Circular economy as a driver to sustainable businesses’, Cleaner Environmental Systems, 2: 100006.

	Berardi, U. (2012), ‘Sustainability Assessment in the Construction Sector: Rating Systems and Rated Buildings’, Sustainable Development, 20: 411–424.

	Bibri, S.E., Krogstie, J. and Kärrholm, M. (2020), ‘Compact city planning and development: Emerging practices and strategies for achieving the goals of sustainability’, Developments in the Built Environment, 4: 100021.

	Bigio, A.G. and Dahiya, B. (2004), Urban environment and infrastructure: Toward liveable cities, Washington: World Bank Publications.

	Bolden, J., Abu-Lebdeh, T. and Fini, E. (2013), ‘Utilization of recycled and waste materials in various construction applications’, American Journal of Environmental Science, 19(1): 14–24.

	Borawska, A. (2017), ‘The role of public awareness campaigns in sustainable development’, Economic and Environmental Studies, 17(4): 865–877.

	Carmona, M. (2018), ‘Place value: place quality and its impact on health, social, economic and environmental outcomes’, Journal of Urban Design, 24(1): 1–48.

	Chun, B. and Guldmann, J. (2018), ‘Impact of greening on the urban heat island: Seasonal variations and mitigation strategies’, Computers, Environment and Urban Systems, 71: 165–176.

	Colding, J. and Barthel, S. (2013), ‘The potential of ‘Urban Green Commons’ in the resilience building of cities’, Ecological Economics, 86: 156–166.

	Douglas, O., Lennon, M. and Scott, M., (2017), ‘Green space benefits for health and well-being: a life-course approach for urban planning, design and management’, Cities, 66: 53–62.

	El-Nwsany, R.I., Maarouf, I. and Abd el-Aal, W. (2019), ‘Water management as a vital factor for a sustainable school’, Alexandria Engineering Journal, 58(1): 303–313.

	Ertop, H., Kocięcka, J., Atilgan, A., Liberacki, D., Niemiec, M. and Rolbiecki, R. (2023), ‘The Importance of Rainwater Harvesting and Its Usage Possibilities: Antalya Example (Turkey)’, Water, 15(12): 2194.

	Eskandaripour, H. and Boldsaikhan, E. (2023), ‘Last-Mile Drone Delivery: Past, Present, and Future’, Drones, 7(2): 77.

	Fertner, C. and GROßE, J., (2016), ‘Compact and resource-efficient cities? Synergies and trade-offs in European cities’, European Spatial Research and Policy, 23(1): 65–79.

	Goetz, K.S. (2010), ‘Encouraging sustainable business practices using incentives: a practitioner’s view’, Management Research Review, 33(11): 1042–1053.

	Grant, A., Cordle M., Bridgwater E. E. (2020), ‘Quality of Recycling Towards an Operational Definition’ Available at: https://publications.jrc.ec.europa.eu/repository/bitstream/JRC122293/final_quality_of_recycling_report.pdf.

	Green, E.D. (2014), ‘The political economy of urbanization in modern Botswana’, SSRN, Available at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2251935.

	Hussain, S. and Sheikh, H. (2023), ‘Sustainability Assessment by Green Building Rating Systems: A Comparative Analysis of LEED, BREEAM and CASBEE on a Case Study’, International Journal for Multidisciplinary Research, 5(6): 1–29.

	James, N. (2024), ‘Urbanization and its impact on environmental sustainability’, Journal of Applied Geography Studies, 3(1): 54–66.

	Jelti, F., Allouhi, A. and Tabet Aoul, K.A. (2023), ‘Transition Paths towards a Sustainable Transportation System: A Literature Review’, Sustainability, 15(21): 15457.

	Kampragou, E., Lekkas, D. and Assimacopoulos, D. (2010), ‘Water demand management: Implementation principles and indicative case studies’, Water and Environment Journal, 25(4): 466–476.

	Kothari, R., Tyagi, V. V. and Pathak, A. (2010), ‘Waste-to-energy: A way from renewable energy sources to sustainable development’, Renewable and Sustainable Energy Reviews, 14(9): 3164–3170.

	Kubanza, N.S. (2020), ‘The role of community participation in solid waste management in Sub-Saharan Africa: A study of Orlando East, Johannesburg, South Africa’, South African Geographical Journal, 193(1): 1–14.

	Lawrence, M. (2015), ‘Reducing the environmental impact of construction by using renewable materials’, Journal of Renewable Materials, 3(3): 163–174.

	Lem, L. (2002), ‘Promoting economic development by improving transportation infrastructure for goods movement’, Jack Faucett Associates, Available at: https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=77f7171898894357f860a926297848f56c8f1b7f

	Lepczyk, C. A., Aronson, M. F., Evans, K. L., Goddard, M. A., Lerman, S. B. and MacIvor, J. S. (2017), ‘Biodiversity in the city: Fundamental questions for understanding the ecology of urban green spaces for biodiversity conservation’, BioScience, 67(9): 799–807.

	McDonald, R.I., Aronson, M.F., Beatley, T., Beller, E., Bazo, M., Grossinger, R., Jessup, K., Mansur, A.V., Puppim de Oliveira, J.A., Panlasigui, S. and Burg, J. (2023), ‘Denser and greener cities: Green interventions to achieve both urban density and nature’, People and Nature, 5(1): 84–102.

	Mittal, S. and Biswas, A. (2019), ‘Exploring transportation demand management as a strategy to decongest Indian cities and improve mobility’, International Review for Spatial Planning and Sustainable Development A: Planning Strategies and Design, 7(4): 185–211.

	Morseletto, P. (2020), ‘Targets for a circular economy’, Resources, Conservation and Recycling. 153: 104553.

	Ogunkunbi, G. A. and Meszaros, F. (2023), ‘Investigating the role of urban vehicle access regulations as a policy tool for promoting electric mobility in Budapest’, Urban Science, 7(2): 39.

	Oloruntobi, O., Mokhtar, K., Rozar, N.M., Gohari, A., Asif, S. and Chuah, L.F. (2023), ‘Effective technologies and practices for reducing pollution in warehouses-a review’, Cleaner Engineering and Technology, 13: 100622.

	Pardo-Bosch, F., Blanco, A., Sesé, E., Ezcurra, F. and Pujadas, P. (2022), ‘Sustainable strategy for the implementation of energy-efficient smart public lighting in urban areas: Case study in San Sebastian’, Sustainable Cities and Society, 76: 103454.

	Perry, G. and Cox, R.D. (2024), ‘Opportunities for biodiversity conservation via urban ecosystem regeneration’, Diversity, 16(3): 131.

	Pietrucha-Urbanik, K. and Rak, J., (2023). Water, resources, and resilience: Insights from diverse environmental studies. Water, 15(22), p. 3965.

	Price, J. L. and Joseph, J. B. (2000), ‘Demand management – A basis for waste policy: A critical review of the applicability of the waste hierarchy in terms of achieving sustainable waste management’, Sustainable Development, 8(2): 96–105.

	Rajani, R.L., Heggde, G.S., Kumar, R. and Chauhan, P. (2022), ‘Demand management strategies’ role in sustainability of the service industry and impacts on company performance: using SEM approach’, Journal of Cleaner Production, 369: 133311.

	Rudnick, D., Ryan, S. J., Beier, P., Cushman, S. A., Dieffenbach, F., Epps, C., Gerber, L. R., Hartter, J. N., Jenness, J. S., Kintsch, J., Merenlender, A. M., Perkl, R. M., Perziosi, D. V. and Trombulack, S. C. (2012), ‘The role of landscape connectivity in planning and implementing conservation and restoration priorities. Issues in Ecology’, University of New Hampshire Scholar’s Repository, Available at: https://scholars.unh.edu/cgi/viewcontent.cgi?article=1018&context=geog_facpub.

	Saad, R., Plazas-Niño, F., Cannone, C., Yeganyan, R., Howells, M. and Luscombe, H. (2024), ‘Long-term energy system modelling for a clean energy transition and improved energy security in Botswana’s energy sector using the open-source energy modelling system’, Climate, 12(6): 88.

	Sánchez-García, E., Martínez-Falcó, J., Marco-Lajara, B. and Manresa-Marhuenda, E. (2024), ‘Revolutionizing the circular economy through new technologies: A new era of sustainable progress’, Environmental Technology & Innovation, 33: 103509.

	Vega-Gonzalo, M., Gomez, J., Christidis, P. and Vassallo, J.M. (2024), ‘The role of shared mobility in reducing perceived private car dependency’, Transportation Research Part D: Transport and Environment, 126: 104023.

	Waseem, M., Mutahir Ullah Ghazi, S., Ahmed, N., Ayaan, M. and Kebede Leta, M. (2023), ‘Rainwater harvesting as a sustainable solution to cope with drinking water scarcity and urban flooding: A case study of public institutions in Lahore, Pakistan’, CivilEng, 4(2): 638–656.

	White, K., Habib, R. and Hardisty, D. J. (2019), ‘How to SHIFT consumer behaviors to be more sustainable: A literature review and guiding framework’, Journal of Marketing, 83(3): 22–49.

	Xu, X., Watts, A. and Reed, M. (2019), ‘Does access to the internet promote innovation? A look at the US broadband industry’, Growth and Change, 50(4): 1423–1440.

	Yazdani, S. and Lakzian, E. (2023), ‘Conservation; Waste Reduction/Zero Waste’, in D.S.K. Ting, J.A. Stagner (eds), Pragmatic Engineering and Lifestyle, 131–152, Leeds: Emerald Publishing.

	Yigitcanlar, T. & Kamruzzaman, M. D. (2019), ‘Smart Cities and Mobility: Does the Smartness of Australian Cities Lead to Sustainable Commuting Patterns?’ Journal of Urban Technology, 26(2), 21–46, April. DOI: 10.1080/10630732.2018.1476794.








Chapter 9

Unlocking the Value from Coffee Waste: A Case Study of Sustainable Practices of a Colombian Coffee Farm

Claudia García Flórez

Introduction
The journey of coffee, a traditional delight cherished across continents, leaves behind a trail of waste that challenges our notions of responsible cultivation. It is estimated that 2.25 billion cups of coffee are consumed worldwide every day (International Coffee Organization, 2021). The global coffee industry generates approximately 23 million tonnes of waste annually, including coffee grounds, husks and other by-products. Colombia, a major contributor to this industry, produces around 14 million sacks yearly, equivalent to roughly 840,000 metric tonnes of coffee. Despite the prominence of Colombian coffee on the world market, many production practices remain traditional, on small coffee farms owned by local farmers. Many of these practices continue to use conventional and unsustainable methods such as chemical fertilisers and pesticides, while coffee by-products are often burned and disposed of. However, there is a growing interest in adopting regenerative and circular practices to produce higher-quality coffee. This shift helps to promote a more competitive and appealing product that meets the demands of customers who are increasingly looking for products with a fair and sustainable origin, ultimately leading to greater profitability for both customers and producers.

This chapter looks at coffee production and investigates the potential uses of the waste generated during the process. The field visit took place at the El Eden farm (Figure 9.1), located in the heart of Guaduas, La Carbonera district, a north-western municipality in the Cundinamarca region of Colombia. This area has a temperate climate ranging from 23.5°C to 28°C and is characterized by its mountainous landscape. Efforts are being made here to reuse coffee by-products, transforming them into valuable resources. This chapter explores the recycling processes occurring on the coffee plantation and looks at alternative methods for developing new materials using these by-products. It provides insights into how future research can drive innovation, reduce carbon footprint, and promote sustainable practices through regenerative agriculture. Additionally, these advancements have the potential to generate positive socio-economic impacts for local farmers, who are just beginning to explore the underutilized value of waste and by-products beyond coffee production.
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Figure 9.1 Coffee farm El Eden.

Within this coffee plantation, a commitment to sustainability goes beyond the surface. By-products of coffee production, including pulp and parchment, are repurposed as integral components in the production cycle. The pulp is reintegrated into the plantation’s production process, enriching the land as organic fertilizer. Meanwhile, the parchment, with its calorific energy, plays a crucial role in coffee drying and the formulation of eco-friendly pesticides. This approach exemplifies the transformation of waste, where innovation meets tradition and sustainability intertwines with agriculture, potentially opening new lines of business for farmers.

Case Study in El Eden Farm
To conduct the case study, I chose the El Eden farm in Guaduas, Cundinamarca. This selection was driven by the region’s notable agricultural expansion, particularly in coffee cultivation. Additionally, I considered the producers’ keen interest in evolving cultivation techniques that go beyond merely utilizing coffee by-products. They are actively exploring methods to enhance soil quality and crop yield, harnessing the properties of what is traditionally perceived as waste. This initiative is the first step in the study of these by-products to develop innovative materials. During the field visit, the participating farmers were interviewed, offering valuable insights into the coffee production process. This encompassed the identification of waste generated at every stage, from the harvesting of coffee cherries to the preparation and cultivation of crops. The chapter has identified current methods of utilizing coffee by-products and waste. Within the production process, two primary types of biowaste were identified for reintegration: pulp and parchment. Following the identification of the waste generated not only on the farm but also in the post-consume stage, a proposal was made to initiate an experiment focusing on parchment and used coffee grounds to assess the development of a novel material. The first section examines the use of coffee parchment. This is a thin and silvery layer that envelops the coffee beans within the cherry. It serves as a protective barrier as it provides some defence against moisture and external elements. This by-product is of considerable value due to its calorific properties, which are derived from the bean once it has completed the drying process. As a result of these characteristics, coffee parchment is used as a fuel source for coffee dryers. Furthermore, the calorific capacity of this by-product is exploited by the elaboration of a sulphur-lime composition. This is achieved by the mixing of the coffee parchment with rice husk and burning organic material waste (e.g., bones, plants, and agricultural by-products). This process results in the production of rich mineral ash, which is subsequently mixed with water and used in the prevention of phytosanitary issues, as well as the mineral enrichment of the soil in coffee crops. Two distinct applications were explored. The initial approach involved utilizing the parchment as a biomass fuel. The second method consists of forming a clay-like substance by blending the parchment with waste coffee grounds, which was then used to test the preliminary elaboration of a novel material. To create the mixture, 80 per cent of the dry coffee ground waste and 5 per cent of the parchment (broken into small pieces) were mixed in a container with natural binders (15%) such as starch, guar gum and xanthan. This integration facilitates the binding and shaping of the materials. Water was gradually added to the process, ensuring the homogeneity of the mixture, which is essential for shaping. After the clay mixture was obtained, it was added to the moulds. Tools such as a press can be employed to compact and ensure the steadiness of the mixture within the moulds. The containers were set for an air-drying phase: a period of three days at room temperature (16-18°C) was required make sure the piece was completely dry. This period may vary depending on the dimensions of the containers and the prevailing moisture levels, which are calculated based on the initial and final weight of the mix. The application of pressure through a press during the drying process increased both density and strength, and it is an important step to ensure the correct agglomeration of the particles in the mortar. After drying and curing, the pieces were carefully removed from the moulds. A final agglomerant, consisting of glue made of corn and casein, was applied to the surface of the moulded mix with a trowel to create a plasticized surface and provide edge smoothing.

Results and Discussion
Coffee Parchment Use

The use of coffee parchment has resulted in an efficient ignition process with a calorific power of 17 MJ/kg to supply heat to the drying equipment; it is very efficient in producing the sulphur-lime composition by generating ash from organic material (Figure 9.2). It is beneficial not only for its calorific capacity but also for its physical-chemical properties that give a higher nutritional quality to the mixture. This prevents phytopathology issues, as well as enriching the soil (Cabrera, et al., 2018). Coffee parchment, although representing only 4.2 per cent of fresh fruit, is very efficient when used as a fuel, even more so than rice husks.

Coffee Grounds and Parchment Mixture

From the prepared and moulded coffee clay mixture, samples of an agglomerated material were obtained (Figure 9.3 (a)). The pieces consisted of a 4mm plate, light in weight and with a soft, porous texture. The porosity varies according to the coffee grind: the lower the grinding size, the lower the porosity and the higher the cohesion of the mixture. The coffee-derived clay displays an inherently viscous, malleable and adhesive texture attributed to the incorporation of compacting agents. The coffee grounds contain lignin, which serves as a ‘glue’ and a reinforced material compatible with starch-based binders, primarily sourced from corn, along with guam gum which has antioxidative properties (Zarrinbakhsh et al., 2016). This creates a kind of bio-based composite, which is improved mechanically with the support of coffee parchment.


[image: ]
Figure 9.2 Coffee parchment use: (a) for the dryer; and (b) mixing organic ingredients for a sulphur-lime composition.
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Figure 9.3 (a) material (coffee sheet) from the coffee clay mixture; (b) texture without agglomerate addition on the surface; and (c) texture with agglomerate agent applied on the surface.

The final product, after drying, is a light-brown substance with a consistency similar to plaster. The texture of the material (coffee sheet) could vary depending on the agglomerant agent applied on the surface (Figure 9.3(b)(c)). Although the material is at an early stage of development, it is anticipated that further improvements will be made to evaluate its potential for use in the elaboration of biodegradable containers for food use, plant containers and agglomerates to produce pieces as a substitute for wood, construction material or for handicraft use. The granulated coffee residue has already been studied for use in various products, such as cups, composites (Zarrinbakhsh et al., 2016), sound-absorbing panels (Yeol et al., 2020), ceramics for construction (Vilao & Simao, 2014), and textiles (Kumar, 2023), among others.

Conclusion
During the visit to the El Eden farm, During the visit to El Eden farm, innovative approaches for utilizing coffee production residues – specifically the husks and cherry pulp – were identified. These by-products were integrated into the same coffee cultivation following the principles of the circular economy. The farmers have observed that by utilising the caloric energy of the hulls and the nutritional contributions of the pulp, they have been able to achieve notable outcomes in terms of soil and plant behaviour. Thus, using coffee by-products supports the transition toward regenerative and more sustainable practices in coffee production. Three coffee by-products were studied for this research: parchment, cherry pulp, and coffee grounds remaining after brewing. The first two residues were already used on the farm to produce non-chemical fertilizers and fungicides. After the visit, experiments were carried out using parchment and residual coffee grounds, resulting in a first sample (coffee sheet) of a potential material made from a kind of coffee clay or bio-composite.

As a first step in testing a novel material, it is necessary to continue the development of new experimental versions of the sheets made from coffee clay. In-depth laboratory analyses of the materials are highly recommended to evaluate additional physical-mechanical properties, such as strength and flexibility. Based on this evaluation, suggestions for improvements can be made, new mixtures can be explored and applications can be identified for creating products from these sheets. It is crucial to ensure the use of sustainable-sourced materials and practices while also ensuring the biodegradability of the final product.

Based on the results obtained, it would be valuable to experiment with different binding agents, such as cellulose nanofibers, starch from various sources, or by-products from the same farms, like cassava or yam. Additionally, plasticizers such as glycerol and sorbitol have been documented to enhance flexibility and improve the filling properties of these materials when combined with certain bindings. Further research in this field to improve this first assay and develop new products from coffee waste may provide additional sources of income for the farmers and enhance the bio-economical potential in the region.
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Chapter 10

Scaling Up Upcycling: A Comparative Analysis of Furniture, Lighting and Bags Made Through Repurposing

Patrick Pearce, Martin Racine, Isabel Ordóñez and Alice Jarry

Introduction
The upbeat feel of the word ‘upcycling’ makes it a handy catchphrase in academic research, the business world and DIY culture alike for embracing repair, refurbishing, remanufacturing, reuse and repurposing, as well as certain forms of recycling. This chapter focuses on upcycling through repurposing, also known as creative reuse, in the sectors of furniture, lighting and bag design, and how this practice can be scaled up. The furniture sector has been identified as a critical sector for circular economy initiatives, as it generates large amounts of waste yet typically operates with small-scale, flexible production systems (European Commission, 2020; Oakdene Hollins and Dillon, 2021). Thus far, the sector’s upcycling-related activities have been predominantly carried out by individual artisans or micro-scale enterprises focusing on resale, repair and refurbishment. A handful of more organized small, medium and large enterprises underscore the sector’s circularity potential, notably through the remanufacturing of office furniture. However, upcycling research in furniture remains scant.

Despite its advantages, upcycling remains a niche, small-scale practice in developed countries (Singh et al., 2019). Scaling up upcycling offers designers the possibility of working sustainably, meaningfully and viably while increasing material circularity. The problem of scaling up upcycling is vast and research in recent years has examined a wide range of interconnected challenges and enablers, from macro and meso-level government and systemic perspectives to micro-level, designer and individual enterprise aspects. A few case studies on upcycling enterprises have shed light on specific business and operational aspects relating to scaling up. This research project offers a comparative analysis to expand on these cases and draw broader conclusions to help improve the possibility of scaling up among designers practising upcycling through repurposing. Repurposing has been defined as a form of reuse of discarded material for a new purpose, which brings about ‘new value creation with a minimum loss of material integrity’ (Van Hees & Oskam, 2021, p. 2). This project further clarifies repurposing as the use of waste objects or material, whose original form and structure are still recognisable, for a different function than what they were initially produced for while maintaining this recognisability and increasing value in the resulting new object or material.

In terms of an enterprise’s day-to-day practices, scaling up involves two key dimensions: first, the scalability of the organization and its operations – an organization’s ability to grow with increased production without being constrained by its structure or available resources and second, the viability of the business or a project – its ability to carry on and sustain profits over the long term. To understand scalability and viability as they apply to upcycling enterprises, a cross-disciplinary analysis allows us to dimensionalize the connection between upcycling and craft and to examine the ways in which upcycling creates value and how consumers perceive this value.

Upcycling, Craft and Scalability

The scalability of upcycling is constrained by its craft nature, a characteristic identified in previous research on upcycling (Singh et al., 2019; Sung et al., 2021; Sung & Cooper, 2015; as cited in Sung et al., 2022). While upcycling has resulted in successful small and medium-sized (SME) enterprises, the majority of professional upcyclers can be described as designer-makers, a term increasingly used to refer to craftspeople (Luckman & Andrew, 2020). Upcycling and craft share positive ethical qualities (Archer & Björkvall, 2021; Zhan & Walker, 2019); given its environmental and social benefits, upcycling can be seen as a form of sustainable craft. In terms of production benefits, craft has been found to offer the flexibility to scale up or down according to project needs. Craft’s interdisciplinary nature also helps to solve design and production problems, and craftsmanship adds value to design and its communications (Woolley, 2011).

While craft’s advantages have the potential to help benefit repurposing projects, upcycling and craft also share issues of production efficiency and viability (Caldera et al., 2022; Zhan & Walker, 2019) which, along with the complexity of working with waste objects and materials, may well explain the time-consuming and labour-intensive processes of upcycling (Singh et al., 2019; Sung & Abuzeinab, 2022). Other key scalability challenges facing upcyclers on a day-to-day operational level include access to materials, affordable space, equipment and expertise (Singh et al., 2019). Furthermore, each industry has particular technical and organizational challenges and a need for tailored solutions (Caldera et al., 2022). Furniture production materials and finished products can require significant storage space, and certain materials require specialized expertise to work with. In a nutshell, the craft nature of upcycling through repurposing is a major stumbling block to production scalability. While not all designer-makers or upcyclers desire growth (Luckman, 2018; Sung et al., 2022), upcycling requires some level of scale to help its practitioners earn a viable living. It is striking to note that during the search for upcycled products to be included in this analysis, a significant number of promising examples were found to be no longer available.

Upcycling Value Creation, Purchase Drivers and Viability

The viability of a business or project is related to multiple factors, including the managerial abilities of the individuals involved, access to capital and other resources, strategic partners and cost structure. In light of research findings and resources in the field of circular business model canvases, this research focuses on elements of viability that can be evaluated with relative ease based on secondary source information, namely product value proposition, distribution channels, communications and community building and environmental and social sustainability factors (Lewandowski, 2016; Live Circular Canvas Consortium, 2020).

The value created by upcycling significantly influences the perceptions and desirability of upcycled products. Upcycling enhances value through design, creativity, and storytelling, transforming discarded items into objects with new functional or aesthetic appeal. This process generates four key forms of value:


	Design/Creativity Value: through the creative idea of its new purpose or context, through unique aesthetics, and or through enhanced functionality or innovative features making them attractive to consumers (Baik & Kim, 2014; Buck & Lee, 2020; Yu & Lee, 2019).

	Environmental Sustainability Value: through the diversion of waste from landfills and offering an alternative to products made from virgin materials (Archer & Björkvall, 2017).

	Ethical Value: through messages of sustainability and anti-consumerism, reflecting ethical consumption practices and promoting social responsibility (Adıgüzel & Donato, 2021; Archer & Björkvall, 2017).

	Storytelling Value: through the story of the object’s transformation, which enhances the consumer’s connection and engagement with the object. This occurs inherently when the object’s original identity is recognisable, a concept known as ‘past identity salience’ (Kamleitner et al., 2019), which can also be conveyed through mediums such as websites, packaging or other forms of communication to increase audience engagement and sales (Kamleitner et al., 2019).



These forms of value feed into the value proposition of the upcycled object in various proportions, affecting its perceived ability to meet people’s needs and thus influencing its sales potential and viability. With repurposing, the transformation story is inherently greater than with repair, refurbishing or remanufacturing, so we tend to see repurposed objects as more creative or unique, and their story is more compelling. On the other hand, upcycled products can also be perceived by consumers as risky, with functional, social and financial risks identified as critical barriers to purchase (Park & Lin, 2020; Yoo et al., 2021; Yu & Lee, 2019). Being upcycled is no guarantee of desirability and some upcyclers prefer to focus on aspects other than the upcycled nature of their designs (Singh & Ordoñez, 2016). In a broader market perspective, the ability to compete with non-upcycled products has been identified as a critical success factor in upcycling enterprise case studies (Sung et al., 2022).

As part of a broader research project on improving scalability and viability in upcycling design, this research aimed to expand on previous case studies and help fill the knowledge gaps in scaling up upcycling enterprises (creating furniture, lighting and bags) from an operational scalability and business viability perspective. While the focus was on designer-driven micro and small enterprises, one medium-sized and two large enterprises were included in the analysis. The results, therefore, may be of interest to larger design studios or established manufacturers considering upcycling projects.

Methods
To investigate the issue of scaling up upcycling beyond individual case studies, this research employed comparative analysis. Commonly employed methodology in the social sciences when data is insufficient to enable statistical analysis, comparative analysis seeks causal relationships across two or more cases, with some level of explanation beyond simple description (Pickvance, 2001).

Sample and Comparative Analysis Design

The cases of upcycling through repurposing waste materials to create new furniture and bags (n=20) were discovered through Internet research. To ensure a variety among the 20 cases included in the study, four sub-categories were selected: seating, small tables, lighting and bags. Although not related to furniture or interior design, bags were included to open perspectives on scaling up. From the initial search results, projects were selected based on their apparent product quality and craftsmanship and a minimum of five years of business operation as an indication of the relative viability of the enterprises behind them. Additionally, the selection aimed for a variety of waste materials, price points, and production strategies. The following tables (Tables 10.1–10.3) present material scalability factors, production scalability factors, and product and business viability factors considered in the comparative analysis, developed on the basis of literature review findings and insights.

Data Collection

Internet research was carried out using Google as well as Pinterest, Instagram and Facebook and key words ‘upcycled’, ‘upcycling’, ‘repurposing’, ‘reuse’ and ‘waste’ in combination with ‘design’ and key words related to the furniture, lighting and bag categories. Case data gathered was predominantly secondary source, with information gathered on websites and social media channels associated with the enterprises supplemented at times with existing articles and case studies. Emails were also exchanged with designer-makers or other staff in the enterprises to validate the information gathered, particularly regarding material sourcing and production steps.




Table 10.1 Material scalability factors


	Scalability Factors
	Analysis Criteria
	Categorical Values





	Waste material
	Description of waste material used in the object
	–



	Waste material uniformity
	Degree of uniformity in waste material form
	high, medium, low



	Waste source(s)
	Description of material source(s)
	–



	Waste incidence
	Qualification of the rate of occurrence of the waste material across its various sources
	sporadic, periodic, regular, continuous






Table 10.2 Production scalability factors


	Scalability Factors
	Analysis Criteria
	Categorical Values





	Production strategy
	General strategy used in the production system
	Periodic batches, batch-to-order, made-to-order, custom batch-to-order, custom made-to-order



	Design and production approach
	Design and production characteristics and key steps in material preparation and production
	–



	Product options
	Size, colour or other customization options
	–



	Production complexity
	Steps involved, labour intensity, level and prevalence of required skills
	high, medium, low






Table 10.3 Product and business viability factors


	Viability Factors
	Analysis Criteria





	Design/creativity value
	Uniqueness, innovation, functionality, quality, features, aesthetics, product options



	Storytelling value
	Past identity salience of the object, design or communication initiatives to convey the story of its past identity



	Environmental sustainability value
	Material that is difficult to recycle, the proportion of upcycled vs new material content of the object, other sustainability practices of the enterprise



	Social sustainability value
	Socially responsible production, profit sharing



	Price competitiveness
	As compared to products of comparable functionality, quality and design/creativity value on the market (upcycled or not)



	Distribution channels
	Self-distribution, number and complementary nature of other distribution channels, shipping factors



	Communications and community building
	Community of interest related to the previous life of the material or resulting product, social media approach, quality and consistency



	Number of followers
	Number of followers on Instagram



	Staff size
	Number of full-time employees, including the owner, on average



	Business started
	Year the company or individual started doing their business





Data Analysis

Based on the production approach, labour intensity, and the skill level required, an assessment of production complexity was evaluated for each case, with three possible values of high, medium or low. This categorical assessment was qualitative and was not validated by the enterprises. For instance, when the process required relatively rare skills related to the designer’s tacit knowledge, (such as metal forming techniques using bicycle rims) and/or high labour intensity and multiple handmade processes, complexity was rated medium or high. Other qualitative factors have been synthesised as:


	Scalability enablers and scalability challenges, relating to both material and production aspects of scaling up from an operational standpoint; and

	Viability enablers and viability challenges relating to the project and the business, such as its distribution network, brand reputation, and so on.



The secondary data gathered and subsequent validations with the upcycling designers or companies were summarised for seating, tables, lighting and bags in the comparative analysis tables, which can be accessed through the online appendix at: https://spectrum.library.concordia.ca/993978/1/Upcycling%20comparative% 20analysis_dataset.pdf

Results
Furniture and Object Case Characteristics

The cases selected resulted in a wide variety of products within each of the four categories and particularly across the 20 projects, ranging from pendant lamps serially produced from wine bottles, priced at €49, to a complex coffee table hand-crafted to order from scrap wood and designed by upcycling design pioneer by Piet Ein Eek, with a price tag of €3,014. Thirteen cases were micro-enterprises of one to nine employees, including five solo entrepreneur ventures (who, in some cases, outsourced to production partners). Five other cases were well-established small enterprises of 10 to 49 employees. Freitag, with 250 employees, is the largest upcycling-driven manufacturer. In the large enterprises cases of Delta Light and Lufthansa subsidiary Miles & More, the upcycled product was part of a special project within the companies’ typical product lines. The data for the 20 projects covered 21 enterprises, as Miles & More, the producer, outsourced manufacturing to upcycling studio B2L Group, so information from both companies was included. Table 10.4 provides a summary of categorical data aggregated from the projects/cases detailed in the online appendix. In half of the cases, the waste material was from commercial or institutional (public service-related) sources. Four cases used industrial (manufacturing) waste, while the remaining seven cases used post-consumer waste. Waste material uniformity was assessed as either medium or high, with waste incidence rates that were regular or constant for 16 of the 20 cases.

Periodic batch production was predominant, accounting for two-thirds of the cases. Danish enterprise Traels, which only sells to institutions or businesses, uses a ‘batch-to-order’ strategy, requiring a minimum order of ten units of its Airbag puff cushion. Two seating projects adopted a mixed approach, with the structure of the stool or chair produced in batches and their seats (and backrest in one case) made to order, allowing for custom colour or artwork options. Eight of the 20 cases also offered custom order options for individuals or multi-unit corporate orders.
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As a critical scalability factor, the results of the production complexity assessment underscore the craft production nature of repurposing, with only five of the 20 projects evaluated as low complexity and the rest evenly divided between medium and high complexity. As a potential indicator of viability, fewer than half the enterprises had less than 3,000 Instagram followers at the time of writing, and five had less than 1,000, which may also suggest that these enterprises may be connecting with their audiences in ways other than Instagram. Six cases had between 3,000 and 10,000 followers, while the five remaining were over 10,000, with bag-makers Elvis & Kresse at over 35,000 and Freitag at over 192,000, numbers which also reflect the longevity of these companies.

Material Selection and Sourcing Scalability Factors

Decisions related to waste material and its sources are key to both scalability as well as viability, as they have a direct impact on costs. Table 10.5 summarizes enablers and challenges in this regard. Material prevalence is an obvious factor. Abundant materials such as wine bottles and scrap wood are commonly seen in upcycled products; however, this can result in increased competition and less product differentiation, thus affecting viability. Cardboard pendant lamps are a good example of this. The relative difficulty of sourcing less common materials such as skateboards or used sails serves to illustrate the advantages of establishing sourcing networks. For example, Alchemy Goods installs branded bins in a network of bike shops to collect inner tubes, as does Mister Wilson’s with skate shops to collect used and broken skateboards.


Table 10.5 Material selection and sourcing scalability enablers and challenges


	Material scalability factors
	Enablers
	Challenges





	Waste material selection
	Prevalent or abundant material
	Limited, uncommon or rare material



	Foreseeable prevalence in the future
	Uncertain availability in the future



	Material with limited lifespans
	Material that is becoming outdated



	Difficult to recycle material
	Material with a high value for recyclers



	Uniformity
	High uniformity
	Low or medium uniformity



	Source(s)
	Multiple sources
	Single source or only a few sources



	Close/easy-to-access sources
	Far/difficult to access sources



	Reliable source
	Unreliable or difficult to plan around sources



	Establish one’s own sourcing network
	 



	Incidence
	Occurs regularly or constantly
	Single opportunity



	 
	Occurs sporadically or periodically



	Transportation
	Low transportation costs
	Significant or high transportation costs





The cases here show that commercial sources can work as regular sources for materials such as discarded office chairs, truck tarpaulins and wood offcuts. Institutional sources such as fire brigades (fire hoses) and national aviation or train companies (multiple components) are also reliable, with decommissioned materials available on a periodic basis. In contrast, manufacturers can offer a range of materials, from offcuts to non-compliant products. Material with inherently limited lifespans can offer good opportunities, too. Lifespan can be limited by periodicity, such as auction banners, by decreasing performance over time, such as sails or truck tarpaulins and by safety standards, such as fire hoses.

However, material transportation and storage costs and environmental impact should also be considered. For example, large sails weighing 400 to 600 kg require a platform truck to move and sources may be located far from the production location. Material selection also impacts production: time and costs required to prepare particular materials for reuse, such as cleaning, repair, disassembly, and cutting to sizes manageable for production. For example, to extract specific components during the dismantling of Lufthansa aircraft, Miles & More collaborates with a partner company that possesses the requisite machinery and technical expertise.

Material Transformation, Design and Production Scalability Factors

The processes, resources, partners and strategies involved in transforming waste material into furniture and object designs all influence production scalability, which in turn affects business viability. Table 10.6 offers an overview of how these factors work. The material form can become a production scalability opportunity: if the form is already engaging and functional for the new purpose, it may only require minimal transformation. Delta Light’s aluminium profile offcuts are a good example, with their sophisticated extruded form requiring only simple cutting, grinding, powder coating and assembly to work as a very contemporary-looking wall sconce. Commonly available tools, facilities and processes requiring common skills, such as sewing and standard metalwork, help keep costs in line. For Rebottled’s lamps made from wine bottles, the relative simplicity of the production approach also enables the enterprises to outsource their production to bring down their costs and adapt to demand fluctuations.

Automation is a significant enabler of production efficiency, although it typically requires the use of uniform materials. The flooring and ceiling panels from Dutch Railways decommissioned regional trains are uniform enough to use CNC routers to cut forms for Veldtwerk’s chair and OpNieuw!’s office side table. However, some upcycled products also incorporate a proportion of virgin materials to enable automation. Mister Wilson’s stools are a good example, whereby the seat is made from used or broken skateboards and the legs are made from birch plywood, enabling them to be cut using a CNC router. Manufacturing templates such as cutting templates and sewing patterns used by bag makers or jigs used to hold steel parts together for welding help increase production efficiency and precision. Custom-made parts can be another enabler. Anti has 3D parts printed from recycled plastic, which, though relatively costly to produce, include brackets designed to work with all kinds of umbrellas and help keep overall production time to two to three hours per lamp.


Table 10.6 Material transformation, design and production scalability enablers and challenges


	Production scalability factors
	Enablers
	Challenges





	Preparation for reuse
	Material requiring little preparation
	Material requiring significant preparation



	Transformation
	Material and design requiring minimal transformation
	Material and design requiring significant transformation



	Tools and facilities
	Material and design requiring commonly available tools and facilities
	Material and design requiring specialised tools and facilities



	Processes and skills
	Material and design that reduces production steps and time, and requires simple processes and/or common skills
	Material and design that increases production steps and time, and requires complex processes and/or high level or specialised skills



	Automation
	Material and design that allows automation
	Material and design that requires handmade processes



	Material variations
	Design that adapts easily to material variations
	Design requiring significant changes for material variations



	Manufacturing partners
	Local, cost-effective manufacturing partners for major manufacturing steps or specialised processes
	Long distances from manufacturing partners, or high local costs



	Outsourcing
	Material and design that allows cost-effective national or international outsourcing of production steps to manufacturing partners with equitable labour practices
	Large, heavy materials or resulting products that impede outsourcing



	Product options
	No options or few options
	Multiple options



	Production strategy
	Flexible batch production, batch-to-order, and/or limited series of significant size
	One-offs, made-to-order, and/or small limited series





Viability Factors

While scalability factors often impact viability as well, viability factors per se focus on the four types of upcycling value creation identified in the introduction, as well as price competitiveness, distribution, communications and community building. Table 10.7 aggregates viability findings from the cases. As with production scalability, material factors play an essential role in a product’s viability. Some materials come with an inherent community of interest, such as cyclists (Bike Furniture Design), sailors and sea-lovers (Salty Bag, and Dvelas’ chair) or aviation enthusiasts (Lufthansa table). Material variations can be leveraged to help reinforce the uniqueness of a product: Freitag, for example, uses different colours and graphics of truck tarps to create unique designs. Materials from rare sources can create a sense of exclusiveness with a limited series, as does Mariclaro with leather from cult brands of vintage cars.


Table 10.7 Viability enablers and challenges


	Viability Factors
	Enablers
	Challenges





	Design/creativity value
	Design with unique, creative, innovative and/or aesthetic qualities
Material variations leveraged to enable unique designs using existing templates
Material from rare sources or rare versions of materials to create limited editions
	Many products use the same waste material
Unoriginal or outdated design/aesthetics
Overly niche design or aesthetics
Trendy design becoming quickly outdated
No colour options



	Functional value
	Material and design suitable for a variety of applications or environments
Product for multiple purposes or configurations
Features that increase functionality
A choice of colours, sizes or other options
	 



	Storytelling value
	Product design makes past identity easy to discern
Product design includes text about past identity
Packaging or merchandising mentions past identity
Website or social media refers to past identity
Connections to material’s past life through details about its existence
	Past identity is difficult to discern

Past identity is not communicated



	Environmental sustainability value
	Material that is difficult to recycle
A high proportion of material content is upcycled
Non-upcycled materials are recycled
Designed for long life
Repair service to extend product life
Platform for exchange or resale
End-of-life take-back possibility
	Significant proportion of new (virgin) material content
Lack of information on product quality or longevity
No repair option



	Social sustainability value
	Produced using equitable labour practices
Produced through a social enterprise
A proportion of profits donated to a social cause
	Produced in a country known for unfair labour practices with no mention of these concerns



	Price competitiveness
	Competitively priced vs comparable value products (upcycled or not)
	High prices vs comparable value products (upcycled or not)



	Distribution
	Distributed through different channels
Many distributors are complementary to one another
Only one unit of a product with a given material colour/pattern made available at a time
Low shipping costs
	Self-distribution only
High shipping costs



	Community
	Material or products with a community of interest
	Inconsistent use of social media



	Building and communications
	Consistent social media posting to increase reach
Engaging images of sourcing and production process
Celebrating the past lives of material
Celebrating the craftsmanship of the people involved
High-quality photos of products in use contexts
Participation in design and sustainability exhibitions
Media coverage
	Uninspired or low-quality content

Low number of followers





While uniqueness is often a strong driver of upcycled products, functionality and the ability to fit into a variety of applications can enable a broader market for a product. Simple white Dacron sail material makes Dvelas’ outdoor chairs suitable for a wide range of environments, thus facilitating commercial sales. The stool that can work as a mini table, the laptop sleeve in a backpack, and the choice of sizes, colours, patterns, and finishes — all features which enhance the functionality, suitability and perceived value of an upcycled product. There are also different ways to leverage past identity in the storytelling of upcycled products. Markings occurring on the original material can be leveraged in the design, such as markings on a firehose that we see on the bag or typography on an aircraft fuselage that forms a pattern on a tabletop. Text relating to origins can be incorporated into the design of the product or its merchandising, as Mariclaro and Salty Bag do in different ways (see Figure 10.1). Each Salty Bag product includes numbers on its hang tags, which allow customers to find information on its website about the particular sail used in that bag: the type of sail, its geographic origins, and where it was sailed. Reinforcing uniqueness in their online store product selection, bag makers Mariclaro and Freitag websites appear to offer only one unit at a time of each bag model made with a given material source (colour and/or graphics). By adding a sales revenue stream, bag makers such as Alchemy Goods can produce multiple units branded with the client’s logo (see Figure 10.2).
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Figure 10.1 Past identity conveyed through product design and merchandising.
Left: Mariclaro Vie+ Purse Wow Airlines Airbus A321 (https://www.mariclaro.ca/collections/air-canada/products/mariclaro-vie-purse-wow-airbus-a321); middle: Salty Bag Instagram post 1 (https://www.instagram.com/p/CUhfYu2o30h); right: Salty Bag Instagram post 2 (https://www.instagram.com/p/BcC-XNCFvIM)
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Figure 10.2 Corporate orders of alchemy goods products.
Left: Instagram post – Ever Thought About Making Your Promo Products from Old Bike Tubes?! (https://www.instagram.com/p/CLcQo4oAIj6/); right: Shimano Transforms Old Bike Tubes into Zipper Pouches (https://www.ecologicdesigns.com/shimano-transforms-old-bike-tubes-into-zipper-pouches/)

In terms of environmental sustainability value, some cases stand out through their use of materials that are difficult to recycle, such as umbrellas or fire hoses. Considering other sustainable practices, micro and small enterprises do not typically have the resources to organize practices such as end-of-life product take-back systems, but some offer extended repair guarantees. Elvis & Kresse and Freitag, two relatively larger enterprises in the sample, have been awarded accolades for a range of sustainability practices across their operations. Freitag notably offers free spare parts for self-repair and the possibility of swapping one’s bag for that of another customer via the company’s resale platform on its website. On the social sustainability front, Danish company Traels and Dutch enterprises Tolhuijs Design, OpNieuw! and Rebottled all employ workers from vulnerable sectors of society, either directly or through outsourcing partners. Moogoo’s furniture production creates equitable employment in African countries such as Burkina Faso. Elvis & Kresse, a certified B-corporation and accredited Living Wage Employer, donates 50 per cent of their profits to inspiring charity causes.

Pricing is a strategic decision affecting sales and profit margins. In the bag market, products must compete with hundreds of others of similar form and functionality, and the pricing of the cases analysed tends to be competitive with prices of products that are comparable in quality. In the other categories, there were some variations, but the general sense of competitiveness with comparable products remained. Distribution was a weak point for many of the cases in the sample, with self-distribution through their website being the norm, fuelled by word-of-mouth and social media. Instagram can be a significant enabler of brand awareness, but this typically requires a large base of followers as well as a healthy level of follower engagement. A few cases have opted for more diversified distribution strategies, which can be an effective strategy if profit margins and resulting sales volume make it worthwhile. Three of the five bag distributors use third-party distributors, notably Alchemy Goods (165 retailers + several online stores + Amazon) and Freitag (30 company-owned stores + 257 independent retailers). In furniture and lighting, Dvelas and Tolhuijs Design also have networks of outside retailers or online stores. As large enterprises, Delta Light and Miles & More can leverage their international distribution networks to help find customers for their upcycling projects.

To build and nourish their communities of interest, the enterprises analysed employ a few key strategies. The first is to celebrate the past identity of materials with engaging photos that show these past lives in context, as does Bike Furniture Design and Dvelas, which notably uses stock photos and reposts of magnificent sails and sailboats from other accounts (see Figure 10.3). Another approach is to engage followers in the material sourcing and product production processes with images that also highlight the labour and craftsmanship involved and help justify the pricing. Freitag details its 15-step process on its website. Detailing the material composition of a product also underscores its sustainability in a transparent, credible way.
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Figure 10.3 Instagram posts celebrating the past lives of material.
Left: Photo of a sailing yacht regatta (example of types of photo posted by Dvelas) (https://pixabay.com/photos/boat-veil-sailboat-sea-ship-5159223); right: Gregg, A. 1986. Photograph. Bike Furniture Instagram post – Campus usually has decent snowbanks. Greg Potvin on his Kos Cruiser at Lee Hall, Spring 1986 (https://www.instagram.com/p/BNztIQRhWy0)

Different mediums can serve different purposes. Videos on websites and social media provide an opportunity to present the underlying ethos and reveal the process that goes into making the products. Blog posts can tell a more detailed story of the design, production and features of specific products. In addition to website and social media content, Alchemy Goods employs online advertising to maintain the visibility of its products and to enhance the likelihood of conversion among visitors to its website. Given the competitiveness of the US bag market, this may well be an essential tactic for the company. Several enterprises have taken part in design or sustainability-related exhibitions, and many have benefited from media coverage by publications of various types, potentially helping to reinforce their authority and prominence in Google search results.

Discussion and Conclusion
Material and Production Scalability

In regards to material, the sourcing networks set up by many of the enterprises in this comparative analysis align with the case study findings of Sung et al. in terms of the effective use of material sourcing partnerships, which ensures the reliability and efficiency of waste material to work with (Sung et al., 2022). In terms of production, results from the 20 projects/cases confirm the prevalence of craft production techniques as a defining characteristic of upcycling based on repurposing. The companies Elvis & Kresse, Dvelas and Alchemy Goods have grown into significant small enterprises, while Freitag has become a serious medium enterprise with 250 employees and distribution network in 23 countries. Yet, the production of these companies continues to be characterized by craft methods. Two of them have had to resort to international production to meet their needs. Elvis & Kresse set up its second workshop in Turkey, while Freitag has outsourced sewing to lower-cost European countries. While internationalizing production has an impact on the environmental sustainability of their products, it seems to be a necessary trade-off to ensure a high enough level of scale for these enterprises. For smaller players, keeping production processes simple is an important theme in that it makes it easier to find workers with the skills required and keep costs relatively low.

Anti’s use of 3D-printed parts to accelerate its umbrella lamp production is a good example of using technology to increase efficiency, dovetailing with previous case study findings of production innovation for competitive advantage (Sung et al, 2022). Automation using technologies such as CNC routing is another example, which works for uniform waste material. Design and creativity are integral to the value proposition of upcycling through repurposing. This leads upcyclers to behave in a manner similar to many other designer-makers of unique craft objects. It has been observed that these creators typically employ low-volume local and artisan production methods to create high-margin products that appeal to niche customer segments. These products are then sold via narrow distribution channels, such as direct online sales, local retailers, or specialized e-commerce platforms (Doussard et al., 2018). The findings confirm the prevalence of design and creativity in the cases and demonstrate how this business model can be implemented effectively. Uniqueness is achieved by leveraging the unique characteristics of the material, while the use of recurring designs, patterns, and jigs ensures efficiency.

Product/Business Viability
Although this research does not provide data on the financial viability of these projects/cases, the relative longevity of the companies suggests that most are at least surviving well enough thus far. Sung et al’s (2022) paper presented three upcycling case studies that identified the success factors of competitiveness – one of which was competing with non-upcycled products in terms of quality and price. Based on comparable materials and handcrafted quality, the products appear to be competitively priced, especially in the bag segment. Previous case studies on Freitag and Elvis & Kresse highlight the success of these enterprises, which suggests that labour-intensive upcycled goods production in a competitive market (e.g., bags) can be viable with high enough prices. However, this can require an ability to position the products in the luxury category. As research on sustainability suggests, the broader environmental and social sustainability practices of these two companies help them stand out as exemplary and may well help make customers feel better about paying high prices. Freitag, as an early pioneer of upcycled bags, has become an icon over time, and for people visiting Switzerland, an iconic Swiss brand with an alternative vibe (Budgen, 2017).

Distribution models tend to reflect the relative scale of the enterprises. While most rely on self-distribution, a subset has demonstrated considerable success, as evidenced by their Instagram follower numbers. There appears to be a relationship between Instagram’s success and the consistent, engaging quality of the posts. As a vehicle for the communication of design, creativity and storytelling about past identity and sustainability ethos, the effectiveness of social media in general, and Instagram in particular, appears to be a key viability enabler. This aligns with previous findings on marketing effectiveness (Sung et al., 2022; Sung & Abuzeinab, 2022). On the other hand, Traels and OpNieuw! show the potential for selling to business and institutional markets, at least as an additional channel to pursue, as other companies such as Rebottled and Dvelas seem to be doing.

Identity, Connections and Location Set the Agenda

For micro enterprises, scaling up is fundamentally shaped by founders’ self-identity, their vision of their project and the resources at their disposal. Skater Florian Bürkle repurposes skateboards into stools, while cyclist Andy Gregg transforms bike parts into seating; each benefits from their communities for materal sourcing. Local partners play a crucial role in the success of sustainable business projects (Lewandowski, 2016; Sung et al., 2022), with waste material source partners being the first to align. Mark Howell’s rainy London location makes lost or broken umbrellas an abundant waste material for him and the city’s museums have been happy to provide him with a steady supply. After sourcing, building relationships with influencers or broader communities of interest provides paths for growth. For example, Dvelas founder Enrique Kahle is both a sailing enthusiast and an architect, giving him connections to each of those worlds and influencing the types of customers he has found as well as his production methods. Similarly, Markus and Daniel Freitag’s background as cyclists informs Freitag’s bag designs, and the company has always cultivated strong ties with this community through online engagement and live events, helping to give their brand its cult status. These elements collectively determine what upcyclers design, how they source materials, build networks, produce products, position themselves in the market, and scale their business.

Contributions, Limitations and Future Research

This comparative analysis of furniture, lighting and bags made by upcycling expands on previous case studies, enabling the identification of a wide range of scalability and viability challenges and enablers across 20 cases/projects (involving 21 companies). This research provides insight into several aspects of furniture and object upcycling from the perspective of both design entrepreneurs and enterprises. Cases were selected based on upcycling through repurposing, so results should be considered specific to this area of upcycling. Information gathered was mainly secondary data based on the websites, social media channels, and, in some cases, articles on the companies. Interpretation of enablers and challenges was carried out based on the primary author’s experience and tacit knowledge. In light of the crucial role of scaling up in enhancing the impact of upcycling, primary source research among upcycling enterprises on scalability and viability could assist in the quantification of success factors and the identification of additional feasible paths to scaling up. Expanding the scope to encompass other sectors where repurposing is happening, such as fashion and architecture, and other forms of upcycling, such as refurbishing and remanufacturing, would provide invaluable insights into the scaling up of these sectors and upcycling approaches.
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Chapter 11

Key Challenges and Success Factors for Scaling Up Upcycling Businesses Across Industries and Countries

Kyungeun Sung, Amal Abuzeinab and Richie Moalosi

Introduction
In an age characterized by mounting environmental concerns, resource scarcity and a pressing need for sustainable solutions, upcycling has come to the forefront as a transformative concept that presents both challenges and opportunities for companies worldwide. Upcycling is the process of creatively reusing discarded materials to create products of higher value. It has gained momentum as a crucial component of the circular economy – an alternative to the current linear economy of take-make-use-dispose (Stahel, 2016). It employs a range of material processes and innovations to transform waste and used products, components, and materials into items of higher quality/value compared to their original compositional elements (Sung, 2017). Examples of upcycling comprise innovative or advanced forms of repair, reuse, repurposing, refurbishment, upgrade, redesign, remaking, remanufacturing, and recycling – all encompassed within the circular economy (Sung, 2023). Upcycling, as a principle, promotes greater material/resource efficiency and decreases solid waste, industrial energy consumption, and associated carbon emissions in manufacturing and processing with virgin materials, thus aiding the achievement of net zero (Caldera et al., 2022; Coppola et al., 2021). Upcycling not only reduces negative environmental impacts but also creates new job opportunities and reduces material costs (Jayasinghe et al., 2021; Pandit et al., 2020). Despite the advantages and the recent surge in the number of companies adopting upcycling, it remains a niche practice (Singh et al., 2019; Sung et al., 2019a). Expanding upcycling from a niche to a mainstream practice or scaling up has the potential to realize its benefits fully. Understanding the interconnected and mutually reinforcing challenges within the global upcycling value chain is pivotal to expanding global upcycling enterprises. For instance, the unfavourable perception of British consumers towards upcycled items impacts the market demand, thereby affecting the price and sales, resulting in a constrained market with limited high-quality product availability that, in turn, reinforces the consumers’ negative view regarding upcycled goods (Singh et al., 2019). The interrelationships between factors make it difficult to establish which challenges can be prioritized in effectively scaling up upcycling businesses. In addition, existing studies of upcycling have been primarily focused on particular industry/sector (or waste streams) and countries/regions such as: (i) plastic waste upcycling (Chen et al., 2021; Blank et al., 2020; Lee et al., 2023; Zhao et al., 2022); (ii) fashion and textile upcycling (Aus et al., 2021; Marques et al., 2019; Haslinger et al., 2019); (iii) furniture upcycling (Kim & Yoon, 2016; Billinghurst, 2021; Baik & Kim, 2014); (iv) organic waste upcycling (Park et al., 2023; Areniello et al., 2023; Lasaridi & Stentiford, 2011); (v) paper upcycling (Ma et al., 2016; Zhou et al., 2021; Lopez & Faucheu, 2021); (vi) upcycling in the UK (Sung et al., 2019b; Singh et al., 2019; Sung & Cooper, 2015); (vii) upcycling in Europe (Sung et al., 2022; Ballerstedt et al., 2021; Brykała et al., 2022); (viii) upcycling in Americas (Bandara et al., 2020; Grasso et al., 2023; Jain & Gualandris, 2023); and (ix) upcycling in Asia (Kim, 2023; Yoo et al., 2021; Sharma & Gupta, 2014). The factors that influence the success of upcycling businesses across industries and countries are largely unknown. Therefore, there is a need for cross-industry and cross-country research that could potentially enable large-scale, global collective efforts to scale up upcycling to unlock opportunities for positive change. This study, therefore, aimed to identify critical global challenges and success factors for scaling up upcycling businesses across industries and countries.

Literature Review
Global Challenges for Scaling Up Upcycling Businesses

There are roughly eight common categories of cross-industry and cross-country challenges in upcycling: (i) design, making and production; (ii) materials; (iii) consumers; (iv) product; (v) marketing; (vi) space; (vii) regulations, standards and guarantees; and (viii) finance (Sung & Abuzeinab, 2021). Challenges in design, making and production are mainly related to limited knowledge, skills and capacities in upcycling businesses (Caldera et al., 2022; James & Kent, 2019; Singh et al., 2019), and time-consuming processes, especially for disassembly (or deconstruction) and manual work (handcraft) (Paras & Curteza, 2018; Chuma et al., 2019; Sung et al., 2017) with added complexities such as sorting and processing before manufacturing (Cumming, 2017). A lack of suitable production facilities and equipment has also been mentioned frequently by many scholars (Hjelmgren et al, 2014; Blank et al, 2020; Sung et al, 2020). There is particular difficulty in creating functional (e.g., furniture) or structural (e.g., construction) products by using upcycling (Ali et al, 2013; Oyenuga et al, 2017). There is also a risk of production for no demand (Hjelmgren et al., 2014). Challenges in materials are mostly related to material limitations (e.g., inconsistency and variety in type, size, colour, and patterns) that define processes (Ali et al., 2013; Cumming, 2017; Sung et al., 2017). There is difficulty in sourcing affordable, sufficient, various quality materials with certainty and stability (Han et al., 2015; James & Kent, 2019; Sung et al., 2020). Labour-intensive material sorting processes, storage of materials, and frequent transport associated with sourcing materials from multiple sources often result in high costs (Han et al., 2015; Sung et al., 2017; Paras & Curteza, 2018). Consumer challenges are largely negative perceptions and attitudes towards upcycled products: for example, some people think that upcycled products have poor finishing, reduced durability and low cost-effectiveness (Sung et al., 2017; Singh et al., 2019; Caldera et al., 2022). There is also a general lack of interest in, awareness or understanding of upcycling among consumers (Singh et al., 2019; Peirson-Smith & Evans, 2017). The main product challenge is limited, good or high-quality upcycled goods (Sung et al., 2017; Singh et al., 2019). The unique aesthetic of upcycled products is not necessarily to everyone’s taste (Han et al., 2015), and there are potential health and safety risks from the often untested/unwarranted materials (Blank et al., 2020; Oyenuga et al., 2017). The main marketing challenges are high retail prices (Singh et al., 2019; Ozdamar-Ertekin, 2019) and difficult and expensive promotions (Caldera et al., 2022; Sung et al., 2020).

It is challenging to identify suitable marketplaces, buyers or consumers, and relevant sales and promotion opportunities offline and online, especially when/where there is no category for upcycled products (Sung et al., 2017). It is time-consuming and expensive to advertise and promote each one-off product, and it is not easy to get the narratives and keywords right for effective social media promotion (Singh et al., 2019). From the consumers’ perspective, the current marketing of upcycled products does not offer adequate access to the products or a satisfactory shopping experience, such as difficulty finding individual shops/makers (Sung et al., 2020). The space issue is a general problem in which there is not enough reasonably priced room for storing materials or carrying out upcycling work, nor for the display of upcycled products for both upcycling businesses and retailers (Sung et al., 2017; Singh et al., 2019). Challenges in regulations, standards and guarantees include insufficient quality checks or warranties for upcycled goods, complicated waste management and donation laws/regulations, and inconsistent or non-uniform policies, regulations and standards for upcycling (Singh et al., 2019; Sung et al., 2020). Financial challenges are financial constraints or struggles that various upcycling businesses/initiatives have faced, as well as a lack of funding schemes and financial incentives (Caldera et al., 2022; Singh et al., 2019).

Global Success Factors for Scaling Up Upcycling Businesses

There are about ten common success factors identified for scaling up upcycling businesses worldwide. Firstly, it has been proposed that raising consumer/citizen awareness and education is necessary for scaling up. Pertaining to consumer education, the following recommendations have been made: (i) provision of practical workshops and design guides, (ii) involvement of citizens as volunteers and participants in upcycling events, initiatives and networks, (iii) awareness-raising campaigns and communication through various media, and (iv) environmental labelling of products (e.g., providing information regarding the environmental impact of both mass-produced and upcycled products) (Sung et al., 2017; Singh et al., 2019; Caldera et al., 2022). Second, suitable technologies, techniques and innovation in production would be helpful for scaling up. Various authors have stressed the importance of pinpointing well-suited methods and techniques, incorporating system-level, integrated strategies for waste treatment and production with upcycling, and exploring innovative approaches in new product development and technology solutions (Steinhilper & Hieber, 2001; Paras & Curteza, 2018; James & Kent, 2019). Third, targeting promising areas could be beneficial for effective scaling up, such as automotive products, electronics, furniture, clothing, patios, walkways, and planters (Steinhilper & Hieber, 2001; Oyenuga et al., 2017; Cumming, 2017; James & Kent, 2019). Fourth, various methods for enhancing material supply have been proposed for scaling up, including the implementation of material databases, the provision of materials and their testing, an integrated material sorting system within the current waste collection facilities, and autonomous resource hubs (James & Kent, 2019; Singh et al., 2019; Caldera et al., 2022; Sung, 2021). Fifth, several suggestions have been made regarding effective marketing for scaling up, including reasonable prices through Value Added Tax reduction, use of social media and relevant trade shows/fairs, and integration into the mainstream market, for example, by selling in high-street shops (Han et al., 2015; Sung et al., 2017; Caldera et al., 2022; Sung et al., 2020). Sixth, support is needed to better mobilize resources and knowledge for scaling up. Suggestions include training programmes for knowledge transfer and capacity building, a knowledge-sharing platform, creative business management support in general, a guild for workload sharing and human resource support and industrial equipment rental services (Sung et al., 2017; Singh et al., 2019; Caldera et al., 2022). Seventh, financial support and incentives for upcycling businesses and initiatives such as tax reduction, favourable loans, good business rates and funding schemes, have been suggested (Singh et al., 2019; Sung et al., 2020; Sung et al., 2019a). Eighth, it has been suggested that engaging and collaborating with different stakeholders would facilitate scaling up, such as more prominent brands, local communities, maker spaces, academic partners and local authorities (Han et al., 2015; Seravalli, 2016; Caldera et al., 2022). Ninth, legal support has been recommended in relation to the donation and collection of waste materials, as well as regulatory considerations in the transfer of new technologies to commercial markets (Blank et al., 2020; Sung et al., 2020). Tenth, appropriate business space has been suggested for material storage, deconstruction of materials, and new product development (Sung et al., 2017; James & Kent, 2019).

Methodology
This study aimed to identify the critical global challenges and success factors for scaling up upcycling businesses across industries and countries. Interpretive Structural Modelling (ISM) was employed as a qualitative and interpretive method used to structure various factors into a hierarchy based on their importance and visualize the interaction between these factors to address these factors in order of importance (Attri et al., 2013; Abuzeinab et al., 2017). Two exploratory ISM workshops and one confirmative ISM workshop were carried out between July 2022 and June 2023.

Interpretive Structural Modelling (ISM)

Interpretive Structural Modelling (ISM) is a recognized methodology for identifying the relationships among individual elements that define a problem, originated as an interactive group learning process (Attri et al., 2013). ISM has been widely used to explore various challenges/barriers/obstacles and success factors in different areas and disciplines. The process involved in the ISM method includes several steps. Step 1 is to identify variables affecting the system under examination. Step 2 is to create a structural self-interaction matrix (SSIM) to display dependence among all possible pairs of elements, determined by a contextual relationship showing which elements affect others. Step 3 involves creating a reachability matrix (RM) from the SSIM and verifying its transitivity. The transitivity is a basic assumption in ISM. This means that if variable X is related to Y and Y is linked to Z, then X must be related to Z as well. Step 4 involves categorizing variables based on their driving and dependence power using MICMAC (Matriced’ Impacts Croise’s Multiplication Applique and Classment) analysis – or Cross-Impact Matrix Multiplication Applied to Classification. Step 5 is to partition the reachability matrix into distinct levels. Step 6 entails drawing a directed graph based on the relationships present in the reachability matrix while removing the transitive links – in other words, developing the ISM model. Step 7 is to check for conceptual inconsistency and make any necessary modifications (Attri et al., 2013; Ravi & Shankar, 2005; Shahabadkar et al., 2012).

Interpretive Structural Modelling (ISM) Workshops

Two online ISM workshops of an exploratory nature were held in September 2022, followed by a third and final ISM workshop in June 2023, which took place in person to verify and validate the findings. Nine upcycling experts from academia and industry in seven countries across Africa, Asia and Europe (Botswana, India, Kenya, Nigeria, South Africa, South Korea, UK) participated in the exploratory online workshops. The in-person confirmative workshop involved seven global experts in upcycling and sustainable production and consumption from Germany, Japan, Netherlands, Sweden and the UK. At the beginning of each workshop, the aim and objectives of the workshop and procedures were explained. The workshop was structured with each challenge or success factor presented alongside others (Figure 11.1). Participants were asked as to whether the presented factor would impact the other factors. Individual perspectives were gathered and group consensus was achieved, documenting key points and conclusions through note-taking and video recording of the workshops with participants’ approval.
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Figure 11.1 Illustrative diagram example presented during the ISM workshops.

Development of ISM Models
Identifying Key Variables

The factors (global challenges and success factors identified from the literature review) were narrowed down to six each (the maximum, manageable number) for the ISM workshops. To narrow down the factors, an expert online survey was conducted between July and August 2022. This was sent to 21 global upcycling experts via email and 14 responses were collected (67% response rate). The respondents were nine academics and five practitioners (nine men and five women) with expertise in upcycling from 12 countries on five continents (Australia, Botswana, Chile, Costa Rica, Ghana, Hong Kong, India, Nigeria, South Korea, Sweden, UK, Zimbabwe). The survey asked the respondents to ‘select up to six key global challenges for scaling up upcycling businesses’ and ‘select up to six key success factors for scaling up upcycling businesses’ from the listed factors based on the literature review. The online survey results showed that the majority of the respondents agreed (50% and above) with six common global challenges and success factors for scaling up upcycling businesses as follows: limitations from the materials (Challenge 1), lack of facilities/equipment (C2), time-consuming processes (C3), consumers’ low awareness of upcycling (C4), consumers’ negative perception of upcycled products (C5) and limited legislation, standards, and warranty (C6) as global common challenges; and improved material provision (Opportunity 1), targeting high-opportunity product categories (O2), suitable technologies, techniques, and innovation in production (O3), varied stakeholder involvement (O4), involving citizens in upcycling initiatives/events (O5), and awareness-raising activities (O6) as global common success factors.

Developing SSIMs for Global Challenges and Success Factors

The responses and consensus of the workshop participants were analysed to establish pair-wise relationships using the Structural Self-Interaction Matrix (SSIM). Following this analysis, a contextual relationship of influence was selected, and four symbols were used to indicate the direction of the relationship between two given factors (i and j):


	V: Challenge/success factor i will influence challenge/success factor j, but not in both directions.

	A: Challenge/success factors j will influence challenge/success factor i, but not in both directions.

	X: Challenge/success factors i and j will influence each other, and

	O: Challenge/success factors i and j are unrelated.



According to the SSIM for global challenges for scaling up upcycling businesses (Table 11.1), the confirmative workshop mostly validates the results of the exploratory workshops. However, there were two controversial factors: lack of facilities/equipment and time-consuming processes. In general, most factors seem to have interdependent relationships and influences on one another. The SSIM for global success factors for scaling up upcycling businesses (Table 11.2) shows that the confirmative workshop validates the results of the exploratory workshops without any contentious factors. Most factors exhibit interdependent relationships.

Developing RMs from SSIMs

The RM (Reachability Matrix) was obtained by converting the SSIM into a binary matrix. V, A, X and O were substituted by 1 or 0 depending on the case. The substitution rules were as follows:


	if the (i, j) entry in the SSIM is V, then the (i, j) entry in the reachability matrix becomes 1, and the (j, i) entry becomes 0.
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	if the (i, j) entry in the SSIM is A, then the (i, j) entry in the reachability matrix becomes 0, and the (j, i) entry becomes 1.

	if the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability matrix becomes 1, and the (j, i) entry also becomes 1, and

	if the (i, j) entry in the SSIM is O, then the (i, j) entry in the reachability matrix becomes 0, and the (j, i) entry also becomes 0.



Following these rules, the RMs for global challenges and success factors for scaling up upcycling businesses are shown in Tables 11.3–11.4. As transitivity is absent, the RM matrix and final RM coincide. Tables 11.3–11.4 show the calculation of driving and dependence power within the framework of the ISM model. The driving power of each factor is the total number of factors, including itself, that it may influence. Dependence power is the total number of factors that may help address it. Based on the driving and dependence power, four clusters can classify global challenges and success factors: autonomous, dependent, linkage, and independent/driver factors. The subsequent section provides a more detailed explanation of this classification and its limitations.


[image: Table 11.3]




[image: Table 11.4]

Classifying Global Challenges and Success Factors – MICMAC Analysis

Based on the driving power and dependence power generated in Tables 11.3–11.4, MICMAC analysis classified global challenges and success factors for scaling up upcycling businesses, as shown in Figures 11.2–11.3. The diagrams for global challenges (Figure 11.2) indicate that no challenge comes under an autonomous cluster. Autonomous challenges are typically weak drivers, with little dependence and relative disconnection from the system. These challenges have minimal impact on other challenges of the system. There are also no dependent challenges. Dependent challenges require the resolution and removal of other underlying challenges. There might be one challenge within the driver cluster (not identified during exploratory workshops but acknowledged in the confirmative workshop) – C4. ‘Consumers’ low awareness of upcycling’. Driver challenges, which possess strong driving power but weak dependence power, should be prioritized and addressed first since they can impact all other challenges. Except for C4, all other challenges belong to the linkage cluster, which has a strong driving power and strong dependence. These challenges are unstable due to their sensitivity to external factors, and any action on them will have a feedback effect on them.
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Figure 11.2 MICMAC analysis for global challenges: (a) exploratory workshops; (b) confirmative workshop.

Figure 11.3 illustrates the global success factors diagrams, which indicate the absence of autonomous, dependent or driver factors. All success factors are contained in the linkage cluster, displaying strong driving power and strong dependence. Each factor’s score and position on the diagram differ between the exploratory and the confirmative workshops, with higher scores and tighter relationships between factors from the confirmative workshop. Nonetheless, the linkage cluster remains the same, thus affirming and validating the results.

Partitioning the RMs into Different Levels

From the final RM, the reachability and antecedent set for each factor were derived, after which the intersection of these sets was identified. Tables 11.5–11.6 show RMs in terms of global challenges and success factors for scaling up upcycling businesses. The 1st level was assigned to the challenges/success factors where the reachability and intersection sets were identical in the first iteration. The levels of all the challenges/success factors were established by duplicating this procedure. After determining a factor’s level, it was removed from the list of remaining challenges/success factors for the subsequent iteration. The levels denote the priorities in the ISM models’ hierarchy, with the first level being the least important.
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Figure 11.3 MICMAC analysis for global success factors: (a) exploratory workshops; (b) confirmative workshop.
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Developing the ISM Models for Global Challenges and Success Factors

From the analyses, including the levels determined, the ISM models were developed for global challenges and success factors (Figures 11.4–11.5). The ISM model for critical global challenges from the exploratory workshops shows four levels, whereas the one from the confirmative workshop shows two levels (Figure 11.4). More levels indicate stronger hierarchical relationships between the factors, whereas fewer levels indicate less hierarchical (and more equal) relationships. The first ISM model (Figure 11.4 left) shows that all the challenges are interlinked – arrow directions denoting the relationships. The model was structured on four levels. At the base of the structure, ‘consumers’ low awareness of upcycling’ will need to be addressed before moving up to Level 3 (C3. Time-consuming processes) and then Level 2 (C5. Consumers’ negative perception of upcycled products). Three challenges at the top of the structure (C1. Limitations from the materials, C2. Lack of facilities/equipment, and C6. Limited legislation, standards, and warranty) can be addressed at the end. The second ISM model (Figure 11.4 right) confirms that all the challenges are interlinked, but the model was structured on two levels only. The model confirms that C4. ‘Consumers’ low awareness of upcycling’ is the most critical, high-priority challenge that needs to be addressed first, and that is C1. ‘Limitations from the materials’ and C6. ‘Limited legislation, standards, and warranty’ are the least essential challenges that could be addressed later.
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Figure 11.4 ISM models for critical global challenges (grey cells confirmed).
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Figure 11.5 ISM model for critical global success factors from the exploratory workshops.

The ISM model for key global success factors from the exploratory workshops (Figure 11.5) shows that all opportunities are interlinked. The model was structured on three levels. At the base of the structure, priority should be given to O5. ‘Involving citizens for upcycling initiatives/events’ before progressing to Level 2, which encompasses O1. ‘Improved material provision’ and O6. ‘Awareness-raising activities.’ Subsequently, the focus can shift to Level 1, which includes O2. ‘Targeting high-opportunity product categories’, O3. ‘Suitable technologies, techniques, and innovation in production’, and O4. ‘Varied stakeholder involvement’. The confirmative workshop, however, classified all the success factors on one level, creating an ISM model structured on one level. This means that six global success factors are equally essential and can be addressed simultaneously. Therefore, it is not meaningful to visualize the model in this case.

Discussion and Conclusion
Overall, the results showed that all critical global challenges and opportunities are interlinked (within the category) and that crucial global success factors reflect critical global challenges. For example, the most critical success factor turned out to be ‘involving citizens in upcycling initiatives/events’ when the most critical challenge appeared to be ‘consumers’ low awareness of upcycling’. From the results, the following practical implications could be derived. The priority action as an intervention for scaling up global upcycling businesses should be ‘involving citizens in upcycling initiatives and events for awareness raising including campaign, communication, training, and education’ (O5 and O6) to address ‘consumers’ low awareness of upcycling’ (C4) and ‘consumers’ negative perception of upcycled products’ (C5). The second priority interventions could be ‘improving material provision’ (O1) and addressing ‘time-consuming processes’ (C3) and a lack of facilities and equipment (C2) by ‘suitable technologies, techniques, and innovation in production’ (O3).

There were some differences in the ISM models between the exploratory and the confirmative workshops regarding the global challenges. The differing demographics of the study participants may account for these results. Specifically, more participants from developing countries in Africa and Asia participated in the exploratory workshops. In contrast, all participants in the confirmative workshop were from developed countries in Asia and Europe. People in developing countries may be inclined to value mass production and harbour negative perceptions towards using waste materials due to poverty connotations instead of environmentalism (Sung, 2015). Hence, consumers’ unfavourable views towards upcycled products could carry more significance in developing countries than in developed countries. People in developed countries, however, may have encountered numerous luxury sustainable goods made through upcycling and various other handcrafted goods using time-consuming processes (Phau et al., 2022; Keith & Silies, 2015). Therefore, they may not necessarily perceive time-consuming processes or consumers’ negative perception of upcycled products as significant challenges. At the same time, they may also have greater confidence in technology or its implementation and believe that the main obstacle or challenge affecting material supply and production processes is the current shortage of facilities and equipment. Similarly, concerning global success factors, the study participants in developing countries seemed to have a stronger urge to enhance their citizens’ awareness of upcycling and improve material provision. Again, this could be attributed to the poverty connotations and less efficient waste management systems and other infrastructure that utilize waste and used materials, components and products in developing countries (Mmereki et al., 2016).

We acknowledge the limitation of this study as our approach bundled data from all countries, which fails to reflect the differences of various contexts, as demonstrated by the slight discrepancies found in the ISM models. The differences may be dependent on the socioeconomic and cultural backgrounds of the participants. Our approach also precludes comparative analysis between countries, continents, or industries/sectors. The primary objective of this study, however, was to determine the key global challenges and success factors, irrespective of contextual variations. Our main contribution to knowledge is, therefore, the identification of universal factors that can serve as a starting point for designing and developing effective interventions to scale up upcycling businesses on a global level.
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Chapter 12

Designing with Waste in Hong Kong

Kevin Cheung and Kyungeun Sung

Introduction
Kevin Cheung is a product designer in Hong Kong who has been practising upcycling for the past decade. He and his design team have created all kinds of electronic products, including speakers and flashlights. While working, he realized that what the industry required was different from what he learned at the university. What the university taught him was all about critical thinking, research and evidence-based design, creative problem solving, out-of-the-box ideas, new product development from scratch and design for social and environmental good. Every project in the industry, however, seemed to come and go in a very similar way. Designers received components or parts (or specifications) and designed pretty boxes outside, which was the standard procedure for new product development. He recalled the initial launch of his product and went to the store to locate it. In the electronics section of a Hong Kong-based retailer, he saw a whole wall of speakers of different sizes and colours. When he looked at it – the wall with his tiny contribution to it – he asked himself, ‘Why do we still need to design speakers?’. The answer: because the company’s objective was to generate profits. Designers are tasked with creating new and slightly improved products that will sell well. The issue arises when consumers upgrade to new speakers, their old ones are typically sent to landfill in Hong Kong. There are only three landfills in Hong Kong, and they are consistently being filled up, as reported by the news media every year. Every day, 18,000 tonnes of waste goes into landfill. We need to find somewhere else for landfills; in fact, we are building incinerators to burn the rest of the waste. This is unsustainable as a lot of what people throw away takes hundreds or even thousands of years to decompose. Moreover, there is a lot of valuable material in there. Kevin wondered how much of it could be used to make new products. This led him to his upcycling journey.

As part of his current work, Kevin and his team have been picking up exhibition carpets from a nearby convention centre. New exhibitions open every week. When they set up, the new carpets are cut to fit each booth, and there are lots of small pieces of carpet left over in different colours. These small pieces are too small to reuse, so Kevin’s team collects them. They sew carpet pieces together to make cases for gadgets (see Figure 12.1, first column). They also collect old or outdated wallpaper sample books or booklets and turn them into wallets (see Figure 12.1, second column). Another material they collect are broken bicycle wheels (those that are rusted and bent that cannot be normally reused or repaired). Kevin’s team used these unusable wheels, replaced the tyres with LEDs and made them into ceiling lights (see Figure 12.1, third column). The team also used old military bags, changed the structure, and reorganized the straps to make them more usable (see Figure 12.1, fourth column). The team also used the inner pots of the rice cooker, which are no longer used for health and safety reasons due to the significant scratches. They found that the resonance of the inner pots was good, so they pressed the pots into tiny bells for bicycles (Figure 12.1, last column).
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Figure 12.1 New products through upcycling by Kevin Cheung.

Boombottle is the best example of Kevin’s upcycling work. Therefore, the following section is dedicated to describing the Boombottle project in detail.

Boombottle
Boombottle was Kevin’s first upcycling project (or upcycled product). Based on his previous job designing speakers, he knew that any container could be turned into a speaker box to make it resonate. Kevin collected medicine bottles from various pharmacies and clinics, used the internal volume of plastic bottles to make them resonate, turned the bottle cap into a volume control, and put a light inside (see Figure 12.2).

Kevin wanted to design an entire production chain to handle a large volume of this waste material for mass production. He therefore worked with a plastic recycler to collect all sorts of plastic bottles. For the fabric, he used the small carpet pieces from new exhibitions at the local convention centre. He made the Boombottle speakers in a sheltered workshop that employed skilled disabled people. Kevin simplified the creation process and taught people with disabilities how to make a Boombottle speaker by hand. The entire process, from material collection to production, has been carried out locally in Hong Kong (see Figure 12.3).
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Figure 12.2 Boombottle design by Kevin Cheung.

Each Boombottle uses around 500g of material that would otherwise go to landfill. The direct environmental impact may not be significant (compared to Hong Kong’s 18,000 tonnes of daily waste). However, the portable speaker’s distinctive design and strong sound quality have generated positive word-of-mouth. Many customers contacted Kevin, inspired by Boombottle’s story. The product’s main goal is to promote upcycling and share a narrative that is worth repeating. The story has gone viral, and various media outlets have featured Boombottle and other upcycled products by Kevin over the past decade (see Figure 12.4). Boombottle has also recently been included in the permanent collection of the M+ Museum (one of Hong Kong’s most prestigious design museums).

Workshops, Installation Arts and Exhibitions
Since Boombottle’s success, Kevin has seen Hong Kong’s citizens, schools, and businesses change their perceptions, beliefs and opinions about waste and upcycling; they have also become more open to participating in upcycling projects. Kevin’s team, therefore, developed and delivered more public engagement activities, events, and exhibitions to further influence the people of Hong Kong. The first educational workshop Kevin’s team delivered was for adults to make xylophones from waste plastic Coke bottles (collected from Coca-Cola’s factory in Hong Kong). They then organized a workshop for children. As Hong Kong can be very hot in the summer, everyone carries a small fan. The children’s educational workshop used these small portable fans and waste plastic bags to create small inflatable monsters (see Figure 12.5 top). The next adult upcycling workshop was to make kalimbas using old umbrella ribs (see Figure 12.5 bottom).
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Figure 12.3 Boombottle local production process in Hong Kong.
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Figure 12.4 Media coverage on Boombottle and other upcycled products by Kevin Cheung.

In addition to educational workshops, Kevin’s team has worked with various companies, NGOs, and governments to upcycle their waste into something meaningful. For example, they had one street installation where the team asked community members to collect, clean and bring Tetra Paks (plasticized carton packaging) after they had drunk their milk, juice, etc. They taught them how to press the Tetra Paks into small windmills and these were then hung along the streets of Hong Kong. They started by making a few hundred small windmills that people could see hanging on the streets; however, people brought more Tetra Paks for further involvement (Figure 12.6).

Another street installation project was with Greenpeace who held an exhibition along the Harbourfront in Hong Kong to raise awareness of single-use plastic bags. Kevin’s team worked on the temporary shelter installation made from hundreds of plastic laundry bags. Most homes in Hong Kong are very small, and many people do not have a washing machine. People in Hong Kong, therefore, often take their clothes to launderettes and, for reasons of hygiene, use a new plastic bag to take the clean clothes home after each wash. After the first use, the perfectly reusable plastic laundry bags are thrown away. These bags are durable and have the same translucent white colour with different branding graphics. Kevin’s team used irons to melt and join them together to create a giant piece and build a temporary shelter (5m x 5m x 2m) (Figure 12.7 top). Another public engagement project was with the government who wanted to create a sustainable, upcycled bicycle that would allow cyclists to interact with picnickers in a meaningful and entertaining way. Kevin’s team created a live music platform by mounting an old piano on a tricycle. The old piano was sixty years old and had been made in Hong Kong. It belonged to a family with two children who had grown up and no longer wanted to play the piano. Kevin’s team picked it up, refurbished it and worked with a local craftsman to create the moving piano platform (Figure 12.7 bottom).
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Figure 12.5 Inflatable monsters (top); and Kalimba making process (bottom).
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Figure 12.6 Tetra Pak windmill street installation.

The team has worked on a project with a French company which sells luxury goods such as leather bags and silk scarves decorated with beautiful and delicate patterns and colours. Kevin’s team went to the company’s factory in Paris and collected all the scraps of silk that were too small to be used in any of its products. As the silk scraps were very wrinkled, they used a bamboo embroidery ring to stretch them out so that people could see their beautiful patterns. Kevin worked with a team of local women to make 5,000 of these rings and then constructed a tree out of them. The upcycled silk scrap tree was a pop-up installation in the company’s main Hong Kong store (Figure 12.8).
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Figure 12.7 Laundry bag temporary shelter (top); and moving live music platform (bottom).
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Figure 12.8 Silk scrap tree making and installation.

Discussion and Conclusion
This chapter is based on Kevin’s presentation in the Seminar on Upcycling in Asia in October 2022 as part of the International Upcycling Research Network funded by UKRI (UK Research and Innovation) AHRC (Arts and Humanities Research Council). The work described in this chapter is not exhaustive. Kevin has a much more extensive portfolio of other exciting, and fascinating projects in and around upcycling, and the list is growing by the day. If you visit his website (http://kevin-cheung.com/), you can see all the work Kevin has done over the last decade. Overall, Kevin’s work is an inspiration to all the product and upcycling designers and makers across industries and countries. More importantly, Boombottle and other upcycled products solve one of the critical problems in commercializing upcycled products – scalability (Pal et al., 2021; Singh et al., 2019). Most upcycled products are one-offs based on craft upcycling (e.g., Holdsworth, 2024). They are not necessarily suitable for mass production for the mass market, as they start from very different materials and are based on manual work without machines for standardization (Singh et al., 2019). By involving people with disabilities in the production process, Boombottle is not only environmentally sustainable, but also has clear benefits for local people and society, in line with the growing trend of using upcycling as a strategy to benefit both the environment and disadvantaged groups (Descubes et al., 2018; Pusz et al., 2024).

Many upcycling designers and makers tend to move away from making commercial products for the mass market and become artists or craftspeople for commissions or luxury one-offs, either by choice or due to a lack of infrastructure, equipment and skills (e.g., Sung and Cooper, 2015). To have a significant positive impact on the environment, economy and society, more scalable upcycling ideas and concepts should be sought and developed in the future, with a systems thinking/approach (or product supply chain consideration) involving material suppliers and production site (just like Kevin’s Boombottle). Everyone has their waste to throw away or upcycle. In this sense, Kevin believes that there are no limits to upcycling. It is for everyone and it can be done everywhere. We hope that this chapter will inform and inspire students, teachers, and professionals in the creative industries around the world to join us on our journey to spread the word about upcycling and make a real difference.
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Chapter 13

Organic Waste Upcycling for Materials Design: A New Framework Proposal Based on Food Waste

Luca Alessandrini, Valentina Rognoli and Karen Marie Hasling

Introduction
In contemporary economies, there is a growing recognition of the significance of circular economy practices, which involve upcycling waste and turning by-products into valuable materials and products (Campbell-Johnston et al., 2020). This shift towards upcycling represents a pivotal element in transitioning from a linear to a circular and potentially more sustainable model of production (Braungart & McDonough, 2013). At the heart of this paradigm are materials and their design, as well as their development through the upcycling of waste and by-products, which play a crucial role throughout the product lifecycle. The design field emphasizes the role of materials in the creative process (Rognoli et al., 2010). Approaches like DIY-Materials (Rognoli et al., 2015) and methodologies such as Material Driven Design (Karana et al., 2015) provide designers with essential tools to work with materials, enabling them to create specific material experiences (Hekkert & Karana, 2014). The design phase has been found to determine up to 80 per cent of a product’s environmental impact (Thackara, 2005). Therefore, the adoption of a materials-focused design methodology places a greater responsibility on designers to embrace a sustainability perspective and adopt a design for sustainability approach (Ceschin & Gaziulusoy, 2016). Interestingly, it is only in recent years that designers have started to delve into deeper, more profound impacts and life cycles of materials (Pollini et al., 2021), indicating a renewed interest among the new generation of designers to develop circular solutions (Rognoli et al., 2021). As a result, many designers around the world are actively working on materials with the aim of creating more sustainable alternatives (ibid.), often using upcycling to minimize the use of new raw materials and reduce the impact at the end of their life (Bofylatos, 2022).

Materials encompass the entire chain, from the extraction of raw materials to the multiplicity of manufacturing processes (Vezzoli, 2014) and serve as the foundation for product creation. As such, designers working with materials bear significant responsibility, as their choices can substantially influence the overall environmental impact of products. As many designers continue to evolve their practices, the upcycling of organic waste (OW) to create materials, in particular, can provide a further benefit, as it has a lower environmental impact in the disposal phase due to its biodegradability (Lasaridi et al., 2011): up to nine times lower environmental impact for most of the ISO14040:2006 impact categories in the disposal phase compared to non-biodegradable waste (David et al., 2020). In this regard, with organic waste, we intend biodegradable waste to have an organic origin. They can be in solid, semi-solid (with a high percentage of liquid) or fully liquid form, all of which have in common the ability to be broken down naturally by living organisms (EU Commission, 2020). A previous study (Rognoli et.al., 2023) has investigated how designers are at the forefront of developing materials that upcycle one of the most significant streams of OW: Food Loss and Waste (FLW). This occurs throughout the whole Food Supply Chain (FSC) since, globally, approximately a third of all food produced for human consumption is lost or wasted: the Food and Agriculture Organization of the United Nations (FAO, 2019) estimates that approximately 14 per cent of all food produced is lost at the post-harvest stage.

By understanding the similarities between practice-based activities on upcycling OW, other designers and companies can be inspired to adopt sustainable practices and create similar outputs by upcycling different waste streams. The research aims to envision a practical approach to promoting the potential scalability of materials as a design practice fostering positive impact trends.

Framework Development
In an attempt to provide a valuable tool for inspiring and analysing new practices, we created a framework that aims to reframe case studies from the perspective of practitioners and designers. Although there are many ways to design frameworks that can contain, organize and classify qualitative data from case studies (Cwalina et al., 2020), this study used Rognoli et al.’s (2023) recent framework, which could serve as a valuable tool for designers and companies interested in developing circular materials that upcycle OW including FLW. The previously proposed framework (Rognoli et al., 2023) formed the basis of the extended version presented here (Figure 13.1), which has the same aim: to provide both a ready-to-use visual database tool for representing case-study profiles and for collecting data on them, allowing for a more comprehensive and in-depth analysis.

Section 1 collects the case study’s general information:


	Food supply chain phase: indicates from which phase of the FSC the FLW originates.

	Year: represents the year of the project’s realization.

	Designer/brand: name of the designer or the upcycling brand that developed the case study.
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Figure 13.1 Extended FLW framework to analyse case studies.

Section 2 shows all the information regarding the downstream (FLW used), midstream (materials developed) and upstream (project outputs) of every case study (Wahl et al., 2008).


	Project output: specifies whether the designer or the upcycling brand released a new product or developed a new material using FLW.

	Type of material developed: demonstrates how the FLW was transformed into fillers, bioplastics, pigments, fabrics, leathers, non-woven textiles, etc.

	FLW: wastes coming from the FSC from the designers/brands.



Section 3 includes the processes indicated with easily recognizable icons regarding two aspects:


	Process producing FLW: summarizes five generic processes corresponding to the FSC phases, including peeling, skinning, grinding, cutting, and sorting.

	Process involved in material making: includes a collection of processes involved in making the materials used for the project outputs by the designers. These processes include scutching, washing, drying, melting, mixing, polymerization, dyeing, pressing, extruding, weaving/non-weaving, moulding and more.




[image: ]
Figure 13.2 New framework proposal.

We expanded the framework further by adopting some new classification criteria so that we can include any OWs, not limited to FLW (see Figure 13.2).

Section 1 collects general case study information:


	Year: year of the case studies development.

	Geographical location: where the case study was developed.

	Practitioner: name of the practitioner who developed the case study.

	Project name: name given to the project by the practitioner.



Section 2 is about the information regarding the aspects of upcycling:


	Project output: same as the earlier description.

	Type of materials developed: same as the earlier description.

	Organic waste used: every OW coming from multiple waste streams beyond FSC.



Section 3 was not present in the previous FLW framework. It focuses on three aspects that have been considered by the practitioners themselves in their projects, according to the findings of the previous study (Rognoli et.al, 2023):


	Scalability: In the previous study (Rognoli et.al, 2023), it was noted that the level of scalability between the case studies was very different. So here we propose to measure its level from 1 to 5, which could help to understand the level of potential impact that the cases will be able to create with their practices. Here, impact refers to the ability to use larger quantities of OW and, consequently, the ability to produce and share higher quantities of materials and products adopting it (Bofylatos, 2022). This goes along with the possibility of upcycling and the impact created through that. Level 1 indicates the case at the stage of proof-of-concept (materials/products realized but no intent for further replication). Level 2 indicates a limited series of production (e.g., a few copies of a product or modest quantities). Level 3 indicates reproducible production and intent for further production but through crafting only. Level 4 indicates replication through the combination of crafting and limited mass production techniques. Level 5 indicates replication at the industrial scale.

	Developed by local stakeholders (Yes/No): By collecting this information, we would understand if the practitioners were developing their projects with the intent to source OW or part of the processes involving stakeholders. This was a factor stated by the practitioners among the collected case studies in the previous FLW framework. It is to understand the importance of localism among the principles applied by practitioners. The nature of the involved local stakeholders can vary since localism can imply two potential effects: (i) sustainability-wise: reduction of emissions for transportation; and (ii) social-wise: potentially bringing economic and/or social benefits to local communities (Santagata et al., 2021).

	Intent to produce a social impact (Yes/No): This information indicates the practitioners’ willingness to create a positive social impact. The FLW framework has multiple ways of doing this (e.g., involving local farmers or populations in the manufacturing activities, recovering disappearing traditional crafts, using waste that causes problems to communities). This was considered an important aspect to collect as it shows how different aspects of sustainability can be combined through upcycling.



Section 4 collects information on different aspects of OW production. Similarly to the FLW framework presented previously, it starts with the collection of processes producing OW. At the same time, in this extended version, more typologies of information can be collected on who the OW producer is and the reason for the production. This aims to contribute to building a profile of the OW producer.


	Organic waste producer: Collecting information on the entities producing OW contributes to picturing a more detailed scenario of the case studies. This could offer the chance to trace profiles of who produced OW and to benefit in finding possible redundancies along the collection, possibly spotting valuable insights. Based on the knowledge collected in the previous work (Rognoli et al., 2023), these entities are by-products of other companies’ processes and waste from cultivation and domestic kitchens. However, this expanded framework aims to go beyond FLW.

	Reason for producing organic waste: OW can be produced for many reasons, including industrial processes, expired goods, overproduction, unwanted goods, etc. Tracking this aspect would lead to the possible consideration of recursive leaks in OW production while spotting OW that could be reused.

	Process producing waste: OWs are the result of processes coming from different sectors, locations, streams and stakeholders, which are managed by practitioners with the intention of giving these wastes other purposes (e.g., household waste, agricultural harvesting, fishing industry processing). Differently from the FSW framework, a few changes were made. It was noted that if this new proposed framework aims to include case studies working with as many OWs as possible, the waste-generating processes could not have been included only in the categories of the previous FLW framework, which only refers to the five given generic actions (peeling, skinning, grinding, cutting, and sorting). For this reason, a column has been left to give a brief description of each process that produces OW.



Section 5, like the previous FLW framework, is entirely dedicated to the processes that practitioners have undertaken to achieve the outputs of their projects, as well as the processes that produce OWs. Some of the 20 processes from the previous FLW framework have been excluded, as they are similar actions, resulting in 16 processes in the new framework. One process has been added: spreading. This process is widely applied to create flat materials using polymers such as alternative leathers. The selected processes were divided into three:


	Organic waste processes: processes to transform the OW to make it usable to realize materials, including scutching, peeling, drying, grinding and extracting.

	Material-making processes: processes to realize materials, including mixing/compounding, polymerization, pressing, spreading, extrusion and yarning.

	Product processes: processes to implement the realized materials into products, including dyeing, weaving/non-weaving, moulding, manipulating and coating.



Application of the Framework: Selected Case Studies
To concretely demonstrate how the proposed framework can be used to analyse and communicate practices of organic waste upcycling, this section presents a curated selection of case studies. Each case was selected to illustrate a specific combination of organic waste source, material development, production process and intended impact. The projects exemplify how design practices can promote circularity not only through material innovation but also by engaging local stakeholders and addressing social challenges.
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Figure 13.3 Case studies examples in the framework.

By mapping these real-world practices through the lens of the extended framework, we aim to highlight key parameters such as scalability, the role of local actors, and the intentional generation of social value. Together, these case studies offer a multidimensional view of upcycling as a design strategy – one that connects material experimentation, sustainability, and community-driven innovation. They also serve as inspiration for designers, researchers and industries seeking to replicate or evolve similar approaches.

Case Study 1: Piñatex

Developed by Spanish designer Carmen Hijosa, Piñatex is one of the most iconic examples of upcycling agricultural waste in the fashion sector. Originating in the Philippines, the project reuses pineapple leaves – typically discarded during harvest – to create an alternative leather. Through scutching, drying and felting processes, the fibres are transformed into a non-woven material that mimics the texture of traditional leather.

The production of Piñatex is not only environmentally conscious but also socially inclusive: it involves local farmers’ cooperatives in the Philippines, supporting rural economies and enhancing community-based production. The material has reached high levels of scalability (Level 5), being adopted by global brands such as Adidas and Stella McCartney.


	Practitioner: Carmen Hijosa

	Location: Philippines / Spain

	Year: 2015

	Organic waste used: pineapple leaves (agricultural waste)

	Material developed: alternative leather

	Project output: Used in fashion products (Adidas, Stella McCartney)

	Scalability: 5

	Local stakeholders involved: Yes

	Social impact intent: Yes.



Case Study 2: Orange Fiber

Founded in Italy in 2016, Orange Fiber is a pioneering startup that transforms orange juice industry by-products into sustainable textiles. Using cellulose extracted from orange peels – wasted during industrial juicing processes – the company creates a lightweight fabric that can be blended with silk.

The process combines traditional spinning with bio-based innovation, aligning industrial efficiency with material experimentation. Collaborating with fashion giants like H&M and Ferragamo, Orange Fiber has achieved industrial scalability while fostering local partnerships and aiming to generate positive social impact. The project sets a strong benchmark for closed-loop design in the textile industry.


	Practitioner: Orange Fiber

	Location: Italy

	Year: 2016

	Organic waste used: Orange peels from juice industry (food processing)

	Material developed: Silk-blended sustainable fabric

	Project output: Fashion collections (H&M, Ferragamo)

	Scalability: 5

	Local stakeholders involved: Yes

	Social impact intent: Yes



Case Study 3: MarinaTex

MarinaTex is a bioplastic developed in the UK by designer Lucy Hughes as a response to marine waste generated by the seafood industry. Using fish scales and skins – by-products of local fish processing – she created a translucent, flexible material ideal for packaging. Its composition, based on natural binders such as agar, allows it to biodegrade within six weeks in a home compost environment.

This project demonstrates the power of low-tech, bio-based innovation in replacing synthetic materials. Though still in a pre-industrial stage (Level 4 scalability), MarinaTex has gained international recognition, winning the 2019 James Dyson Award. The project also fosters local stakeholder involvement and aims to reduce marine pollution while stimulating eco-entrepreneurship.


	Practitioner: Lucy Hughes

	Location: United Kingdom

	Year: 2019

	Organic waste used: Fish scales from seafood industry

	Material developed: Bioplastic for packaging

	Project output: Fashion accessories

	Scalability: 4

	Local stakeholders involved: Yes

	Social impact intent: Yes



Case Study 4: Spent Coffee – High Society

High Society, an Italian design studio based in the Dolomites, has developed a series of lighting products using spent coffee grounds collected from local cafés. This organic waste, typically discarded after beverage preparation, is rich in lignin and cellulose, making it suitable as a filler in composite materials.

The studio transforms the coffee grounds through drying, grinding and mixing processes, combining them with bio-resins to form mouldable materials used in lighting design. The resulting lamps showcase a distinctive texture and scent, embodying the poetic potential of waste while contributing to a circular material aesthetic.

The project shows a limited reproducibility (Level 3 scalability), relying on local sourcing and artisanal production methods. While not explicitly targeting social impact, High Society’s approach highlights the role of small-scale, regionally grounded initiatives in valorizing urban organic waste through design.


	Practitioner: High Society

	Location: Italy

	Year: 2019

	Organic waste used: Spent coffee grounds

	Material developed: Lamps

	Project output: Consumer products and design objects

	Scalability: 3

	Local stakeholders involved: Yes

	Social impact intent: No



Discussion and Conclusion
The new extended version of the framework presented in this chapter aims to obtain more insightful results than those previously developed. The extended framework’s new section 3 (Figure 13.2) measures three correlated factors: scalability, localism and social impact willingness. This section was inspired by the previous study (Rognoli et al., 2023), indicating that practitioners considered these factors across case studies. From this perspective, using this extended framework could lead to projects that focus on social impact aspects as a rationale, becoming case studies of socially sustainable upcycling. Consequently, creativity is likely to be seen not only in the realization of sustainable materials but also in the inventiveness to make them socially sustainable. In many cases, localism is linked to sustainability through local resources or processes that reduce transport emissions (Santagata et al., 2021) and is linked to social impact (Chrispim et al., 2023). Section 4 gathers information on different aspects of OW production to contribute to building a profile of OW producers. It starts by including the processes that produce OW, going beyond the food loss and waste (FLW) framework (Rognoli et al., 2023) to include other sectors and streams. It is possible to ascertain an expanded profile of OW producers through process details, producer entities and production reasons which, in turn, allows for the identification of redundant OW production and usage opportunities. This leads to the formation of clusters of unutilized OW, which in turn suggests the reasons for its creation may be linked with sectors, OW typologies and so forth, with the potential for further upcycling possibilities. Section 5 of the new framework is dedicated to the processes that the practitioners perform to obtain their project outputs (materials or products). This section proposes an expanded version of section 3 of the FLW framework (Rognoli et al., 2023), presenting none of the five processes producing FLW (relegated to a new dedicated column) and showing a reduced number of processes (16 instead of 20) describing the practitioners’ actions. Moreover, these processes have been divided into three different phases (OW processing, materials making and product making). These updates were implemented following an analysis of the processes conducted in the previously conducted FLW case studies collection. Some processes were redundantly executed to create the same typology of materials: for example, to create compounds having OW fillers inside, the OW needs to be processed, ground, and then, to realize the final material, they must be mixed/compounded with a polymer or a binder. The organic fibres are usually scutched and spun to realize yarn out of OW fibres. On the other hand, the processes for obtaining products made from materials from OW vary from one product to another. Realizing a lamp, for example, can be done in a wide variety of ways. In the end, indicating such generic processes will facilitate the classification of a diverse array of case studies. This revised section aims to provide a straightforward, illustrative representation of the steps required to replicate the case study.

The proposed framework provides a starting point and analytical framework for collecting and analysing cases of upcycling organic waste that could inform further research and applications across sectors. Documenting diverse projects spanning waste sources, processes, materials, and products enables the identification of patterns, challenges, and scalability. This collection could benefit researchers working on sustainability issues such as the circular economy, waste valorization, materials engineering and industrial ecology. The framework could also provide practical knowledge for industrial stakeholders involved in waste generation, handling or valorization. Producers facing disposal costs could refer to analogous cases to assess the integration of new upcycling pathways. Waste processors and producers could use access to documented applications to assess market viability. Documentation of barriers, enablers and social impacts could provide a context for policymakers seeking to develop regulations and transition programmes. The framework could also mobilize the public and non-profit sectors to support community initiatives based on the links between upcycling, equity and economic resilience. Finally, the processes, materials, and products that are realized could inspire creative entrepreneurs, designers, and organizations to explore local waste valorization. By highlighting ongoing innovation, this framework aims to stimulate further bottom-up experimentation through replicable methodologies and the identification of under-explored spaces. The new framework is a ready-to-use framework for other practitioners who are willing to upcycle OW that does not just come from the FSC. It offers insights into the development of products from different OW and the processes involved in transforming waste into materials and products. Its novelty lies in its adaptability to different types of OW while collecting and classifying information to visually communicate potential applications. The framework provides an infrastructure for high-impact research on OW reuse. By building a comprehensive case-study collection using the framework, the authors will be able to obtain qualitative data on trends in successful material innovation across different waste sources and projects. Tracking scalability, localism and social impact can highlight the conditions needed to take waste-based solutions from concept to industry. Documenting sources and processes could enable the replication of successful practices for under-utilized OW. The framework is intended to help researchers identify high-potential waste applications and foster collaboration to promote circularity among waste producers.
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People and Community





Chapter 14

Upcycling Throw-Away People: Lessons from Upcycling Research

Joon Sang Baek and Kyungeun Sung

Introduction
When we discuss upcycling in an academic setting, by upcycling, we usually mean material processes that transform waste or used products, components and materials into a new product or material of a higher quality or value than the constituent elements, often in the context of the circular economy. As an alternative to traditional mass production and consumption based on virgin materials (within the current linear economy of take, make, use and dispose of), upcycling contributes to waste reduction, improved material/resource efficiency, reduced industrial energy consumption and therefore reduced carbon emissions, the creation of new job opportunities and people’s psychological/emotional wellbeing (Singh et al., 2019; Sung, 2017; Sung et al., 2019; 2021). Indeed, it is important to address our waste, resource, pollution and emissions issues in the present moment, as reflected in several UN Sustainable Development Goals (e.g., UN SDG 11, 12 and 13). Provided that we endeavour for upcycling, circular economy and sustainable development ultimately for people’s benefit, it would also be beneficial to consider how upcycling could be used to address other aspects of human life beyond the material production and consumption domains. Based on the concept of social upcycling (Wegener & Aakjær, 2016), we aim to continue a discussion on expanding the scope of objects of upcycling to immaterial wastes, especially underutilized human capabilities including knowledge, creativity, empathy, care, goodwill and a sense of community.

Social Upcycling
According to Wegener and Aakjær (2016) social upcycling is in line with the ongoing expansion of sustainability issues, including not only environmental but also social matters. This trend makes the term upcycling relevant when engaging with potentially marginalized communities, including prisoners, immigrants, refugees, the elderly and unemployed youth. These individuals are frequently defined by deficiency and the societal challenges they may present (ibid.). Defined as ‘the act of recognising and nurturing potential [human] value and insisting on dignity and creative expression as guidelines for human interaction’ (ibid., 3), it produces greater values out of the resources such as political recognition and support, voluntary labour and philanthropic commitment. The broad notion of sustainability inherent in social upcycling is related to ‘an increasing need to embrace the complexity and entangled socio-materiality of innovation’ (ibid., 13). The authors argue that to achieve a greater sustainability impact; there is a growing need to embrace the complexity of entangled social-ecological dimensions of innovation in design for sustainability, including upcycling design. This argument underpins our proposition that innovation through upcycling design needs to incorporate a new type of resource for innovation that grows most abundantly on the planet – social resource.

In this chapter, we raise the following question: What, if anything, can we learn from upcycling design knowledge to design for empowering undervalued human resources such as throw-away people? The context of the study is the ageing population in South Korea, one of the most rapidly ageing societies among G20 members and likely the most aged society among the advanced economies in 2050 (OECD, 2019). Using a case study, we question if the capabilities of an ageing population are undervalued resources that are subject to upcycling design and explore the possibility of learning from the established knowledge of upcycling design in developing a designerly approach to empowering elders.

Generation of Throw-Away People in Rapidly Ageing Society
With the rapid ageing of South Korea’s population, an increasing number of individuals are leaving the workforce or have stopped actively looking for work due to age-related factors, despite possessing both the willingness and necessary qualifications to contribute to the labour market. According to Cahn (2004), the author of No More Throw-Away People, they are ‘throw-away people’. As one of the most rapidly ageing societies among the Organisation for Economic Co-operation and Development (OECD) countries (OECD, 2016), South Korea is facing a surging senior population that is prone to poverty, social isolation, loneliness and depression (Yi & Hwang, 2015). This means a huge loss to both individuals and society due to the reduced tax revenue, increasing social welfare costs, wasted human resources, and other social opportunity costs of unemployment (Johansson & Kriström, 2022).

In societies with a high level of old-age income poverty, retired people are economically vulnerable and exposed to poverty and related social problems. According to an OECD report, South Korea’s elderly poverty rate is the highest among OECD members by a large margin. In terms of the old-age income poverty rate, which is measured by the percentage of people aged over 65 having income lower than 50 per cent of the median equivalized household disposable income, South Korea’s elderly poverty rate was 43.4 per cent, followed by Latvia (39%), Estonia (37.6%), and Mexico (26.6%) (OECD, 2021). Public efforts by the government to address poverty among seniors have not been effective (Lee, 2021). These problems can be mitigated by empowering seniors eager to re-engage socially and economically. Furthermore, uplifting undervalued seniors can yield numerous social, economic, and cultural advantages. These include fostering a sense of community and interconnectedness, enhancing the mental, emotional, and physical well-being of the elderly, facilitating cross-generational learning in workplaces, alleviating the strain on social services, preserving the wisdom and experience of older generations, promoting age diversity and inclusivity and presenting a positive view of ageing.

One example is Time Banking, a non-monetary market system that operates based on community self-help. Edgar Cahn started Time Banking in the 1980s with the aim of filling the gaps in public social services when the Reagan administration was pushing cuts to spending on social programmes. He believed that we are all assets and have something valuable to share with others. This belief became one of the core values of Time Banking, a global initiative of exchanging reciprocal service that uses time as currency and is active in 26 countries (Cahn, 2004). Another example is the Community Senior Club in South Korea, a civilian organization which aims to provide occupational training and creating job opportunities for people aged over 65. The increasing number of senior people in Korea are left alone because young people tend to move out of their parent’s house after they get married. Therefore, aged parents need to be more independent to make a living and maintain their quality of life. However, finding a job after retirement is not easy as they feel burdened by the workload and are not welcomed by employers (Kim et al., 2015). In this context, the Community Senior Club was established by the Korea Labour Force Development Institute for the Aged an affiliated institute of the Ministry of Health and Welfare in 2004. The subject of our case is a local branch of the club located in Ulsan, South Korea’s seventh-largest metropolitan city, where industrial complexes and large and small farms coexist.

Case Study: Ulsan Senior Club
Ulsan Senior Club supports the senior people in the region in participating in social activities by providing occupational training and creating job opportunities. There are two types of job programmes available for senior people in the club: social service and market-orientated service. In the former, senior citizens participate in social and public activities such as public facility management, traffic guidance in the child safety zone and caring for the elderly who live alone. They offer services that create societal values but not necessarily profits; in return, they are paid by the senior club. The salary is approximately $300 USD per month. Because the programme is run solely on the government budget, the number of available positions depends on the budget amount; this changes on a yearly basis and is also limited. The contract is renewed every nine months.

On the contrary, the market-orientated service programme, as the name implies, aims at offering marketable services by utilising the knowledge, skills, and competencies of elderly people. Under the programme, a dozen business models operate in the form of for-profit organisations. Elderly people operate them with support from the centre, and any profits are reinvested into the business. Compared to the social service programme, the market-orientated service programme is economically more sustainable because it creates more jobs, offers its workers more stable working conditions once the business is on track and enhances feelings of attachment and self-esteem. For the senior club, creating and supporting as many marketable business models as possible is the highest priority.

Supply/Value Chain Approach to Interventions for Scaling Up Upcycling
Upcycling design methods and processes depend on the context and object of design; as Wegener and Aakjær (2016) mentioned, there is no one-size-fits-all methodology. We chose the value-chain approach to upcycling design inspired by systems thinking because we found it appropriate to be applied to complex sociotechnical problems. This value-chain approach contributes to diagnosing the challenges of scaling up upcycling with a systemic perspective that expands the scope of diagnosis to the entire value chain. It views upcycling as a sociotechnical process that involves multiple stakeholders along the product lifespan. Hence, we applied the value-chain approach to implement and expand the services offered by the Senior Club.

The supply or value-chain ecosystem of upcycling businesses has varied stakeholders, including material suppliers, upcycling designers and makers, retailers, and consumers. These different stakeholders have distinctive challenges for scaling up upcycling. For example, according to a UK study focusing on the fashion and furniture sectors (Singh et al., 2019), challenges for material suppliers in sourcing materials include the lack of materials, complex legislation, lack of funding, and risks and financial implications. The challenges for upcycling designers and makers include a lack of affordable resources (space, time, equipment, skills and materials), extensive marketing of upcycled products, and a lack of materials with suitable quality and quantity. The challenges for retailers in selling upcycled products include a lack of resources for the suitable marketing of upcycled products, outreach of upcycled products, consumers’ negative perception of upcycled products and financial constraints. The challenges for consumers in buying upcycled products include the availability of good-quality products, affordable products and the accessibility of upcycled products. To address these challenges, a number of interventions (or success factors) were identified (see Table 14.1) (Singh et al., 2019).

Based on the case study, we identified the following challenges encountered by the senior club in implementing and expanding their programmes:




Table 14.1 Success factors for scaling up upcycling (Singh et al., 2019)


	Material supplier
	Designer/maker
	Retailer
	Consumer





	Raising awareness for material donation, provision of legislative and financial support
	Provision of critical resources (e.g. skilled staff) and financial support for skills development, work environment and marketing
	Effective marketing, positive consumer awareness, and improved quality of products
	Improved awareness of upcycled products, better purchasing experience (e.g. one-stop shop), and lower price of upcycled products






	More supply than demand: An increasing number of seniors are looking for jobs, but there are not as many opportunities available. Compared to previous generations, baby boomers tend to be more independent from their children both socially and economically. Thus, they have a greater need for financial independence.

	Limited budget: There are limited funds allocated to the social services programme which has limited social impact. The senior club pays the social service workers and the number of job openings depends on the budget allocated to the programme. To generate more jobs and a social impact, the club needs to expand and scale-up its market-orientated services.

	Developing viable market-orientated service models: These services create jobs for the elders and profits for the senior club. The organisation wants to create more job opportunities for seniors by creating new success cases and scaling up existing ones. However, the organization’s ability to develop and grow competitive service models is limited because its entire staff consists of social workers.

	Matching seniors’ capabilities and business opportunities: One of the more successful cases of the market-orientated service is the Spirit, which makes and delivers Korean traditional foods for ancestral ceremonies. It has successfully turned the elders’ life-long experience in performing ancestral rites in their families into a solid business model. It has been running for more than a decade and has positive customer responses in terms of the quality of the food and service (Kim et al., 2015). The club needs to develop more success stories by understanding seniors’ capabilities and market demands.

	Scaling up success cases: Scaling up an innovation requires a different set of knowledge and skills different from creating one: an understanding of supply and demand, drawing out and articulating the core of the innovation, and procuring the right skills and resources to execute a growth strategy (Gabriel, 2014), which the senior club or the seniors may not possess.



The challenges that the senior club encountered cannot be solved internally and require collaboration with external partners along the empowerment process (or value chain). In this regard, we found the value-chain approach useful for developing strategies to implement and expand the services offered by the senior club. Stakeholders involved (or need to be involved) in this process include the senior club, service designer/business consultant, service provider (seniors), and customers. We brainstormed interventions aimed at addressing the problems identified in the previous section (see Table 14.2).


Table 14.2 Success factors for facilitating the Senior Club’s services


	Senior club
	Designer/business consultant
	Service provider (seniors)
	Customer





	Collaboration opportunities with external partners in the areas of demand (e.g., new service development), raising awareness of the club activities in local communities
	Provision of opportunities to collaborate with the senior club, provision of knowledge, skills and financial incentives for new service/business model development
	Effective marketing, positive customer awareness, and improved quality of products/services
	Improved awareness of the services offered by seniors, a shift from competing on price to competing on quality and customer experience





The demand for the empowerment of underutilized or ‘throw-away’ people is growing in ageing societies (Dugarova, 2017). Thus, a systematic approach to empowering them and helping them transform into social constituents of greater value is needed. In this chapter, we argued that the upcycling concept can be extended to the realm of human resources and used to empower people who are no longer economically active despite their willingness and capabilities. Building on the concept of social upcycling, we explored the potential of applying upcycling design to the empowerment of seniors devalued in contemporary society. The case study suggests that upcycling design and empowerment design share several similarities and differences.

In terms of their goal, both approaches seek to add value, whether it is underused products or undervalued individuals. They rely on the creativity of designers in the transformation process. However, specific knowledge necessary for this value-adding process may differ depending on the context of design. For example, the methodologies of both approaches are adaptive, based on context and available resources. Upcycling design tends to be product centric, while empowerment design has a broader scope encompassing services, systems, strategies and governance. Therefore, typical design approaches to the former come from product and fashion designs and the latter from participatory, service, system and strategic designs. Upcycling Design and Empowerment Design, while both seeking to add value, primarily differ in their focus areas – environmental vs societal. The impact of each design approach caters to distinct areas of improvement (see Table 14.3).

This study was driven by the hypothesis that upcycling design knowledge can inform and benefit design for empowering undervalued human resources. It led us to the conclusion that this is true and so can vice versa. That is, the notion of upcycling human resources can expand the scope of upcycling design beyond the materiality of innovation and ecological sustainability. Sustainability issues we face are increasingly complex and require a holistic approach to addressing multi-faceted problems that are neither social, material, nor ecological, but all of them combined. Limitations in achieving sustainable development with insular solutions (e.g., products) mean the limited impact of upcycling design. On the other hand, human resources are abundant, and the problems and solutions generated by people are limitless. This suggests more opportunities for upcycling design.


Table 14.3 Comparison of upcycling design and empowerment design


	 
	Upcycling design
	Empowerment design





	Goal
	Adding quality or value to waste, used or underused products
	Developing the power of marginalised people



	Transformation
	Transforming the tangible and material qualities of something to assign it greater value using designers’ creativity
	Transforming people and/or their environment to empower them socially, politically or economically using designers’ creativity



	Design object
	Product, material, built environment, etc.
	Product, service, system, process, strategy, governance, etc.



	Related concept
	Circular economy, (environmental) sustainability
	Social innovation, (social) sustainability



	Design approach
	Product design, fashion design
	Participatory design, service design,



	Methodology
	It depends on the contextual needs, skills and resources; nature of design objects; no dedicated methodology
	It depends on the contextual needs, skills and resources; the design approach used; no dedicated methodology



	Motivation
	Out of need and for the environment
	Out of need and for society



	Impact
	Waste reduction, improved material/resource efficiency, reduced industrial energy consumption, reduced carbon emissions, the creation of new job opportunities and people’s psychological/emotional well-being (Singh et al., 2019; Sung, 2017; Sung et al., 2019; 2021)
	Improvement of life conditions, citizen engagement and democratic participation in political and social matters, social innovation and problem-solving, enhanced quality of life, and strengthening of the user’s position (Ertner et al., 2010)





Some critical academics, particularly those in the physical sciences and engineering, may argue that the definition of upcycling and what it encompasses is already too broad. The common criticism is that upcycling covers too many concepts and practices, such as innovative or advanced forms of repair, reuse, refurbishment, upgrading, redesign, remanufacturing, recycling, etc., as does another umbrella term, the circular economy. Therefore, this new perspective of including immaterial resources as objects of upcycling is subject to further criticism. However, new terms are constantly being coined and introduced; it is up to the users to decide how to use or not use the term (i.e., depending on the social practice of collective language use). Only time will tell if upcycling is a useful concept to describe our attempts to utilize immaterial waste for higher value(s) that contribute both to society and the economy. For now, we think, why not? We invite other academics to join the discussion.

Conclusion
This chapter explored the potential of applying upcycling design knowledge to empowering undervalued elders based on a case study. It remains to be explored what other knowledge than the value-chain approach can be relevant to the expanded concept of upcycling. Besides, the scope and scale of the case study are limited. Our hypothesis thus needs to be tested in a broader context. We acknowledge that the problematic situation framed in this study is not universal. In many countries with advanced social welfare systems, such as the UK, seniors typically do not need to nor do they want to work in the later part of their life. The scope of undervalued or throw-away people, however, varies in context and can be found anywhere: unemployed graduates, retired professionals, stay-at-home parents, people with disabilities, skilled immigrants, ex-convicts, and those whose skills are not fully utilized in their current jobs. The capabilities of this cohort are as abundant as their diversity and the impact of design will be limitless.
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Chapter 15

Exploring Successful Cases of Community Participation in Waste Management and Upcycling in Thailand

Montida Lertnimanoradee, Busayawan Lam and Eujin Pei

Introduction
The amount of solid waste generated in Thailand in 2022 was 25.7 million tonnes (70,411 tonnes) per day. This is considered a serious issue since the amount of municipal waste in Thailand was the second highest compared to those produced by other ASEAN (Association of Southeast Asian Nations) countries (Environment, 2017). The amount of solid waste has increased by 3% compared with that in 2020 (Pollution Control Department, Pollution Control, 2022). Several factors, such as the lack of cooperation in waste sorting before disposal and limited knowledge of solid waste management within households, caused the mishandling of solid waste at the community level (Maschamadol, 2018). Due to increasing waste problems, the Thai government has acknowledged the importance of this issue and set the solid waste solution as a national agenda (Buranasingh, 2017). Although Thailand has various laws and regulations in relation to the waste-management process, which describe specific duties and responsibilities of local government organizations in regard to the collection, storing and transportation of waste (including exploitation of waste, such as electric power business and investment promotion), the lack of integration and participation of various sectors, especially at the earlier stages of the process (e.g., waste sorting), makes them less effective. Other strategies (e.g., encouraging people to reduce the amount of waste from their consumption and promoting environmentally-friendly packaging) have not been officially established – these include providing clearer knowledge on waste management to the general public (Mokhsart, 2022). At present, the 3Rs principle (Reduce, Reuse, Recycle) has been used as an operating framework for waste management, which can be divided into three phases: upstream (reduce), midstream (reuse), and destination (recycle). The aim is to reduce the amount of waste, promote waste segregation at source, create an efficient waste collection system, and properly dispose (Ministry of Interior, 2022).

The People’s Constitution of 1997 stated in section 76 that: ‘The state must encourage and support the participation of people in policy and political decision making, planning for economic, social and political development, including monitoring the use of state power at all levels.’ The constitution emphasized the importance of citizen participation, especially in the decentralization of power from the central state to local organizations elected by the people, including local communities. People in the community can participate in projects to solve their community problems and act in the majority of their daily lives economically, socially and culturally, which allows them to think about and make decisions regarding these issues. It is crucial that local people create a database of community information and analyse community needs to evaluate the value within the community context by themselves. Therefore, the self-reliant community plan preparation process was offered to community members, which aims to enable people in a community to have a chance to meet, talk, express their opinions and brainstorm ideas regarding problems and challenges facing their communities (Na Pomphet, 2007).

The idea of getting citizens involved in the problem-solving process is not new to Thailand. People in small communities have already been given the opportunity to participate in the consultation process on how to deal with serious matters, such as those related to drugs, economics, environment and infrastructure, welfare and social issues. In 2004, the Handbook of Community Based Solid Waste Management (CBM) was used to get people involved in the waste-management process at community level. This includes (i) recognizing waste problems in their areas; (ii) finding solutions; and (iii) deciding on waste-management methods that are suitable for their community. In this way, people can take action according to an agreed plan created by them. Waste management projects are still carried out at community level, such as waste banks, waste markets, waste donations, and composting from organic waste projects. (Pollution Control Department, Community Based Solid Waste Management, 2019).

This chapter aims to discuss the challenges and issues related to MSW (Municipal Solid Waste) management in Thailand, highlight the potential of upcycling as a solution, emphasize the importance of citizen participation in waste management, propose ways to improve waste-management practices at community level and emphasize the need for more effective and sustainable waste-management strategies. By incorporating upcycling and encouraging citizen involvement, the chapter seeks to promote a more holistic approach to waste management that empowers local communities and fosters responsible waste-handling practices.

Methods
This chapter presents a preliminary research study conducted as part of a doctoral research project, focusing on community participation, participatory design, and upcycling practices in waste management. The study followed a systematic approach, beginning with an extensive literature review to explore existing knowledge on these topics within Thai small communities.

The literature review involved analysing scholarly articles, government reports, municipal reports and subdistrict official websites, primarily sourced from Thai Journals Online (ThaiJO) and official community-based resources. Key search terms included ‘Community participation in waste management’, ‘Community-driven upcycling in Thailand’, and ‘Challenges and opportunities in upcycling in Thai communities’. The literature review aimed to identify effective participatory strategies, community engagement models, and upcycling practices relevant to small Thai communities. The key findings highlighted existing strategies and best practices that Thai communities implement in waste management and upcycling, providing a foundation for further investigation.

To complement the literature review, the research incorporated exploratory case studies, utilizing secondary data from online sources, including municipal reports, government databases and community-driven initiatives. The case-study approach followed Yin’s (2017) framework for case-study research, allowing for an in-depth examination of how participatory design and upcycling are applied in different community settings. Table 15.1 summarizes the three key research areas derived from the literature review, aligning with the case study findings. This categorization was developed based on existing frameworks in participatory design, waste management and community-based upcycling, ensuring a systematic approach to data analysis.


Table 15.1 Summary of key research areas and supporting literature


	Research Area
	Key Findings
	Key References





	Community participation in waste management
	Community-led waste management varies based on governance structures and available resources.
Effective models integrate education, incentives, and local policies.
Leadership engagement is crucial for long-term sustainability.
Participation frameworks include structured models (decision-making, operations, evaluation and benefit-sharing).
	Chainam & Bouphan (2022), Pollution Control Department (2019, 2022), Ministry of Interior (2022), DEQP (2023), Maschamadol (2018), Atthaporn et al. (2024)



	Community-driven upcycling in Thailand
	Co-design and participatory workshops are essential in community-led upcycling.
Traditional handcrafting and cultural preservation play a major role in upcycling acceptance.
Knowledge-sharing initiatives enhance upcycling adoption and local innovation.
Economic incentives support the sustainability of upcycling projects.
	Chiangka (2018), Nimthong et al. (2024), Yin (2017), Warin Chamrab Municipality (2018), Maschamadol (2018), Thanangngam Subdistrict Administration (2024), Phetthirasawat (2023)



	Challenges and opportunities in upcycling in Thai communities
	Lack of funding and limited training restrict upcycling scalability.
Cultural heritage and locally sourced materials present untapped opportunities.
Motivation and tangible benefits (economic and environmental) drive participation.
Market demand and policy support influence long-term sustainability.
	Limsomboon et al. (2024), DEQP (2023), UN Environment Programme (2017), Phetthirasawat (2023), Thungluknok Subdistrict Administration (2024)





Results
The following sub-sections describe four case studies. Each case study begins with a summary of the key activities followed by key lessons learned. While three case studies involve direct upcycling practices, the second case study (Yommarat Village) is included to provide insights into community participation models, waste-separation strategies and behavioural engagement – critical foundations for successful upcycling initiatives. By understanding the challenges in fostering participation, particularly in the absence of upcycling, this case study highlights barriers that need to be addressed to implement community-driven circular economy models effectively.

Case Study 1: Tunglooknuk Sub District, Nakhon Pathom Province

In the Tunglooknuk sub-district, the 3Rs principle has been effectively implemented for waste management. Firstly, the community successfully raised awareness about waste reduction. Secondly, they improved recycling practices by increasing the number of bins and promoting waste sorting campaigns. This addressed improper waste disposal which is a significant contributor to household waste issues. Lastly, the community embraced upcycling design, creating valuable products from scrap materials, leading to additional income sources and job opportunities for residents. The combined efforts to reduce, reuse and recycle waste have made the waste-management approach in this community both sustainable and economically beneficial. Upcycling practices also support recycling activities as they encourage all waste to be sorted properly (Chiangka, 2018). The community participation activities of the Tunglooknuk sub-district can be grouped into four steps: (i) participation in decision-making, (ii) participation in operation, (iii) participation in receiving benefits, and (iv) participation in evaluation (Parepuno, 2018).

The first key lesson (Lesson 1) learned was clear communication regarding the roles and responsibilities of people in the community in each step of participation. The Thungluknok sub-district administrative organization divided community participation activities into four steps to make them easier for people to participate in and provided clear guidelines for each step. The organization invited members of the community to analyse, search and define problems on waste issues themselves. After that, related agencies (both in the public and private sectors) provided further information to help people make decisions, which led to the selection of suitable activities and the elimination of inappropriate ones. Community members were encouraged to share knowledge regarding waste management. In this way, they would be able to comment on waste-management targets/objectives and provide recommendations for appropriate operations. The advantages of participatory activities were clearly communicated to community members (Limsomboon, Likitpanyarat, & Srisawang, 2024). For example, carrying out activities together gave people a chance to get to know each other and learn how to work collaboratively. These participatory activities enabled people to take positive action to address the root cause of the problems (improper disposal of household waste) and improve their quality of life. Other members of the community also acknowledged their contributions. Furthermore, these participatory activities encouraged community members to express their opinions and give suggestions on how to improve the operations regarding waste management in the government sector (Figure 15.1). The methods of encouraging people in the community to participate included organizing training/seminars and enabling community leaders to take charge of solid waste-management activities. By participating in decision-making, operation and evaluation, all members received benefits from these positive actions together (Thungluknok Subdistrict Administration, 2024).

The second key lesson (Lesson 2) was that the activities aimed at creating upcycled products should align with the cultural and lifestyle aspects of individuals to effectively motivate their participation in waste management. Recognizing the significance of community members’ culture, lifestyle, values, local customs, and attitudes is crucial when designing activities that cater to their needs and preferences. The small rural community has a strong familiarity with traditional handcrafting techniques, which they utilize to create various everyday items such as Thai bath towels, clothing, and home decor (Phetthirasawat, 2023). These handcrafted products hold significant cultural and practical value for the community, representing a tangible connection to their heritage and way of life. The transmission of handcraft techniques across generations has played a significant role in preserving cultural roots within each locality, encompassing narratives, processes, patterns, and heritage techniques. This approach acknowledges the significance of considering the socio-cultural context in which individuals operate. By incorporating elements that reflect their values, aesthetics, and preferences, they create a sense of familiarity and relevance. The Thungluknok community, for example, initiated an upcycling activity involving the manual weaving of UHT beverage boxes into baskets, which served as functional containers for individuals to carry items when visiting temples or markets. In order to foster engagement and active involvement in waste-management practices, it is crucial to ensure that the activities related to the creation of upcycled products resonate with the cultural values and lifestyle choices of the target audience. By tailoring these activities to align with people’s cultural backgrounds, traditions and daily routines, we can enhance their motivation to participate in waste-management initiatives.
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Figure 15.1 The community agencies consistently organize educational activities to promote household waste separation within the community (Tunglooknuk, 2016).

Case study 2: Yommarat Village, Tha Nang Ngam Subdistrict, Phitsanulok Province

The 3R principle guided the waste-management activities implemented in the Yommarat village. The primary objective of these activities was to address the specific waste-related concerns and requirements of the local population. The key issue identified within the community was the inadequate disposal of waste, characterized by practices such as waste burning and improper disposal of garbage outside designated areas, leading to detrimental environmental pollution. The study focused on helping people in the community understand the guidelines so that they could dispose of household waste more efficiently. The local organization started by providing basic knowledge about waste sorting to encourage people to separate waste and manage each type of waste properly. In addition, the local organization followed the community participatory model proposed by the workshop to solve community problems by listening to people’s opinions and suggestions regarding waste management (Figure 15.2). The community participatory model on waste management at Ban Yommarat can be grouped into three steps: (i) participation in the planning process, (ii) participation in the operations of waste-management activities, and (iii) participation in the evaluation process. According to the evaluation of the planning process, six key considerations were identified, namely: budget saving, ease of implementation, availability of materials in the community, possibility, participation of people in the community, and benefits for residents (Thanangngam Subdistrict Administration Organization, 2024).

The third key lesson (Lesson 3) was from the local organization focused on the promotion of waste-separation practices by providing explicit guidelines for each specific type of waste management. The sorting of waste serves as the initial and crucial step in community-led waste-management initiatives. Differentiating waste types is facilitated by the implementation of a four-colour system: green bins for compostable waste, yellow bins for recyclable waste, blue bins for general municipal waste, and red bins for hazardous waste (DEQP, 2023). To assist community members in comprehending the various waste categories, the local organization in Yommarat Village facilitated a range of activities. For instance, they conducted workshops on transforming compostable waste into fertilizers and biofertilizers, which not only helped villagers reduce the expense of purchasing compost but also contributed to the generation of income for families by encouraging the separation and sale of recyclable waste to recycling centres (Figure 15.3) (Nimthong, Sinchao, Patthamasonti, Sirinakhon, & Faiyue, 2024).


[image: ]
Figure 15.2 Tha Nang Ngam Subdistrict Administrative Organization’s meeting to address waste management, seeking participation from the local community (Tha Nang Ngam, 2023).

The fourth lesson (Lesson 4) was that the presentation of the benefits arising from community activities in waste management is imperative to foster active participation and engagement among individuals. Although six key considerations were identified at the planning stage, the local organization did not integrate them into waste-management activities. They struggled to involve people in participatory activities, particularly regarding benefits for local residents. While Yommarat Village did not incorporate upcycling, its community engagement strategies and waste-separation efforts are valuable for understanding the broader context of participatory waste management. The challenges in participation observed here, particularly the lack of perceived benefits, highlight a key issue that can also hinder upcycling adoption in similar communities. Addressing these barriers through clear communication, incentives and structured participation models could improve future upcycling initiatives by ensuring communities are aware of the direct benefits. This case study provides a critical contrast to the more successful upcycling-driven participation seen in other cases, reinforcing the importance of engagement at all stages of sustainable waste-management projects. Since the ‘participation in receiving benefits’ was not clearly communicated, this case ultimately demonstrated only three stages of community participation. Motivation plays a pivotal role in influencing individuals to take action, and external motivation is closely tied to the anticipation of rewards and reciprocal benefits (Assegaff, Kurniabudi, & Fernando, 2016). Therefore, greater emphasis on the ‘participation in receiving benefits’ could have enhanced awareness of the advantages of community-led waste management. In this case, benefits could have included reducing household costs by producing compost, generating income through the sale of recyclable waste and improving quality of life by reducing local pollution and waste accumulation.
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Figure 15.3 Tha Nang Ngam Subdistrict Administrative Organization, in collaboration with the Children’s Centre, organized an activity to make fertilizer from wet waste (Tha Nang Ngam, 2023).

Case Study 3: Waeng Yai Sub District, Khon Kaen Province

The local organization in the Waeng Yai sub-district adopted the 3Rs as the guiding principle for waste management, aligning with the community participation guidelines provided by the Thai government (Atthaporn, Kittikronwaranon, Tarasi, & Yolai, 2024). Central to their approach was the cultivation of a sense of community belonging and active engagement in operational responsibilities throughout the waste-management process, encompassing six stages: (i) participation in defining the problem, (ii) planning and decision-making, (iii) operation; (iv) receiving benefits; (v) evaluation; and (vi) responsibility. Since the local organization concentrated on managing and reducing waste, five additional key areas were set as main targets: (i) reducing the amount of solid waste generation; (ii) solid waste sorting; (iii) solid waste collection; (iv) solid waste collection and transportation; and (v) solid waste disposal (Chainam & Bouphan, 2022).

The fifth lesson learned (Lesson 5) is the importance of utilizing design knowledge within waste-management workshops to develop a diverse range of innovative waste-management approaches. Despite the clear definition of the five targets, the specific plans pertaining to the application of the

3Rs remain unclear. However, it was observed that the integration of design knowledge and skills could significantly enhance waste-management practices, particularly in the context of reuse. This involves the transformation of discarded materials into valuable products, which presents opportunities for community members to participate and receive associated benefits actively. At the Waeng Yai sub-district, creative approaches to waste management were employed, such as the hand weaving of bags and hats using coffee packaging by an elder group, the utilization of vinyl banners to create aprons, the repurposing of refill bags from detergent and fabric softeners into bags, and the conversion of discarded rice cookers into biomass stoves (Figure 15.4) (Warin Chamrab, 2018).


[image: ]
Figure 15.4 Waengyai villagers participate in training on waste processing design and knowledge exchange with the Warin Chamrab Group (Warin Chamrab, 2018).

Case Study 4: Wiang Phrao Sub District, Chiang Mai Province

Chiang Mai province followed the National Master Plan regarding waste management by applying the 3Rs principle and the Community Solid Waste-Management Action Plan. Both plans required cooperation from communities and local governments to move towards a zero-waste community. In line with these plans, the local organization incorporated research findings from academic and researcher-led studies on community participation in waste management. By leveraging these insights, they adapted their waste-management processes and developed activities tailored to suit the specific needs and characteristics of their local communities. The solid waste-management process, guided by community participation, encompasses seven strategies aimed at encouraging active engagement within the activities. These strategies include:


	(a) raising awareness among community members to foster their participation in waste-management efforts;

	(b) developing and enhancing the capacity of community leaders to effectively address solid waste challenges;

	(c) addressing waste issues by categorizing specific target groups within the community;

	(d) community participation process involving community members and local agencies in the area;

	(e) implementing a system for monitoring, corrective measures, and inspections;

	(f) promoting the roles and responsibilities of local agencies in waste management; and

	(g) creating incentives and inspiration to stimulate behavioural changes among community members.



These activities are connected to the process of community participation, which can be divided into four steps: (i) the planning and decision-making stage, (ii) operational activities, (iii) receiving the benefits, and (iv) the evaluation process (Wiang Phrao Municipality, 2023).

The sixth lesson (Lesson 6) was that preparing and enhancing the capacity of design skills is an integral part of the activities related to participation in the operational aspects of waste management. The local organization implemented activities aimed at developing and enhancing the capacity of community leaders, including village headmen, headman’s assistants, municipal council members, village committees, volunteers, health volunteers, the heads of the elderly and housewives. The activities involved conducting training workshops to address solid waste problems. The workshops focused on educating participants about upcycling and adding value to products through the cultivation of creative-thinking skills. Interested individuals and organizations were invited to participate in these workshops, which aimed to promote waste transformation. The creative activities specifically targeted the participation of community leaders, members, and local agencies within the area. This led to the establishment of a sub-district action group responsible for organizing various projects and activities in the community. These initiatives facilitated the implementation of waste-management practices, such as the conversion of organic waste into fertilizer or bio-fertilizer, the repurposing of scrap materials from packaging into home-decor items, and the processing of agricultural waste into rice straw papers.

The seventh lesson (Lesson 7) was that the presentation of the benefits derived from participating in waste-management activities assumes a significant role in motivating individuals engaged in activities. The local organization in Wiang Phrao incentivizes good behaviour in waste sorting and acknowledges outstanding waste-management practices at the sub-district level through the provision of awards. This initiative is aimed at motivating individuals to enhance their awareness of waste-sorting practices. Additionally, by highlighting the benefits of effective waste management and showcasing innovative approaches to waste reduction, inspiration is generated among individuals to adopt creative waste management strategies. There is a strong emphasis on presenting the benefits resulting from participation in waste-management activities, as this serves as a crucial motivator for individuals involved in these activities. By highlighting the positive outcomes, individuals are more motivated and actively participate in waste-management efforts. These benefits encompass various aspects, including environmental improvements, pollution reduction, enhanced public health, economic opportunities through waste recycling and upcycling, as well as an overall enhancement in the quality of life for community members.

Discussion and Conclusion
These four case studies demonstrate how community participation models and the 3Rs principle (Reduce, Reuse, Recycle) were adapted to the distinct contexts of small communities in Thailand. Each case study highlights tailored waste-management practices accompanied by community participation frameworks aimed at fostering collaboration between individuals and local organizations to promote sustainable waste management. Across the case studies, community participation was found to follow three to six sequential stages depending on the local context, including: (i) problem identification and planning, (ii) operational activities, (iii) evaluation, and (iv) participation in receiving benefits. These participation models provided valuable insights into how community members were engaged in different stages of waste-management initiatives.

Notably, while three case studies incorporated direct upcycling activities, the second case study (Yommarat Village) contributed alternative insights into the challenges of community engagement in waste-separation practices. This case also underscored the critical importance of clearly communicating the benefits of participation, a factor that significantly influenced motivation and engagement levels.

During the planning phase, several strategies were identified. Lesson 1 highlights the importance of clear communication of roles and responsibilities in participatory processes, echoing recommendations by DEQP (2023), which stress that transparent communication fosters trust and long-term commitment to community waste-management projects. Lesson 3 similarly aligns with Warin Chamrab Municipality (2018), which advocates for easy-to-follow guidelines in waste sorting and recycling as key factors in promoting participation. Lessons 4 and 7 both demonstrate that highlighting the tangible benefits of participation such as cost savings, income generation from recyclable sales, or environmental improvements, is key to motivating individuals. In addition, Lesson 8 (from the overall analysis) emphasizes the value of segmenting community members based on their roles to foster better collaboration and ownership of activities.

In the operational phase, the literature underscores the value of linking waste-management activities to local cultural practices. Lesson 2 demonstrates that aligning upcycling activities with community lifestyle and traditions increases participation, which is consistent with Phetthirasawat (2023) who discusses how traditional craftsmanship can be leveraged to strengthen community ownership in upcycling initiatives. Upcycling workshops were identified as a critical mechanism for enhancing community engagement and promoting creative reuse (Nimthong, Sinchao, Patthamasonti, Sirinakhon, & Faiyue, 2024). Lesson 5 points to the value of integrating design knowledge into waste-management workshops to spark creativity and expand reuse opportunities. Similarly, Lesson 6 underscores that building local capacity in design skills is essential to sustaining long-term community engagement in upcycling and waste reduction.

This chapter has identified both exemplary waste-management practices and areas for improvement across the case studies. A recurring theme is the need to more clearly integrate the ‘participation in receiving benefits’ step within community participation models, as observed in Yommarat Village and other settings where engagement was weaker. This reinforces Maschamadol’s (2018) argument that perceived benefits are a key driver of community involvement in public initiatives (Maschamadol, 2018).

Finally, this research suggests that future studies should further investigate motivational factors that drive community participation in creative waste-management practices, such as upcycling. Understanding the interplay between cultural context, economic incentives, and community leadership could contribute to the development of more effective participatory models for small communities. Doing so would advance sustainable waste-management practices, both within Thailand and potentially in other similar socio-cultural contexts.

While this study provides insights into participatory waste management and upcycling in small Thai communities, several limitations must be acknowledged. First, the research is based on four case studies, which, while varied, may not fully represent the diversity of rural communities across Thailand or other ASEAN countries. Second, one case study (Yommarat Village) lacked upcycling activities, limiting the study’s direct exploration of participatory upcycling in that specific context. Additionally, some findings were derived from secondary data sources, which may limit the depth of contextual understanding.

Future research should focus on applying these findings in a broader range of communities, including urban or peri-urban settings, to test the adaptability of the participation models identified. In particular, further investigation into motivational factors such as incentives, cultural drivers and perceived benefits, could help refine strategies to enhance participation in community-led upcycling projects. Developing a comprehensive participatory design framework tailored for rural upcycling initiatives would also provide practical value for policymakers and local organizations aiming to improve sustainable waste management outcomes.


Table 15.2 Summary of key lessons from the four case studies


	No.
	Case Study
	Location
	Lesson





	1
	Case Study 1
	Tunglooknuk Sub District, Nakhon Pathom Province
	Lesson 1: Clear communication of roles and responsibilities within the participation process.
Lesson 2: Aligning upcycling and waste-management activities with community culture and lifestyle to enhance participation.



	2
	Case Study 2
	Yommarat Village, Tha Nang Ngam Subdistrict, Phitsanulok Province
	Lesson 3: Providing explicit waste-separation guidelines to encourage initial participation in waste management.
Lesson 4: Communicating tangible benefits of participation to foster motivation and engagement.



	3
	Case Study 3
	Waeng Yai Sub District, Khon Kaen Province
	Lesson 5: Integrating design knowledge into workshops to enhance creative reuse and innovation.



	4
	Case Study 4
	Wiang Phrao Sub District, Chiang Mai Province
	Lesson 6: Capacity-building through training workshops focused on creative thinking and upcycling.
Lesson 7: Using external incentives and recognition (e.g., awards) to stimulate and sustain community participation.
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Chapter 16

Sucata Quântica: Local Reuse Actions in São Paulo, Brazil

Hamilton Ortiz

Introduction
In Latin America, there are few countries with robust industrial production (e.g., Brazil and México) despite the dominance of large agriculture, livestock and raw materials production. Latin America also suffers from a lack of efficient transportation, which implies that the destination of waste is not optimized. Goods are imported ready for use; a few years later, they are landfilled or, in the best case scenario, recycled. An alternative way to address the waste management challenges is by upcycling materials and objects in manufacturing cycles. The aim of this chapter is not to study large-scale initiatives or industries but to introduce one good small-scale case study (or best practice) in São Paulo, Brazil, to inspire and inform other upcycling practitioners (or other relevant stakeholders) to strengthen the local capacity to design a new wave of manufacturers who fully understand the risks and potentials of each material. The best practice is from Sucata Quântica – the author’s initiative (or workspace) to reuse objects and materials, which nowadays acts as an educational, eco-design, and eco-fabrication movement. Sucata Quântica is a driving force behind many upcycling interventions in São Paulo and is continuously working to set up and integrate pilot reuse facilities. The evolution of the workspace between 2018 and 2023, as well as the 18 in-person workshops, provide important insights into, among other things, the motivations, enabling conditions and characteristics of the population. Based on the insights, the author suggests ways to scale up the concept of upcycling for a variety of materials, with a focus on electronic equipment.

Sucata Quântica
The main motivation for the author to start Sucata Quântica was the shocking amount of discarded materials and objects on the streets, sidewalks and dumpsters of São Paulo, Brazil, in contrast to other countries such as Colombia. Initiatives such as Unilabor in Brazil, the Reserve des Arts in France, or reuse centres such as CCRX in Chicago served as a reference and inspiration for the author. The assembly of a workspace to develop the practice of eco-design and eco-manufacturing was based on the premise of taking advantage of the recovered materials and producing the infrastructure of the workspace itself. Workbenches, shelves, boxes, lighting, sockets, and hydraulic installation of the workspace were built in large part with the reused materials. Since 2018, five different spaces have been used for Sucata Quântica: four in downtown São Paulo and one in the Ipiranga neighbourhood, initially with very limited space, but growing all the time. The last and current location is a 350m2 mezzanine in a building that used to be a shoe factory (Scatamacchia), which had been unoccupied and neglected for over 10 years. The workshop underwent a retrofit to accommodate the new workshop and plumbing, electricity, gates, and other basic necessities were installed. The whole process used waste materials that were independently collected, classified and self-managed. Currently, the space has facilities for metalwork, carpentry, sewing, electrical and electronics, serigraphy (screen printing), 3D printing and painting. It also maintains a permanent stock of materials and tools. Based on personal experience, the author recommends that public reuse policies should take advantage of vacant properties in the city.

Between 2018 and 2023, Sucata Quântica organized a series of hands-on upcycling workshops (n=18). During the workshops, practical interventions of creative reuse were used to teach emancipatory practices such as basic electronics to build circuits, sewing, serigraphy, sculpture, and carpentry with hand tools, amongst others (Figure 16.1). The workshops were conducted in both the private (e.g., community centres) and public spheres (e.g., parks), with all kinds of audiences in terms of age (from 10 to 70 years old), gender, nationality and social conditions. The workshops were always collaborative and popular education activities in which participants contributed with their educational backgrounds and experiences. Each workshop was designed with a specific objective in terms of materiality, techniques and target audience. The most common workshop was the reuse of electro-electronic equipment (EEE) for building lamps (Figure 16.2). In this case, participants learned the basics of electronics for lighting and in a three-hour workshop, were taught to build a lamp. The workshop integrated practices such as bricolage, tinkering and basic technical skills that everyone can easily learn. Most of the workshops focused on the integration of concepts of EEE repair, mechanics, lighting and sound equipment with energy and resource efficiency in mind, the use of simple, popular infrastructure to address a complex problem, and the full integration of upcycling with societal needs and urgencies, such as efficient lighting equipment, efficient ventilation equipment, infrastructure for urban farming, household recycling systems, among others.

The usual lamp-building workshop process started with selecting the base materials for the luminaire, followed by cleaning the parts. The process also involved selecting and fixing hardware and materials for the electrical circuit, assembling and testing the electrical circuit, assembling all the parts together, and testing and final finishing. Other workshops included textile upcycling for crafting tote bags (or eco bags), building microcity models from scrap materials, and others (Table 16.1). From the workshops, it was evident that most of the participants were women and children. The proposed prototypes could all be built by every participant regardless of their age, gender, educational background, etc. We also witnessed the participation of some children with certain psychological conditions (e.g., autism) who also managed to follow the instructions and successfully upcycled waste materials into a functional lamp and other items. Two basic circuits have proved effective for the workshops so far: one for a direct bi-voltage connection, a switch and an LED bulb, and the other with a DC source adapter, switch and LED modules/strips.


[image: ]
Figure 16.1 Wood/carpentry upcycling workshop participants and their outcomes.

Based on the experience of establishing and maintaining Sucata Quântica for the last six years, including the organization of the 18 upcycling workshops and some courses, the author recommends the following paths to action for the future development of reuse centres (Table 16.2).
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Figure 16.2 Welding in Sucata Quântica (top left); lamps produced from the workshop (top right and bottom left); and a workshop participant with the lamp (bottom right).


Table 16.1 Upcycling workshops organized by Sucata Quântica


	Location
	Object
	Dates
	Participants
	Number of participants





	Sesc (Commercial Social Service) – Itaquera
	Construction of light fixtures
	2018, 2019
	General public
	15 people per session



	Sesc – Guarulhos
	Construction of eco bags and folders
	2019 (2 sessions)
	General public
	15 people per session



	Sesc – Guarulhos
	Scrap Microcities
	2019 (2 sessions)
	Children
	30 people in total



	Occupation Ouvidor 63
	Construction of light fixtures
	2019, 2022
	General public
	14 people



	São Remo – Community space
	Construction of light fixtures
	2022
	General public
	16 people



	Jardim Monte Kemel – Communitary space
	Construction of light fixtures
	2022
	General public
	18 people



	Arts Square – Municipal Theatre
	Teatralhas Quânticas
	2023 (4 sessions)
	General public
	20 people per session, a total of 80 people



	Sesc – Guarulhos
	Construction of light fixtures: Ovnis
	2023 (4 sessions)
	General public
	45 people per session, a total of 180 people








Table 16.2 Recommendations for future reuse centres


	Category
	Recommendations (paths to action)





	Websites with data repositories
	Online databases of reuse and upcycling initiatives
Online databases of tutorials and workshops
Short videos addressed to local authorities and key players
Online database of resources for children’s engagement
Design handbook for upcycling centres
Toolkits for the detailed design of reuse modules



	Detailed design of facilities
	Certification frameworks for health and safety (H&S) assurance
Product storytelling guide
Toolkit of object-oriented strategies in the design process



	Detailed design of products
	Tutorials and detailed documentation of product collections in Open-source Licensing
Public policy design of massive deployment of reuse centres



	Content development to engage donors and partners
	Experience-based research for adaptation of reuse modules
Business models for cooperatives





Conclusion
Sucata Quântica, the local reuse centre, and the work of upcycling workshops developed by the author as design interventions were introduced to demonstrate the feasibility of sustainable local reuse centres and actions for the long term. We witnessed that upcycling workshops are powerful ways to scale up practices within the general public, even those with limited access to technology and higher needs for basic resources. All the workshops showed an emotional impact of the finished pieces and the process of making them. From the participants’ testimonies, it was clear that upcycling is not commonly practised in everyday life and that when it becomes a real experience, it encourages changes in consumption patterns and behaviours. There were also notable cases of positive impact within commonly excluded social groups, such as the elderly, children with mental health problems (mainly autism) and the unemployed. There is great potential to develop new production processes related to products and material handling. Further work is needed to improve the scalability of the processes introduced here. This work needs to be a transdisciplinary effort with a focus on skills.
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Chapter 17

Community Empowerment Through Upcycling Pre-Consumer Waste Material

Walter Chipambwa, Edlight Mutungwe and Chipo Chuma

Introduction
The apparel manufacturing sector is well known for contributing to the negative impact it has on our environment. Due to the worrisome levels of greenhouse gases (GHG) in the atmosphere, the quick depletion of natural resources like water and petroleum and the rising levels of industrial effluents, every production activity, particularly in the textile sector, must be scrutinized for its sustainability (Textile Magazine, 2020). In the European Union (EU), the textile industry alone generates around 16 million tonnes of textile waste annually (European Commission, 2017) much of which ends up in landfill or is incinerated. Accounting for the textile waste generated has also become a huge problem as supply chains have become more complex (Govindan & Hasanagic, 2018). The growth of fast fashion over the past 20 years has resulted in an excess of cheaply constructed clothing, leading to greater rates of clothing waste (McNeill & Moore, 2015; Choi et al., 2014). The textile industry has implemented several strategies to combat the issue and lessen its impact on the environment. Textile recycling, which involves both the reuse and replication of fibres from textile waste is one of these approaches and, more recently, the upcycling of textiles has been promoted as a sustainable strategy to combat this waste. Back in the fifteenth to eighteenth century, regardless of the source of their clothing, upcycling was a must as people hired seamstresses or designers to make clothes for them irrespective of their social class (Traynor, 2023). The rich would buy expensive gowns which they would repurpose as they did not throw away good camel hair and expensive laces used on their outfits. Block (2022) reveals that upcycling among the wealthy was common during the 1800s, for example the bridal gown of Alexandra, the Princess of Wales was transformed by her designer into an evening dress shortly after her marriage to Edward VII in March 1863. These high-quality gowns took a lot of time to construct, so users would upcycle or repurpose them for a specific function. The concept of upcycling was also popularized during the 1930s and 1940s, a time when families had very limited financial means and material resources due to the Second World War (Textile Magazine, 2020). The period witnessed a trend where people would recover pieces of fabric or cloth from used or unwanted clothes and remake them into something useful. With the advent of fashion shows and famous people sporting clothing made from recycled material, the use of upcycled fabrics truly took off in the 1960s (Sharma, 2019). Sung (2015) defined upcycling as an activity of creating newness or better quality from used or wasted materials while adding value. Wilson (2016) also defined upcycling as a practice of refashioning something useless into something useful without wasting any of the raw materials and without the input of non-renewable resources. In other words, upcycling is the creative technique of turning trash into an innovative piece of furniture, apparel and other products/objects. In recent years, it has grown in popularity among environmentally conscious designers and creatives. The fact that it gives worn-out garments a feeling of worth is one of the key factors contributing to its popularity. It means that consumers prefer new garments made from these fabrics rather than throwing away their old ones. Due to the high cost of new products, upcycling is a better option for those living in rural parts of developing nations to get access to items like clothing as they can use waste materials to come up with creative products.

The fundamental distinction between upcycling and recycling is that, in recycling, the material is broken down and transformed into new material, whereas in upcycling, the material is kept in its original form and used for a new purpose (Wilson, 2016). With regards to energy usage, recycling uses more energy than upcycling, as energy is usually used to disassemble the material. Fewer resources are required in the production of products when products/items are reused (eg, using virgin materials). Since materials are recycled or reutilized rather than being thrown away, less energy is spent throughout the design process. When designers reuse components from previously abandoned garments or objects, the original goods are more likely to be used to their full potential (Niinimäki, 2017). The benefits of upcycling are that it reduces the need to produce more raw materials used in manufacturing, reduces air and water pollution and the amount of greenhouse gas emissions (Satam, 2021; Caldera et al., 2022). Through creative design, upcycling can also give unique designs that can become part of trendy collections that show a high level of creativity and exclusivity in design. Upcycling benefits communities, the planet, and the users as it generates income for people while saving the planet and giving the customers a unique feel through self-expression.

Jacometti (2019) opines that the current linear model in the fashion industry does not support sustainable development goals, thus calling for a shift towards embracing the circular economy (CE). Todeschini et al. (2017) state that upcycling and recycling are important facets of the implementation of CE in the fashion industry. Recycling and reusing the fabric instead of throwing it away is what the CE in the fashion business entails. The take-make-waste approach may be substituted with a recover-recycle-reuse model using circularity in fashion. This creates value addition by converting trash into resources that can be reintroduced into the value chain. (Shirvanimoghaddam et al., 2020; Aus et al., 2021)

Before garments reach the intended consumers, a lot of waste will have been generated along the way. Approximately 15 per cent or more of fabric meant for clothing is left as waste on the cutting table (Textile Magazine, 2020). Pre-consumer textile waste comprises fabric remnants, faulty materials, and other waste generated during the manufacturing process (Haq & Alam, 2023). The cutting section in any garment manufacturing setup generates waste in the form of fabric scraps, faulty fabric, excess fabric spreading loss and all these contribute to pre-consumer textile waste. Due to the natural shapes that are utilized in creating a garment, 10–30 per cent of the cloth is removed and abandoned during the cutting process (Dimmick, 2023). This includes wastes like textile fabric swatches from the production process, end-of-roll pieces, cut and sew waste, damaged fabrics, and clothing samples. Process waste in clothing is unavoidable as it is dependent on the garment’s pattern design, whereas incidental waste is regarded as avoidable. Both types of waste do contribute significantly to the pre-consumer waste generated in the apparel and fashion industries. Through upcycling, all this waste can be turned into something useful as each designer has a unique approach to manipulating the waste.

The concept of upcycling textile waste material has gained significant attention as a means of community empowerment. Upcycling at the community level can be instrumental in bringing positive change in society. One such project is the ‘Stitched Up’ project in Manchester, UK. It has enabled individuals to take charge of their appearance through alternative fashion whilst improving the environment and interacting with their community (Sharma, 2019). In another case in Portugal, the project ‘From Granny to Trendy’ is made up of women over 50 who do fashion upcycling and earn extra income from the project (Machado, 2022). Environmentally aware customers are requesting more eco-friendly items as the green movement expands in the apparel sector. Communities are also taking part in this movement as it can help to drive economic empowerment and plays a key role in employment creation. In their study, Wu et al. (2022) argue that there is a dearth of literature on community-based clothing recycling and upcycling endeavours. This project sought to explore upcycling as a practice at the community level so that it could trigger more interest from the public as the participants designed various upcycled products for use and sale.

Lately, apparel manufacturing has shifted to emerging economies as companies seek to maximize their potential on profit margins, thus posing a key issue on waste management in such countries. In most cases, these companies are enticed to relocate to these developing nations due to cheap labour, thus implying more profit since the apparel manufacturing process is labour-intensive. It then becomes very important to find ways of dealing with the waste generated in these economies as it contributes to GHG emissions. One such method is the establishment of community upcycling projects such as the ‘Musoromuchena Upcycling Project’ that can empower communities and, at the same time, reduce waste.

Approach
The Musoromuchena project involved women in the Makonde district in Mashonaland West, Zimbabwe. This group was made up of various age groups who were given pre-consumer waste fabrics to develop products they deemed appropriate. The project was a result of action research that established a community need in the Musoromuchena communal area. It collaborated with a non-governmental organization (NGO), Musoromuchena Skills for Life Centre. The Centre had a large piece of land that could accommodate a sewing room, farming plot and laboratories for other skills-learning activities. Over sixty women participated in the pre-consumer waste action research under the guidance of a trainer and the research team. Some of the women who lacked basic sewing skills were trained at the centre to make sure they could handle and operate sewing machines. The project was more vibrant during the farming off-season period, providing the women with enough time to interact and discuss how they could design useful products from the waste materials. Indigenous knowledge systems (IKS) were a component of the project that guided the women in choosing products to work on using the waste materials. The women managed to showcase the products they designed in an exhibition at the centre in July 2022. Figure 17.1 shows the materials used by the women in the upcycling project.

Each exhibitor was allowed a time slot to describe the process they used in coming up with the product and the functionality aspect, as well as to state any challenges they faced during the process. The exhibitors highlighted the benefits they had accrued due to the upcycling project. Figure 17.2 shows the women sorting and selecting the waste materials as the women before sharing the bundles. The pieces were selected based on fabric type, colour and the pattern style of the offcuts. This ensured that everyone get similar pieces wherever possible.
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Figure 17.1 Textile fabric waste.
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Figure 17.2 Sorting and selection process.

Outcomes and Challenges
The exhibition allowed everyone to show the products they had designed and produced using waste materials. All the materials were sourced from a clothing manufacturing entity affiliated with Chinhoyi University of Technology. The centre fully sponsored the exhibition event.

Social Benefits of the Project

The exhibition showcased several products, including bags, bed covers, ropes, skirts, shorts, rugs and many other items. The project managed to increase social interaction among the women in the area as they met once or twice a week to share ideas about products that could be designed using the waste materials. More than 70 per cent of participants mentioned that the project had led to a positive improvement in their livelihoods. One participant mentioned that the engagement and teachings they got from other members and facilitators helped them to deal with issues of abuse in their home. Through the project, some participants also mentioned that it managed to keep their minds active as they explored ways of manipulating the waste so that they could reap more benefits from it. One of the participants mentioned, ‘The project keeps my mind busy as I have to come up with creative ideas of sewing or knitting the various types of fabric waste, and that is healthy for me, unlike spending the whole day idle at home’ (Participant 3). The participants also gained skills, such as sewing and knitting, through this project. It improved the awareness of the local community on issues with sustainability and, at the same time, boosted their creativity.

Economic Benefits of the Project

Some participants generated income by upcycling the provided waste fabric and selling their products to other people within the community. As shown in Figure 17.3, one participant made bed covers, sold them and used the money to buy food and household utensils for her family.

In a similar case, another participant mentioned that she managed to make ropes to use at home for activities such as farming and fetching water from the well. She went on to state that the husband initially had a negative view of the project but, after seeing her making useful products at home, he became supportive of her efforts. Another participant also exhibited small bags that could be used at home or at school to carry books, as shown in Figure 17.4.

Summary of Challenges Faced

Despite the project providing numerous benefits highlighted by women who played an active role, several problems were also highlighted by the participants. The major problem was the equipment used for the sewing process as they only had access to hand-sewing machines. One participant pointed out that they would be happy to purchase more industrial sewing machines and other specialized machines such as buttonholes and overlocking machines. Another participant stated, ‘The quality of our products is affected by the type of machine we use; using better industrial sewing machines can result in marked improvement of our products as we sometimes end up stitching using our hands’ (Participant 6).

It was also emphasized that participants could not source or access matching sewing threads for the fabric pieces, posing a challenge to the construction process. The participants also mentioned that it was difficult to conveniently meet as one group for training sessions due to family commitments and the demands of other activities in their homes and communities. In the area, Thursday is apparently a sacred day, and no one is expected to do any farming activities. Therefore, this was the day when the women got time to come to the centre for their project. However, they said it was not enough. Some women had to walk long distances to the centre, which affected their attendance and they missed out on learning opportunities. The selection process was another challenge as the women had little knowledge of the various fibre compositions of the materials and, in some cases, failed to sort the related materials correctly. Sourcing the pre-waste from one place can be a challenge in terms of getting a variety of materials. As one participant mentioned, ‘We need to have a variety of fabric pieces in terms of quality, colour, and size so that we can widen the product ranges we make.’ (Participant 2). Another participant also echoed a similar sentiment as she stated that they would prefer fabric pieces from blankets so that they could make winter coats, jackets and blankets. The frequency of supply of waste fabric materials was also highlighted: the participants mentioned that they could do more if they had more and better materials
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Figure 17.3 Bedcovers made from upcycling.
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Figure 17.4 Denim upcycled bag.

Discussion
This action research demonstrated that the upcycling of pre-consumer textile waste could bring numerous benefits to the community, companies and the environment. In this study, the community exhibited products that were made from waste fabric; some managed to earn income from selling their products. There is a need to improve the design skills of the women participating in the upcycling project, as most exhibited a lack of sewing and design skills. The lack of equipment, such as specialized machines was mentioned and, as such, sourcing for such equipment from other clothing manufacturers could be a solution. It should be noted that upcycling is not just the responsibility of companies and consumers having government policies that encourage manufacturers to act and promote CE initiatives is equally important. To be a good designer who can upcycle, one needs to be educated or trained in how they can use design thinking to come up with unique products. In this project, the training was facilitated by one individual in various areas. Having a designer who would come to teach the women how to develop new products creatively could also be explored as the project is ongoing. Engaging various facilitators can be instrumental in improving the output of the upcycling project. Involving different facilitators can contribute to the progress of the upcycling project. This community upcycling initiative has influenced the livelihoods of participants, consistent with findings reported by Machado (2022) and Wu et al. (2022), who noted that such projects can affect participants’ outcomes.

The success of upcycling is contingent upon the availability of waste materials, a factor that proved to be a significant obstacle for the participants. The project demonstrated that it had long-term potential provided that the appropriate support structures were established. One such key intervention is the engagement of a full-time fashion instructor or designer who, through training, can equip the women to upscale their design capabilities. The project has improved people’s awareness of sustainable fashion and, at the same time, has enhanced community engagement. Networking with apparel manufacturers can improve community upcycling projects by allowing better waste sorting at the company level. Using waste from the apparel industry helps reduce landfill use, conserve resources and lower emissions by decreasing the water and energy required. Governments can encourage sustainable practices using tax incentives, while manufacturers should also back community efforts to advance the CE. The government can also come up with mechanisms to promote sustainable behaviour amongst manufacturers by offering tax rebates for those who score highly in terms of their sustainability activities. Manufacturers need to support community-based sustainability initiatives as they promote the circular economy model.

Conclusion
Upcycling pre-consumer waste can promote sustainability initiatives in developing economies and, at the same time, help to build communities. Community engagements through upcycling can also promote awareness of the devastating effect of waste on the environment. Upcycling knowledge and training can empower communities to design craftwork products and other valuable household items so that people can earn money. As a CE ingredient, promoting upcycling at a community level can be instrumental in supporting the CE drive. By upcycling pre-consumer textile waste materials, communities can turn what might have been considered useless or discarded items into valuable products. Upcycling allows the sharing of resources between businesses and the communities in which they operate, thus fostering positive relationships. Implementation of upcycling at the community level results in psychological and sociological advantages including a sense of empowerment, relaxation and a stronger connection to society. In conclusion, upcycling pre-consumer textile waste products is an excellent approach to cutting waste, saving resources and empowering communities.
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Chapter 18

Incorporating Upcycling into the Industrial Design Program: The Case of the University of Botswana

Richie Moalosi, Polokano Sekonopo, Yaone Rapitsenyane and Paulson Letsholo

Introduction
The world is slowly transiting to new economic paradigms that intend to implement the circular economy’s guiding principles and seek to provide the conditions for sustainable development. People’s awareness of sustainability and the value of conservation and upcycling has increased because of the global environmental catastrophe. The Sustainable Development Goals (SDGs) are a set of objectives set by the United Nations to foster sustainable development to improve human lives and protect the environment (United Nations, 2015). The SDGs urge communities worldwide to learn about and participate in sustainable initiatives such as upcycling with more informed actions. The University of Botswana has incorporated sustainable upcycling into its design programme to demonstrate its unwavering commitment to contributing to efforts to combat climate change. The design programme is based on designing products, services, and systems. The best option to address the pressing issues of waste disposal is to introduce upcycling to students early in their academic careers as one of the sustainability measures (Stahel, 2016). While there is growing interest in incorporating upcycling into the Industrial Design programme at the University of Botswana, there appears to be a research gap regarding the long-term impact of upcycling education on students and the broader design community.

Incorporating upcycling into the Industrial Design programme at the University of Botswana is a strategic decision that not only aligns with environmental imperatives but also empowers students by providing them with a versatile skill set, local relevance and a global perspective. This initiative serves as an example of the university’s commitment to fostering responsible, innovative and community-engaged designers who can address the challenges of today’s and future world. This study was based on a case study conducted with industrial design students at the University of Botswana. Upcycling was integrated into the programme through a project-based learning approach to equip students with knowledge and skills about sustainable development principles. The aim was to expose students to different ways of conserving resources, reducing waste, assessing environmental impact, posing a creativity and innovation challenge of using waste materials, inculcating social and cultural values on upcycling and empowering students to be ambassadors of the upcycling concept. This approach is aligned with Shuhailo et al. (2022), who argue that higher education should promote the ideas of the circular economy and the development of ethical standards for the reuse of products. By encouraging students to recognize the advantages of upcycling, they will be more aware of their environment and transform waste materials or unwanted products into new, functional and often higher-value items needed in the circular economy (Maaruf, 2021).

Circular Economy Practices
The earth can no longer sustain the level of resource demand that humanity needs; here is thus a significant environmental deficit in the context of rapid economic growth (Wu & Bai, 2022). The world is facing a dilemma due to a linear economy based on perpetual growth and consumption of finite resources (Abrishami et al., 2021). Resource extraction will remain intense and in the future to meet humanity’s needs (Anastasiades et al., 2020; Arif et al., 2012). This has given rise to various global challenges, including climate change, environmental degradation, energy scarcity and other threats to humanity and security (Ali et al., 2023). There is an increased understanding of the complex relationship between environmental concerns and social development in our rapidly changing world. This realization has amplified the significance of sustainable development in the circular economy (Khan et al., 2023). A circular economy is an economy that produces zero waste (Afteni et al., 2022). In a circular economy, resources are replenished. Processes, including maintenance, reuse, refurbishment, remanufacturing, recycling and upcycling, ensure that materials and products remain in circulation (Ellen MacArthur Foundation, 2023). The circular economy is based on the principles of elimination of pollution and waste, circulation of products and materials for a longer time and the regeneration of nature.

It is, therefore, imperative that we transition from the traditional linear model to a circular model to ensure the long-term sustainability of our planet (Ellen MacArthur Foundation, 2023). The linear economic model focuses on products which are produced, used and then thrown away as waste (Afteni et al., 2023). It is based on taking raw materials from the earth, using these to make products to sell and, once these products have reached their end-of-life, disposing of them. Abrishami et al. (2021) argue that, to address these challenges simultaneously, we need a radical approach to production, consumption, disposal of waste and living. Dealing with waste sustainably is crucial for reducing the environmental impact of human activities. The circular economy model focuses on designing products for durability, repairability and recyclability. It tries to prolong the time that materials are used in the economy. Currently, the following are some of the sustainable ways to manage and handle waste: reduce, reuse, recycle, composting, upcycling, waste-to-energy, extended producer responsibility, community recycling programmes, e-waste recycling, zero waste initiatives, government policies and regulations and circular economy practices. By adopting these sustainable waste management practices, individuals, communities, and industries can contribute to a cleaner environment, reduce resource depletion and create a more sustainable future (Maaruf et al., 2021). This chapter focuses on upcycling as a promising practice towards sustainable development and circular economy.

Incorporating upcycling into industrial design education not only equips students with practical skills but also instils a sustainability mindset. This prepares students to play an essential role in advancing the circular economy, where resources are conserved, waste is minimized and sustainable practices become integral to the design and production of goods. As the circular economy gains prominence globally, upcycling remains a valuable tool in achieving its goals and driving positive change.

The Importance of Upcycling in the Circular Economy
Upcycling provides novel strategies for resource efficiency and waste management and reduces solid waste and the industrial energy consumption involved in manufacturing and processing virgin materials. It is a promising alternative to reduce energy and material use and engender sustainable production and consumption. Upcycling disrupts unsustainable production and consumption patterns by combining recycling and upgrading (Wegener, 2016). Products gain value through upgrading and recycling encourages the reuse of discarded materials. Sung and Abuzeinab (2022) argue that upcycling refers to material processes and innovations using waste components, products and materials to create products of higher quality or added value than compositional elements. Therefore, upcycling offers an option for sustainable consumption by taking disposed-of products or waste into a new production and value-creation cycle. It counters the argument that an object has no value once disposed of and it must be destroyed before re-entering a new circle of production and value creation (Wegener, 2016). Adopting upcycling innovation plays a significant role in the quest for sustainable development. The goal of the circular economy is to rethink waste as a useful resource with the ability to start a new value generation chain during its existence rather than as trash (Moalosi & Sung, 2022). The circular economy promotes reducing waste and pollution, extending the useful lives of products and resources, and restoring natural systems (Bofylatos, 2022). Upcycling offers a sustainable alternative to conventional manufacturing and consumption patterns, contributing to a circular economy and a greener future. It is a significant practice that combines environmental, ethical, economic and socio-cultural benefits:


	(a) Waste reduction: Upcycling assists in reducing the amount of waste sent to landfills or incineration facilities. By repurposing and transforming discarded materials, upcycling prevents them from ending up in the waste stream, contributing to resource depletion and environmental pollution (Bofylatos, 2022).

	(b) Conservation of resources: Upcycling decreases the demand for new raw materials by using existing ones. It promotes resource conservation and reduces the need to extract, process and manufacture virgin materials, which helps sustain natural resources such as energy, water and forests.

	(c) Environmental impact: Traditional manufacturing processes frequently involve substantial energy consumption and greenhouse gas emissions. Upcycling requires less energy and produces fewer emissions than creating products from scratch. By lowering the environmental impact of production, upcycling contributes to mitigating climate change and protecting ecosystems.

	(d) Creativity and innovation: Upcycling encourages creative thinking and innovation by challenging people to find new uses and applications for discarded materials. It nurtures a mindset of resourcefulness and problem-solving, promoting unique and imaginative approaches to design and manufacturing (Duksson, 2021; Bridgens et al., 2018).

	(e) Economic opportunities: Upcycling can create economic opportunities in local communities. It can inspire entrepreneurship and small-scale businesses centred around transforming waste materials into marketable products (Wegener, 2016). This generates income and contributes to job creation and economic development (Martín et al., 2022).

	(f) Social and cultural value: Upcycling can have social and cultural benefits by promoting sustainable practices and raising awareness about consumption patterns and waste management (Martín et al., 2022). It can advance a sense of cooperation, community engagement and environmental responsibility, leading to a more sustainable and conscious society (Bridgens et al., 2018).

	(g) Individual empowerment: Upcycling enables individuals to reduce waste and make a positive environmental impact. It also enables individuals to actively participate in sustainable practices by reimagining and repurposing items in their residences or societies (Martín et al., 2022). This sense of empowerment can lead to a greater sense of well-being and personal fulfilment.



Methods
A case study was conducted with 22 third-year Bachelor of Design (Industrial Design) students at the University of Botswana. All students doing the module ‘IBC322 Integrated Product Design’ participated in the project as part of their programme fulfilment. A case study was selected for this study because it is an empirical investigation that examines a phenomenon in its actual setting (Yin, 2014). The methodology promotes the deconstruction and subsequent rebuilding of numerous phenomena and enables the researcher to investigate persons or organizations through interventions, relationships communities, or programmes (Priya, 2021; Yin, 2014). A project-based learning approach was adopted to build students’ creative capacity to work through complex or ill-structured problems, commonly in small teams. The fundamental tenet of project-based learning is that students learn to apply new knowledge in a problem-solving environment while engaging with and considering real-world challenges (Funke, 2022). The educator is a facilitator who enables students to construct knowledge through exploration and experimentation.

Students were introduced to a series of lectures and group discussions on upcycling, which included some of the following topics: an introduction to upcycling, materials and tools, upcycling techniques, design inspiration, upcycling projects, upcycling and sustainability, the business of upcycling and the future of upcycling. In parallel with the lecture series, students were given an open design brief to design a product of their choice using waste materials. They followed the following six steps:


	1. Identify and collect the waste materials they could use for their project.

	2. Clean and sort the waste materials.

	3. Design and plan.

	4. Deconstruct and prepare materials.

	5. Upcycle and assemble.

	6. Apply finishing touches.



The project was completed in 14 weeks, and the participants spent four hours a week on it. Students worked in collaborative groups of three members and used materials such as old tyres, bottles, scrap metals, wood off-cuts, cardboard boxes, plastics, etc. The aim was to expose students to upcycling and align with the goals of fostering environmentally responsible citizens equipped with critical thinking skills, creativity and a sense of agency to address our world’s complex sustainability challenges. The data was collected from the students’ portfolios and was analysed through thematic and visual analysis. The following sections present a selection of the projects undertaken by the students.

Findings
Since this was the student’s first exposure to upcycling, the focus was on exposing them to upcycling rather than emphasizing the quality of the products produced. Figure 18.1 (left) shows a reception chair made from waste cardboard boxes. After making the chair’s structure, upholstery was applied to enhance its aesthetic. This product shows that waste can be made into products of added value; this is a valuable message that should be shared with other students. Figure 18.1 (right) shows students experimenting with developing a machine that melts plastics into blocks, which can then be used to make tops for furniture or workstations. As such, upcycling has the potential to boost local economies by stimulating entrepreneurial activity. Small-scale companies can focus on turning waste materials into valuable and innovative products.
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Figure 18.1 Reception chair – made from cardboard boxes (left); melted plastic waste (right).
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Figure 18.2 The coffee table is made from old tyres (left); the coffee table is made from wood pallets (right).

Figure 18.2 (left) shows a coffee table made from an old tyre, wood, and plastic off-cuts. Figure 18.2 (right) shows a coffee table made from waste wood pallets. The products exhibit a resourceful and innovative problem-solving mindset, encouraging original and creative ways to design and manufacture items from waste materials.

Figure 18.3 (left) shows a waste glass make-up organizer, while Figure 18.3 (right) shows a drinking set made from waste glass bottles and wood pallets. The glass bottles have been repurposed. Students displayed the capacity to design everyday products and add value to delicate glass bottles.


[image: ]
Figure 18.3 Make-up organizer (left); a set of drinking glasses (right).

The projects in this study show that students deeply considered upcycling waste to produce products with added value. Upon analysis of the projects designed by the students, it became evident that they had acquired knowledge about environmental awareness, had participated in a hands-on learning experience, had developed a sustainable mindset and had been encouraged to express creativity and innovation. Moreover, the students were empowered to take positive action to safeguard the environment and humanity. The fact that students had to look for waste materials to design and develop their projects instilled a sense of resourcefulness, ethical consumerism and community engagement and developed a global environmental perspective on sustainable development. On a critical reflection from the interview findings, the projects have shown that teaching students about upcycling offers numerous educational, practical and ethical benefits. Incorporating upcycling into the industrial design curriculum offers the following valuable lessons to students.


	1. Environmental awareness: Educating students about upcycling has heightened their environmental awareness, specifically regarding matters such as waste production, pollution and resource depletion. This instruction has enabled them to grasp the consequences of their consumption patterns and prompted them to adopt sustainable practices. The value of environmental education lies in its ability to prevent harm to the environment and serve as the optimal solution to such issues.

	2. Hands-on learning: Upcycling projects offer a unique opportunity for students to engage in hands-on learning that fosters creativity and problem-solving skills. By transforming discarded items into valuable products, students were able to apply critical thinking, practical knowledge and design skills. For example, students created specific products from reclaimed wood and other waste materials. These projects not only teach students valuable skills but also promote sustainability by reducing waste and showcasing the potential of upcycling.

	3. Sustainable mindset: Introducing the concept of upcycling to students at an early age may instil a sustainable mindset that can have a far-reaching impact. By going beyond the linear ‘use and discard’ model and understanding the value of repurposing and reusing materials, students were better equipped to appreciate the importance of sustainability. When students learn about upcycling, they are more likely to continue this practice as adults, which helps foster a culture of sustainability that benefits both people and the environment in the long run. Ultimately, this contributes to a culture of sustainability that has a lasting positive impact on society and the planet.

	4. Creativity and innovation: Upcycling is an excellent way to foster creativity and innovation, as it challenges individuals to think outside the box when repurposing materials. This results in a stimulating environment where imagination thrives, and design and problem-solving skills are improved. By adopting upcycling practices, students learn to approach problem-solving more innovatively and sustainably while also gaining a sense of satisfaction from creating something new out of something old.

	5. Empowerment: Students who learned about upcycling felt more equipped to make fundamental changes in the world. Decreasing and/or repurposing garbage on a regular basis and making thoughtful decisions helped students to find solutions for the environment.

	6. Resource Management: Students learnt ingenuity and economical material use through upcycling. In a world where resources are limited, students gain vital skills such as maximizing the value of already-existing resources.

	7. Entrepreneurship opportunities: By comprehending the concept of upcycling, one can ignite eco-entrepreneurial inspiration and create/craft innovative products. Students may identify promising business prospects in the production of upcycled merchandise, which contributes to economic progress and advocates for sustainability. Eco-entrepreneurship integrates a variety of solutions with social, economic and environmental benefits for businesses, such as waste minimization, generating green jobs and introducing environmentally friendly alternatives to the marketplace.

	8. Ethical consumerism: Teaching upcycling is an effective way to educate students about ethical consumerism, which involves considering the environmental and social implications of one’s purchasing decisions. By learning how to repurpose and reuse materials that would otherwise go to waste, students gained a better understanding of the importance of sustainability and the role they can play in reducing waste and conserving resources. Additionally, discussions about ethical consumerism can help students to become more critical and thoughtful shoppers, evaluating the impact of their choices on the environment and society and making more informed decisions as responsible consumers. Incorporating lessons about upcycling and ethical consumerism into the curriculum can help promote a more sustainable and socially responsible mindset among students.

	9. Community engagement: Throughout the project, the students actively collaborated and shared their innovative ideas. This was instrumental in fostering a strong sense of community both within and beyond the classroom, as the students partnered with their peers, educators, and local organizations to advance sustainability initiatives. It is worth noting that each project was completed by a team of three students to maximize community engagement.

	10. Developing a global perspective: The inclusion of upcycling as part of the curriculum has facilitated a broadening of students’ perspectives on global environmental challenges. With this knowledge, students are better equipped to evaluate how their actions, even those on a small scale, can impact more significant problems such as waste management, biodiversity loss and climate change. The ability to connect their actions with these more significant issues has resulted in a more comprehensive understanding of environmental concerns. It has provided students with a sense of agency to make a positive impact on the world around them.



Overall, incorporating upcycling into the industrial design curriculum equipped students with practical skills and nurtured their sense of responsibility as stewards of the planet. It actively empowered them to build a more sustainable future in the circular economy. The results show that incorporating upcycling into the industrial design programme has achieved its objective of raising awareness, viewing waste as a valuable resource, and contributing positively to environmental challenges facing the global economy.

Discussion
Incorporating upcycling into industrial design programmes has become increasingly significant today as we strive to find sustainable solutions for waste management and resource conservation. The study highlights the significance of incorporating sustainability practices into higher education curricula, specifically within design education. The University of Botswana’s initiative to integrate upcycling principles into the Industrial Design programme is a strategic approach to align with environmental imperatives and empower students by giving them a versatile skill set, local relevance and a global perspective. This study is an empirical investigation that examines a current phenomenon in depth and within its actual setting, particularly when the distinctions between phenomenon and setting are blurred. One of the main advantages of incorporating upcycling into the curriculum is that it encourages students to think creatively and innovatively about how to repurpose waste materials (Duksson, 2021). By teaching students how to transform discarded items into new and valuable products, they can develop a deeper understanding of sustainable design principles and contribute to a more environmentally friendly future. Furthermore, integrating upcycling into the industrial design programme can also help students develop practical skills in material selection, manufacturing processes, and product development (Herman et al., 2018). The hands-on experience can prepare them for careers in the design industry and make them more competitive in the green job market.

The study underscores the importance of fostering creativity, environmental awareness and practical abilities in design education (Suwaed, 2022; Ali et al., 2023). It reveals the transformative potential of integrating upcycling into the curriculum, fostering a generation of designers capable of envisioning innovative, environmentally responsible solutions (Zunaidah et al., 2023). Moreover, the study provides insights into the sustained benefits and challenges associated with integrating sustainability into industrial design programmes. For example, Jayasinghe (2020) argues that eco-entrepreneurship enables the development and introduction of eco-friendly solutions to the market. For example, we discovered that a company in Senegal makes furniture from melted plastic bottle waste. This was excellent motivation for the students because it showed that they could develop enterprises and produce furniture pieces which saved the environment from damage. However, there are also challenges associated with incorporating upcycling into the curriculum. For example, students may face limitations in terms of resources and access to materials for upcycling their projects. Moreover, there may be resistance from traditional design practices and a lack of awareness among students and faculty about the benefits of upcycling (Barratt et al., 2013).

The study findings can be used as a valuable model for other educational institutions seeking to infuse sustainability, especially upcycling, into their design programmes, contributing to a more conscious and ecologically sustainable future (Haug & Busch, 2016; Herman et al., 2018). Future research should explore the long-term impact of upcycling education on students and the broader design community. Most existing studies (Aus et al., 2021; Ali et al., 2013; Richardson, 2010) tend to focus on short-term outcomes, such as immediate skill development and immediate design projects. To address this gap, future research should explore the lasting effects of upcycling education. By addressing the long-term impact of upcycling education, research can provide insights into the sustained benefits and challenges associated with integrating sustainability into industrial design programmes. This information is crucial for programme enhancement and the continued evolution of design education in the context of global sustainability imperatives.

Conclusion
This chapter discussed the integration of upcycling principles into the Industrial Design programme at the University of Botswana, aiming to equip students with the knowledge, skills and mindset necessary to address contemporary environmental challenges. It used a project-based learning approach to expose students to different ways of conserving resources, reducing waste, assessing environmental impact and empowering them to be ambassadors of the upcycling concept. The study highlights the transformative potential of integrating upcycling into the curriculum, fostering a generation of designers capable of envisioning innovative, environmentally responsible solutions. The University of Botswana’s experience serves as a valuable model for other educational institutions seeking to infuse sustainability into their design programmes, contributing to a more conscious and ecologically sustainable future.

Incorporating upcycling into the Industrial Design programme represents a significant stride towards nurturing sustainable design practices and responsible consumerism among students at the University of Botswana. This case study highlights the multifaceted benefits of introducing upcycling into higher education curricula, particularly design education. The fusion of creativity, environmental consciousness and practical skills in upcycling projects equipped students with the technical proficiency required in their field and a profound understanding of the ecological implications of their work. It underscores the university’s commitment to producing well-rounded, conscientious designers capable of contributing positively to their communities and the environment. The programme exemplifies the potential for academia to shape a generation of designers who will pioneer sustainable solutions, challenge the conventional and re-imagine products and systems from an ethical and environmentally conscious perspective.

As the global community grapples with the pressing challenges of resource depletion and environmental degradation, educational initiatives such as that undertaken by the University of Botswana offer hope. By integrating upcycling into the Industrial Design programme, the university imparts knowledge and skills and catalyses a mindset shift that transcends classroom walls. This paradigm shift towards sustainability and responsible design has the power to influence industries, societies and, ultimately, the trajectory of our planet. Thus, incorporating upcycling in design education is not just a practical pedagogical approach but a profound investment in a greener, more innovative, more conscious future.
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Chapter 19

New Product Development for Upcycling and the Circular Economy Focusing on Everyday Electronic Products

Kyungeun Sung, Joseph Shade, Thomas Wylam, Tony Lorance, Mik Pieniazek and Abhishek Tiwary

Introduction
Many existing products on the market in the traditional linear economy (of take, make, use and dispose) have been designed and manufactured without much consideration of end-of-life options for the circular economy (turning waste into resources for production) (Stahel, 2016), such as remanufacturing or recycling (Burke et al., 2021). It is relatively easy and straightforward to reuse or recycle single-material products such as plastic bottles, metal cans, ceramic plates, or wooden furniture. Most everyday use electronic products such as electric kettles, speakers or vacuum cleaners, are made of mixed materials (e.g., several metals and plastics, rubber) and have multiple components that make them more difficult to remanufacture or recycle. Recognizing this challenge, this project aimed to create radical innovations in new product development for upcycling (utilizing used/waste materials for a new product with higher quality and/or value than the compositional elements) (Sung, 2017) and the circular economy focusing on everyday electronic products.

The project was a short-term project named ‘New Product Development for Upcycling and Circular Economy’ (NPD4CE), which ran between November 2022 and July 2023 and was funded by De Montfort University’s (DMU) Higher Education Innovation Funding (HEIF) (£11,086). The project website is available at https://npd4ce.our.dmu.ac.uk/. We used the first two months (November-December 2022) to advertize the posts internally at DMU and externally via emails to design academics at Loughborough University and Nottingham Trent University. During this time, we also received applications, and shortlisted applicants. In the following month (January 2023), we interviewed the shortlisted students. We appointed three current students at DMU: Joseph Shade (BA Product Design), Thomas Wylam (BA Product Design) and Tony Lorance (MSc Product Design). During the administrative procedures (to hire students through DMU Unitemps), we applied for and obtained research ethics approval for the project and had a project kick-off meeting involving the three students and the supervisory team: Dr Abhishek Tiwary (expert in sustainable engineering and manufacturing), Dr Kyungeun Sung (expert in upcycling and circular economy), and Mik Pieniazek (expert in product design practice and new product development).

The students were asked to choose a different product category. Joseph selected a speaker, Thomas selected a cordless vacuum cleaner, and Tony an electric kettle. For study purposes, we purchased the relevant and available benchmarking products for each category through DMU suppliers. From February to March 2023, students conducted literature reviews and other secondary research (e.g., benchmarking and identifying best practices), project planning, identification of relevant industry professionals/stakeholders and reverse engineering and product analysis of the purchased product. In April and May, the students generated ideas, developed concepts, interviewed the relevant industry professionals/stakeholders to capture industry perspectives and obtain feedback on their initial ideas and concepts, simulated and tested some of the promising concepts virtually and physically, and proposed a final concept. In July, they refined and detailed a final design proposal and created a working prototype. The actual time that the students spent on the project was a maximum of 10 hours a week (depending on other priority commitments such as assignment submission deadlines) for about 5.5 months between early February and mid-July of 2023. At the end of the project, we organized a project final presentation and networking event with the industry professionals in mid-July 2023 at DMU (Figure 19.1).
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Figure 19.1 Presentation by Joseph Shade.

Student Project Processes and Outcomes
This section describes the three students’ project processes and outcomes: Joseph Shade’s speaker project, Thomas Wylam’s cordless vacuum cleaner project, and Tony Lorance’s electric kettle project. Because of the exploratory nature of the project, we allowed the students to develop their project in different directions.

Speaker Project by Joseph Shade

Joseph, in his secondary research, first tried to understand the key terms of upcycling and circular economy. Then, he described product life-cycle categories of product introduction to the market, growth, maturity and decline, and classified a speaker in the decline category. He then looked at design strategies for product design in the decline stage regarding sustainability: (i) design for product durability, (ii) design for standardization and compatibility, (iii) design for ease of maintenance and repair, (iv) design for disassembly and reassembly, (v) design for product attachment and trust, and (vi) design for upgradability and adaptability. In his primary research, he reverse-engineered and analysed the Sony SRS XB-23 Speaker (Figure 19.2) and identified several sustainability issues despite high-quality engineering and manufacturing overall. The issues included heavy use of glue, heavy soldering, a mixture of different materials, tiny screws requiring special drilling, and several snap hooks that were easily bent and broken. Clearly, the product was not designed for disassembly, repair or recycling.

Based on the secondary research and product analysis, Joseph had the initial idea of a classic, simple, longer-lasting design with customizable front-cover panels that are made of materials with graceful ageing (e.g., wood) and modular design in general for easy disassembly maintenance, repair and upgrade if required (Figure 19.3).

He talked to three product design practitioners with expertise in audio products, presented his initial idea and gained some feedback. Despite some contradictory opinions on details, the common opinion of the three professional designers was that the design should be timeless and desirable, promoting the upcycling narrative and targeting environmentally conscious consumers rather than audiophiles. Therefore, Joseph set his design brief as:


The speaker will be easy to dis- and reassemble, pleasant to listen to yet not audiophile level and be highly modular. The target market will be the eco-conscious consumers. It will not use one-way fastening features, strongly avoid the use of uncommon fixings and be as durable as possible.



Focusing on strengthening the upcycling narrative, Joseph explored varied inspirations and decided to upcycle one meaningful waste (or found object) he possessed, a two-stroke engine barrel and waste wood. He first used 3D modelling and rendering to imagine the potential design outcome, then used 3D scanning of the two-stroke engine barrel to get accurate measurements and build the design around it virtually and physically (Figures 19.4 and 19.5).
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Figure 19.2 Sony SRS XB-23 Speaker reverse engineering and product analysis.
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Figure 19.3 The initial idea of classic design with a customizable front panel.

Joseph used two stereo speaker full-range drivers, BT-AMP, power supply, and speaker wire as working components, and a 3D-printed recycled plastic filament for the base (in addition to the two-stroke engine barrel and waste wood front panel) to create a working prototype (right photo in Figure 19.5). The original invention in his design is the new shape and configuration of the speaker using waste materials.

In his reflection, Joseph concluded that it is entirely possible to make a working product from reused components with few compromises. Despite the strong narrative of upcycling through particular aesthetics, which can be potentially more appealing to environmentally conscious consumers, due to the one-off nature of utilizing waste/found objects, the scalability of the concept in the commercial setting is questionable, requiring further research. Joseph’s recommendation for similar future work was to (i) focus on narrative; (ii) stick to industry standards and conventions, especially for input/output, controls, and user-product interaction; (iii) design for long service life with repair and maintenance in mind; and (iv) consider the environment as another user group to consider their requirements.

Cordless Vacuum Cleaner Project by Thomas Wylam

Thomas, in his secondary research, first tried to understand the circular economy and other related concepts such as sustainability, planned obsolescence, and Life Cycle Analysis (LCA). Thomas focused on the UK’s waste issue, including plastic waste export and undervalued reuse and recovery of materials. Then, he explained the significance of vacuum cleaners as a project’s target product. For example, vacuum cleaners have the second largest embodied greenhouse gas emissions of electrical products after television and widespread ownership in households (Salvia et al., 2015). Vacuum cleaners are considered one of the fastest-growing waste streams and require specific enforcement legislation in the EU (Gallego-Schmid et al., 2016). Thomas introduced some good product design examples, such as a repairable flatpack toaster by Kasey Hou, which helps consumers to feel more attached to the product (so they use them for longer) and also feel confident in repairing it when it is broken by making the consumers assemble it at the start of ownership (Hou, 2023) – a widely identified phenomenon referred to as IKEA effect (Norton et al., 2012). Another good example was Kara, a modular coffee machine that is easy to repair and recycle, designed by Thomas Mair (Designboom, 2023). In his primary research, Thomas reverse-engineered and analysed Roidmi S2 – a cordless and bagless model (Figure 19.6). He found that whilst the assembly is generally good with its use of a single screw type, there is a risk that some consumers could permanently damage the mouldings when undoing some snap hooks. The circuit board had a coating designed to prevent reverse engineering of the electronics or replacement of components during repair. The potential repair time was estimated as excessive (or longer than the industry average time) as the product had to be fully disassembled to access the motor and circuit board for a potential replacement.
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Figure 19.4 New upcycled speaker-making process.
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Figure 19.5 New upcycled speaker design development.
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Figure 19.6 Roidmi S2 cordless vacuum cleaner reverse engineering and product analysis.

From the research, Thomas identified several opportunities for design innovation that may help to extend the lifecycle and repairability of cordless vacuum cleaners, including designing appliances that maintain themselves (e.g., automated filter or brush bar cleaning) and designing to allow faster repair workflows. After experimenting with a variety of ideas, including some self-cleaning mechanisms, Thomas decided to go for a modular design for easy disassembly, repair, and reassembly, with protective features (i.e., detachable fins to absolve impact when dropped) for increased durability and potential upcycling (or creative reuse or repurpose) options after the service life such as a lampshade, plant pot, or toy (Figure 19.7). The originality of his design lies in the inclusion of modular protective fins.

Electric Kettle Project by Tony Lorance

Tony, in his research, lightly touched on the concept of upcycling and circular economy by literature review and focused on the selected/purchased product – Bosch TWK5P475GB 1.7L, a traditional electric kettle – for reverse engineering and product analysis (Figure 19.8). From the product analysis, Tony identified several sustainability issues: (i) use of press-fit components – once installed, they could not be removed without damaging the legs of the parts; (ii) non-removable heating coil, copper strips, and most of the electrical wirings – mostly welded to the container part; (iii) some fasteners requiring special tools for removal; and (iv) a complicated mechanism and high number of parts used for closing the lid.

Based on the identified issues, Tony proposed some design directions as follows:


	Materials: using durable and sustainable materials for the main body and handle, for example, recycled stainless steel, aluminium, bamboo or ceramic.

	Accessibility: making components more accessible for repair and maintenance by, for example, using standardized fasteners (not requiring special tools for removal).

	Replaceability: making the heating coil and copper strips more easily removable and replaceable (without welding) by, for instance, a plug-and-play mechanism.

	Electrical wiring: using removable connectors and detachable wiring.

	Adhesives: using sustainable adhesives such as non-toxic biodegradable ones.

	Mechanism: simplifying the mechanism for closing the lid and reducing the number of parts involved by, for example, using a magnetic or spring-loaded mechanism.

	Fasteners and screws: using those that are standard and easily accessible/removeable.
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Figure 19.7 Modular, protective cordless vacuum cleaner for easy repairability and upcycling potential.

The design directions were in line with expert opinions. During the expert interviews, as Tony found out, they emphasized the need for standardizing fasteners and screws, redesigning the lid-closing mechanism and selecting more durable and sustainable materials. Tony, therefore, redesigned a kettle focusing on a simplified design with a more sustainable ceramic/glass body, standard fasteners and screws and wiring without welding. Tony created a working prototype (with the ceramic body) using some of the usable components from the reverse-engineered kettle, proving that it is possible to reuse all the components if it is designed and made for disassembly and reuse/remanufacture (Figure 19.9). Although the proposed design is visually indistinguishable from other existing kettle designs, the idea of improving the sustainability of the product by considering various aspects of the product is important to Tony’s project.

Discussion and Conclusion
The three students who worked on the project found it to be a good learning opportunity. The industry professionals who were involved in the project throughout the process and who attended the final presentation and networking event also expressed how much they valued the opportunity to contribute to the project and be informed by new ideas. The results showed some potential for further research and development in this area. For example, we now know that speakers with an upcycling concept or a strong focus on sustainability are not for audiophiles and cannot easily be portable (if/when using various found/waste objects which are not necessarily lightweight), which limits the market to a great extent. Nowadays, not so many people use separate speakers at home unless they are audiophiles. Future research could investigate what kinds of products (or product categories) are more suitable for a strong upcycling concept or narrative. We know that furniture or fashion upcycling is popular to some extent (Singh et al., 2019), but what about other sectors or products? Where/what are the promising areas that have not yet been explored? On the other hand, the successful working prototype of the new speaker confirmed the technical feasibility of electronic products with upcycling concept. We just need to target the right market and consumers. One of the critical feedback items from industry professionals regarding the new speaker design was the scalability of the concept based on a one-off design, which is a typical problem for many upcycled, handcrafted products. Unless we are targeting the high-end craft market, the manufacturing or production processes should be scalable (efficient enough to produce consistent quality results with controllable quantity) to make the business profitable. The next project will probably focus on scalable ideas and concepts that are ready for mass production.
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Figure 19.8 Bosch TWK5P475GB 1.7L electric kettle reverse engineering and product analysis.
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Figure 19.9 Working prototype-making process and 3D modelling and rendering of the new kettle concept.

Thomas’s modular, protective cordless vacuum cleaner for easy repair and upcycling potential showed how current manufacturers could potentially create a significant impact by making a relatively small design change. The protective features (i.e., detachable fins), however, could be considered as non-essential components that may compromise the aesthetics and increase the manufacturing cost. Whether existing manufacturers would be interested in making these kinds of changes is unknown. If the newly suggested design change does not compromise the aesthetics (or any functions), if it does not add more parts/components and rather reduces the cost, manufacturers may be more willing to make that change. The suggested potential upcycling options (or creative reuse/repurpose) after the service life (such as a lampshade, plant pot, or toy) are certainly interesting; these are some of the most environmentally sustainable options as they do not use energy or toxic chemicals for processing. However, whether these options are the best ways to capture or increase the value of the existing products is debatable. Future studies could focus on making subtle changes that are not necessarily visible but could improve sustainability by, for example, reducing the number of parts, reducing the variety of materials and simplifying the assembly. The best practice identified from Thomas’s research could have been another excellent design direction: a flat-pack, self-assembly cordless vacuum cleaner with the IKEA effect. Another future project could be looking at what kinds of products (or product categories) are more acceptable (to consumers or end users) for self-assembly.

Tony’s kettle project showed that even a simple electric kettle has many small parts and components inside and the assembly is relatively complex. Therefore, there is still space for innovation regarding sustainability to improve the product design in terms of reducing and standardizing parts and simplifying the assembly. The design direction Tony selected was promising – simplifying the design, using more sustainable materials, and making the disassembly and repair easier. However, the actual design and delivery were not as good as the ideas and concept. From the industry perspective, many manufacturers may have their business-as-usual practices using certain materials, fasteners or screws or welding certain parts. It could be challenging to change these current, prevalent practices as any change implies additional costs. To convince decision-makers of the manufacturers to make the change, we probably need to appeal for stronger financial benefits of the change or consider top-down interventions such as government policies or regulations or new industry standards emphasizing sustainability factors.

The project students were varied in terms of the stage of their study, capacity and strengths and weaknesses. Joseph was in his placement year after his second year in BA Product Design. As he was already in his part-time placement year to gain some work experience (without timetabled classes or coursework), he was the most passionate and enthusiastic person to dedicate his time and efforts to the project. In similar future projects involving student designers, the students who are in the part-time placement year might be the best people to recruit. Joseph’s strengths were technical knowledge and capability, practical hands-on making and fabrication skills, 3D modelling and rendering and attention to detail. Thomas was in the final (third) year of BA Product Design. As he was working on his major project, degree show, and New Designers in London, he prioritized these more important study commitments, which was our recommendation, too. As an academic staff member, it is important to give a good learning opportunity to a variety of students, especially those who are going to be in the job market soon. However, if/when future design projects involving students require high level of commitment, one should avoid final-year students. Thomas’s strengths were good storytelling and communication, a clear-thinking approach to problem-solving, a sophisticated taste in design and aesthetics and overall efficiency. Tony was an international student in MSc Product Design (unlike Joseph and Thomas, who were home students). As the master’s programme is only one year, and someone in an unfamiliar environment (new to the UK and UK design education in higher education), Tony seemed to struggle a bit to balance between his study and this project work. So maybe it is not appropriate to involve an international master’s student in any future projects unless it is one that is very short-term (e.g., one month). Tony’s strengths were meticulous reverse engineering and product analysis, academic writing, an experimental approach to design, strategic and logical thinking, and conceptual design.

Based on these reflections, longer-term projects (e.g., 3–6 months) could be more suitable for second or placement year students. Shorter-term projects (e.g., 1–3 months) could also be suitable for final-year or master’s students. Depending on students’ strengths and weaknesses, it might be better to be flexible regarding the tasks so that each student has a tailored pathway or procedure to show their strengths and perform better in the project (instead of using the same procedures and methods). In our education, we emphasize flexible teaching and learning depending on students’ diversity (Wade, 1994), and use it as an important principle in our teaching practice. However, when it comes to research projects, we sometimes forget that we could also apply flexibility to our projects so that the students who are involved in the project can learn and perform better.

The project ran for just over five months using our current students as part-time student designers with limited resources. The project was exploratory in nature and we do not claim that it has any scientific significance. However, we learned a lot from this project and this experience. We also hope that this chapter gives some useful tips to other academics who aim to conduct similar studies in the UK and elsewhere. This is a small-scale pilot project; we aim to scale this up by applying for larger amounts of external funding to address the questions raised by this project, including (i) products (product categories) suitable for strong upcycling concept; (ii) promising markets and consumer segments for products with strong upcycling concept; (iii) scalable upcycling design ideas and concepts suitable for mass production; (iv) subtle and invisible sustainable design innovation using upcycling principles; (v) products (product categories) suitable for self-assembly concept and IKEA effect; and (vi) how to involve and convince the big players (major manufacturers) for a change.
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Chapter 20

Common Waste Upcycling for Product Design as Extracurricular Activities in Design Education

Kyungeun Sung, Millie Rees, Theodore Sloos, Richie Moalosi, Yaone Rapitsenyane and Anneloes Roelandschap

Introduction
Upcycling of common wastes such as plastics, textiles and wood is known to be a promising area in terms of reducing negative environmental impacts and becoming a financially viable option as an alternative production method (Sohn et al., 2020; Singh et al., 2019). Common waste upcycling for product design or new product development is highly relevant and important in line with the United Nation’s Sustainable Development Goal 12, Responsible Consumption and Production and the emerging circular economy – an alternative to the traditional, linear economy of take, make, use and dispose, emphasizing material circularity (Stahel, 2016). Embedding upcycling, circular economy, and responsible consumption and production in design education is one of the first steps to making changes in industry practices (Sung, 2023). When it comes to upcycling for teaching and learning in higher education, a recent literature review (Sung, 2020) found that most articles were published between 2014 and 2018 by academics in the fields of business management, design, sustainability science and engineering, confirming the nascent stage of research in this area. As part of our contribution to the body of literature, as well as making a difference in education and, ultimately, industry, we used De Montfort University’s internal student internship programme (the annual Frontrunner Internship) to carry out two upcycling projects between 2021 and 2023: one project between October 2021 and March 2022, and another between October 2022 and Mach 2023. Two BA Product Design students from De Montfort University were employed on a part-time basis for the two projects: Millie Rees for 2021–22 and Theo Sloos for 2022–23.

Frontrunner Internship with Upcycling

De Montfort University (DMU) offers the annual Frontrunners internship scheme which gives current students the opportunity to undertake challenging employment and develop the higher-level skills necessary to compete for the best graduate jobs. Internships are normally 21 weeks in length and 10 hours per week, taking place during term-time only. The expectation is that internships offer a secure and supportive work environment with on-the-job training and a high level of supervision and mentoring. Internships are developmental, with the main emphasis on the benefits to the employee. The first author (as a Senior Lecturer in Product Design at DMU) applied for and secured two internship positions for the academic year 2021–22 and 2022–23 (internships titled ‘Computer Aided Design and Upcycling’). The internship opportunities aimed to target students who would like to pursue a design career using computer-aided design and/or employing sustainable design principles closely related to upcycling – the creative process of turning wastes into high-quality/value products (Sung, 2017). The main duties of the internships varied, yet the one related to upcycling was the ‘design and creation of new upcycled product(s) for commercialisation’.

Project Processes and Outcomes
Millie’s project in 2021–22 focused on textile upcycling; she worked independently and autonomously throughout the project. On the other hand, Theo’s project in 2022–23 had glass, plastic and wood upcycling and he worked with varied external partners from the University of Botswana (Industrial Design and Technology) and Chako Zanzibar – a sustainable product design and production social enterprise-based on upcycling (https://chakozanzibar.com/). The following sub-sections explain each project’s processes and key outcomes.

Textile Upcycling Project by Millie

The first upcycling task in the project for Millie was to produce some upcycled products for the DMU Made Christmas Fair 2021. Millie used old bedding to upcycle into the cushions and door sausages. She used cardboard cut-out templates from waste pizza boxes to make the template for the cushions. She also made stuffed animals using textile waste. Several textile upcycling products were created and made available for the DMU Made Christmas Fair 2021 (Figure 20.1). At the fair, only one stuffed animal and one door sausage were sold. However, since the publicity from the fair, Millie made three more sales and had two more orders through her online account for cushions in December 2021. She also had a few requests for cushions in the shape of letters as presents for people for Christmas. Millie created B cushions for the lady who wanted a present for her son named Ben (Figure 20.2). In her reflective journal, Millie stated:


If I did the DMU Christmas fair again, I would look at expanding the variety of my products. I really enjoyed the fair, but I did not sell very much, and the products that I did sell were more unique than the other things available at the fair. If I did it again, I would do more experimentation […] and look at adding more personalised branding to the products like a label to show that they have been recycled from something else.
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Figure 20.1 DMU Made Christmas Fair.
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Figure 20.2 Personalized/customized letter upcycled cushion.

The second upcycling task for Millie was to organize a hands-on upcycling workshop for the public in Leicester city centre in February 2022 as part of the launch event of the Beta X – Leicester-based design and sustainability hub for a pop-up programme of digital work, fashion, textiles, film, photography, carnival, makers, visual arts, demonstrations, workshops, talks, events and more. She ran two two-hour workshops on 19 February 2022. Each workshop had about 15 local community people as participants. Millie provided the participants with cardboard cut-out templates (new pattern cutting made by Mille), waste textiles, sewing machines, stuffing materials and other relevant tools to create stuffed whales. She taught the participants how to operate the sewing machines. All the participants seemed to be highly engaged and managed to create their own unique textile pattern whales (Figure 20.3). In her reflective journal, Mille mentioned:


Although it was a little stressful some of the time, I found it really gratifying watching my designs go into production, being created by other people and seeing the same excitement on their faces from the same product that I had first designed at midnight in my bedroom! I learned the value of accepting help from other people during the workshop. If I were to run the workshop again in the future, I would bring people to help me out with the workshop as it was difficult to control what was going on when multiple people got to a difficult stage of making the whale. […] Since the workshop, I have been approached [by someone] to do another upcycling or pyjamas workshop […] Even though I could not do this workshop [due to the time limit], it was still great feedback on the workshop to be asked back to put on another one. At some point in the future, I would love to put on more workshops and to spend time teaching other people how to design and upcycle animals and products.



Experimental Upcycling Project with Varied Materials by Theo

One of Theo’s upcycling tasks was to create high-quality furniture out of pallets with design and manufacturing processes that can be repeated in Botswana, targeting street vendors in Gaborone (the capital city). The initial idea came from the design academics working on another pallet upcycling project with students at the University of Botswana. Theo obtained a spare pallet from the industrial estate near De Montfort University. As the pallet was wet and dirty, Theo cleaned and dried it first. He generated some furniture ideas, including Russian stools, lounge chair, and folding garden chairs. During the first feedback meeting with the academics from the University of Botswana, the design direction was decided to be the lounge chair. Theo sanded and cut the pallets into pieces to build the structure/frame of the chair. Once the structure was created, he worked with a textile technical tutor to make tailored back and seat pads for the chair. He sprayed the chair frame (sky blue) and dyed the pads (black) to match the colour theme of the flag of Botswana (Figure 20.4). Theo also made an IKEA-style assembly/building instruction document for potential future reproduction (Figure 20.5).
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Figure 20.3 Upcycling workshop as part of Leicester Beta X.
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Figure 20.4 Pallet upcycling chair design and creation process.

One of the original plans was for Theo to deliver a short online guest lecture to the Industrial Design and Technology students at the University of Botswana if he created exceptionally high-quality reproducible furniture. However, the quality was deemed unsatisfactory by the client (the University of Botswana). Therefore, we dropped the idea. Despite the disappointing outcome from the perspective of the client, the student seemed to value this special learning opportunity, which is mostly evidenced in his reflective journal:


This was a brilliant opportunity for design work with a client, creating experience for consultancy-like work. I learned a great deal from this, though I felt there were some limitations. The main difficulty was communication. […] Another brilliant skill that was developed was trying to create understandable instructions for a layman to follow. I produced IKEA-like instructions, which helped me better understand my own process of design, as well as consider how the product could be made simpler for easier assembly.



Theo also worked with Chako Zanzibar in Tanzania – a social enterprise based on upcycling design and making (https://chakozanzibar.com/). Theo was asked to assist with creating new ideas related to Chako’s existing set of products. He experimented with different materials (e.g., cardboard boxes, glass bottles and plastic) for different purposes. Although none were usable for commercial purposes, they showed some interesting potential for future development, such as the weaving of different waste materials to create something. In his reflective journal, Theo stated:
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Figure 20.5 IKEA-style building/assembly instruction.


I was asked to assist with their new idea of producing hotel wristbands out of extruded plastic. This led me to learn how to sandblast glass, creating press cuts. The other project that was brought forward was to create a plastic woven lampshade. This was greatly out of my comfort zone with weaving, and I struggled to get the project off the ground. I made multiple prototypes but became frustrated and struggled to continue pursuing the ideas. […] I felt the project would have been more adequately suited to someone with more artistic and soft crafting skills. I am glad I had the experience as it has helped me to realize that weaving isn’t something that suits me.



Discussion and Conclusion
The outcomes of the two projects were mainly relevant to and significant for the student’s learning experience rather than creating a big commercial success or showcasing best practice. Therefore, these two projects achieved their original primary aim. The projects were meaningful extracurricular activities in design education in the higher education context not only to enhance the students’ employability but also to impart additional knowledge and skills related to upcycling and the circular economy to future designers who could potentially transform (or at least influence) our future industries. We also have learned lessons and gained insights from the projects. For example, from the rather unsuccessful Christmas fair and Millie’s reflection on it, similar future endeavours could aim to generate and produce a variety of unique upcycling products with more experimental approaches to design and creation. It would be better to have many one-off unique products if they are based on manual crafting and making and aimed at the Christmas fair. Branding and labels to indicate the original waste materials and the degree of sustainability may help the sales. Personalization or customization options could be provided to attract certain customers. Based on the relative success of public engagement in upcycling workshops, we can safely recommend that other academics engage students in creative art and design programmes for similar events. Despite the student’s satisfactory experience with the upcycling workshops (based on great engagement and positive feedback), it was still a stressful event due to the heavy workload. Similar hands-on practical upcycling workshops in the future anticipating 10 to 15 participants should have at least two people to assist the participants.

From the rather disappointing outcome of the pallet upcycling furniture project, we could see the limitations of the limited capacity and capability of the designer/maker. Similar future projects (targeting furniture or craft-based upcycling) should hire students who have a higher level of hands-on making and fabrication skills. It sounds obvious, but it was something we did not see at the beginning of the project, given our assumption that product design students have sufficient workshops and practical hands-on skills in general. Overall, however, we are glad that the student had a great learning opportunity. Inspired by Theo’s trial and error, we believe that there is some potential for future projects such as pallet upcycling for smaller-scale products with a high-quality finish which can be commercialized (e.g., toys, home decorations), a range of sustainable flat-pack products (outside furniture) with self-building/assembly instructions and weaving a number of flexible waste material products together to make a product (e.g., coasters).

After these two projects, we (Product Design at DMU) decided to use our students’ strengths for future Frontrunners Internship schemes (or any other extracurricular activities). Therefore, in future, we will probably focus on new product development or redesigning existing products as incremental innovation aiming for upcycle-ability or the circular economy, moving away from craft-based upcycling. We also strongly encourage other academics to use their own students’ strengths as the starting point to form or shape any extracurricular activities and to supervise and advise students based on their strengths. It would still be good to involve external partners as clients in the projects, preferably more local clients, so that it is relatively easy to get regular feedback on the processes and outcomes, and communication can be more efficient and effective. The best approach would be to make this a part of the CSR (Corporate Social Responsibility) activities of local companies/clients for improved sustainability for their existing products or services.

We academics usually report on success stories (or successful studies) but are often hesitant to report on unsuccessful cases, doubting their intellectual value. In fact, people can learn from both their successes and their failures (Ellis et al., 2014). We also learn from other people’s successes and failures. We believe that this chapter contains both reasonable successes and good failures from which there is much to learn and illustrates many useful do’s and don’ts. We hope that this chapter informs and inspires other academics in design education in higher education (or other educational settings) in their future planning for extracurricular activities focusing on sustainability.
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Chapter 21

Integrating Upcycling in the Industrial Design Programme as an Alternative APPROACH to Mitigate Environmental Challenges in Botswana

Thatayaone Mosepedi and Gerald Kennedy

Introduction
The growing concern for environmental sustainability has led to a renewed interest in alternative approaches to mitigate environmental challenges, particularly in developing countries. The suggested approach involves integrating upcycling into the industrial design programme to promote sustainable practices, stimulate innovation and reduce waste generation. Upcycling refers to the creative process of transforming waste materials or discarded products into new materials or products of higher quality, functionality, or environmental value. This concept has gained popularity in recent years due to the growing concern for environmental sustainability and the urgent need to mitigate the negative impacts of waste on the planet (Ghisellini et al., 2016). Despite the numerous benefits of upcycling, it has not received much attention from institutions of higher learning in Africa, particularly in the fields of design and manufacturing (Bennett, 2019). This chapter aims to investigate the potential of integrating upcycling into the industrial design programme in Botswana. This country faces numerous environmental challenges, such as waste management, deforestation and water scarcity (DEA, 2015).

The essence of this exploration lies in adopting a mixed-methods approach that seamlessly interweaves quantitative surveys and qualitative interviews to tap into the insights of educators, students, and industry professionals. By unearthing the multifaceted dimensions of integrating upcycling into industrial design education, this study aspires to illuminate the potential avenues through which environmental concerns can be addressed, innovative examples can be ignited and sustainable practices can be disseminated within the distinctive contours of Botswana’s environment. It is important that this research not only highlights the potential of upcycling but also identifies and addresses the challenges that may prevent its seamless integration into the curriculum. Key challenges include lack of awareness, inadequate infrastructure and financial constraints. Thus, the subsequent sections of this chapter delve into an exploration of the various dimensions, challenges, and recommendations concerning the integration of upcycling in the industrial design programme. The ensuing discussion explains the pivotal role of upcycling as an alternative approach to bolstering the nation’s sustainable trajectory, opening a new chapter in the intersection of industrial design and ecological stewardship.

Problem Statement

The concept of upcycling has gained considerable attention in recent years, as it offers a promising solution to waste management and environmental challenges. By turning waste materials into new, valuable products, upcycling can reduce the demand for raw materials, decrease greenhouse gas emissions and create job opportunities. Several studies have highlighted the benefits of integrating upcycling into industrial design education, including enhanced creativity, innovation and problem-solving skills (Baldwin et al., 2018; Chinda & Suri, 2020).

However, within the realm of industrial design education, the incorporation of upcycling remains an underexplored avenue. The lack of attention to upcycling in design curricula provides students with an incomplete narrative, one that avoids the pivotal role that upcycling could play in fostering sustainable practices and nurturing a culture of conscious design. As the tide of environmental consciousness sweeps across the global landscape, industrial design programmes have a profound opportunity to shape the next generation of designers as stewards of sustainability. This chapter aims to bridge this gap by investigating the potential of integrating upcycling into the industrial design programme in Botswana, thereby contributing to a richer understanding of the challenges, prospects and pathways for this transformative integration.

The environment of Botswana presents an intricate tapestry of challenges that necessitate innovative and adaptive solutions. The country grapples with the complicated interplay of waste management, deforestation and water scarcity (DEA, 2015). Against this backdrop, the exploration of upcycling becomes imperative. By delving into the feasibility of integrating upcycling within the industrial design curriculum, this study responds to the unique demands and aspirations of Botswana’s environmental narrative. The alignment of design innovation and ecological consciousness holds the potential to sculpt a sustainable industrial landscape that aligns with Botswana’s developmental goals.

Purpose of the Study

The research seeks to evaluate the effectiveness of incorporating upcycling principles in the Department of Industrial Design and Technology and assess the impact on students’ design projects. The purpose of this study is to explore the potential benefits of integrating upcycling into the industrial design programme in institutions of higher learning in Botswana (University of Botswana) and analyse the impact it could have on addressing environmental challenges in the country.

Literature Review
While the concept of upcycling has gained prominence in recent years as a promising approach to addressing environmental challenges, a closer examination of the literature reveals both its potential benefits and the gaps in its implementation within the field of industrial design education. Upcycling is also closely related to the concept of sustainability, which seeks to balance the needs of the present without compromising the ability of future generations to meet their needs (Brundtland, 1987). The practice of upcycling contributes to sustainability by minimizing waste, conserving resources, and promoting a circular economy (Andersen, 2007). The circular economy is an economic system that aims to eliminate waste and promote the continuous use of resources through closed-loop systems, ultimately reducing the environmental impact of production and consumption (Geissdoerfer et al., 2017). This transformation has implications beyond material reuse; it extends to enhancing resource efficiency, promoting creative problem-solving, and fostering a shift towards more responsible production and consumption patterns.

A significant number of products that have reached the end of their lifetime in Africa become waste, which may lead to environmental degradation (Hoornweg & Bhada-Tata, 2012). Although the benefits of upcycling in product design are evident, there is very little research to validate it (Bennett, 2019). Meanwhile, the available research in the area is aligned with the textile and fashion industry (Fletcher, 2014). Upcycling can help minimize the products’ effects on the planet, ranging from reducing strain on valuable resources such as minerals and fossil fuels to reducing the hazardous waste produced when new products are manufactured (Ghisellini et al., 2016). Its implementation in industrial design education faces several challenges, such as lack of awareness, inadequate infrastructure and limited funding (Chinda & Suri, 2020). Moreover, there is a scarcity of research on the integration of upcycling in the industrial design programme in developing countries, particularly in Africa.

In the context of Botswana, the industrial design programme is still in its infancy; there is a pressing need to incorporate sustainable practices into the curriculum to address the country’s environmental challenges. Upcycling, as an alternative approach, can contribute to the development of a sustainable, eco-friendly industry in Botswana by promoting circular economy principles, such as waste prevention, resource efficiency and closed-loop production.

The literature review underscores the potential of upcycling as a sustainable approach within industrial design education. While existing research highlights the environmental benefits and potential innovation that upcycling can bring, the scarcity of studies focusing on its implementation in African contexts, particularly in industrial design education, points to an unexplored research niche. This study aims to bridge this gap by investigating the potential of integrating upcycling practices into the industrial design programme in Botswana, contributing to both the body of knowledge and the practical application of upcycling principles within a unique context.

Research Method
The study followed an exploratory sequential mixed-methods approach, combining both qualitative and quantitative data to ensure a comprehensive understanding of the research problem (Creswell & Creswell, 2018). The sequential engagement with qualitative interviews and quantitative surveys ensures that both the depth and breadth of insights are unearthed. This methodological synergy allows for a comprehensive examination of the potential benefits, challenges and prospects associated with the integration of upcycling into the industrial design programme.

Participants and Sampling

The participants for the qualitative phase (Phase 1) of the study were selected using purposive sampling, which involved selecting participants based on their expertise, experience or knowledge of upcycling and industrial design (Palinkas et al., 2015). The target population included industrial design educators, students and practitioners, as well as representatives from environmental organizations and relevant government departments in Botswana. A total of 15 participants were interviewed, ensuring diversity in perspectives and experiences, culminating in a nuanced understanding of the potential of upcycling within industrial design education.

The target population for the quantitative phase (Phase 2) of the study were students enrolled in industrial design programmes in institutions of higher learning in Botswana. A stratified random sampling technique was employed to ensure the sample was representative of the target population. The strata were determined by the level of study (undergraduate level 300 and 200, respectively). This stratification ensures that the sample is representative of the student body, offering an holistic view of attitudes, knowledge and perceptions across different stages of education. A total of 41 students were selected to participate in the survey, with a response rate of 68.3 per cent (n=28).

Phase 1 Qualitative Data Collection and Analysis

Semi-structured interviews and focus group discussions were employed as data collection methods for the qualitative phase. These methods were chosen for their capacity to delve into participants’ perspectives, experiences and insights, providing a rich tapestry of qualitative data. The semi-structured nature of the interviews and discussions allowed for flexibility, enabling participants to elaborate on their viewpoints and share unique insights. Each interview and focus-group discussion was conducted using a pre-determined interview guide, which contained open-ended questions related to the research objectives (Creswell & Creswell, 2018) that invited participants to reflect on their perceptions of upcycling, its potential benefits, challenges and the feasibility of integrating it into the industrial design curriculum. This ensures consistency and comparability across interviews and discussions. Throughout the data collection process, the emphasis was placed on establishing rapport with participants and fostering an open and candid dialogue. Ethical considerations were paramount, with participants’ consent obtained before the initiation of data collection. The interviews were audio-recorded to capture participants’ responses accurately and transcribed verbatim to ensure accurate data representation to facilitate the subsequent analysis.

Thematic analysis was employed to analyse the qualitative data collected from the interviews and focus group discussions. This approach involved identifying and categorizing patterns or themes within the data (Braun & Clarke, 2006). The analysis followed a structured yet iterative approach, beginning with familiarization of the data, followed by generating initial codes, identification of emerging themes, reviewing themes, defining and naming themes, and producing a final report. The thematic analysis yielded insights into participants’ perceptions of upcycling, its potential advantages, challenges and the strategies deemed necessary for its effective integration into the industrial design curriculum.

Phase 2 Quantitative Data Collection and Analysis

A self-administered questionnaire survey was used to collect quantitative data. The questionnaire consisted of four sections: (i) demographic information, (ii) knowledge and awareness of upcycling, (iii) attitudes towards upcycling in industrial design, and (iv) perceived barriers and facilitators to integrating upcycling in the curriculum. The questionnaire was distributed online using a secure digital platform and was completed anonymously by the participants. Throughout the quantitative data collection phase, careful attention was given to the clarity of the questions, the representativeness of the sample and the ethical considerations of data collection from all participants.

Descriptive statistics, such as frequencies, percentages, means, and standard deviations, were calculated to summarize the demographic information and responses to the questionnaire. Analysis of variance (ANOVA) was used to investigate relationships between variables and to compare means between groups (Field, 2013). All statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS) software version 28, which serves as the analytical engine, enabling systematic and rigorous analyses of the quantitative data. The data analysis process adheres to robust statistical principles, ensuring the reliability and validity of the interpretations drawn from the dataset.

Findings
Qualitative Findings

The thematic analysis of the qualitative data revealed four major themes: (i) the benefits of integrating upcycling in the industrial design programme, (ii) challenges in implementing upcycling, (iii) strategies for successful integration of upcycling, and (iv) the role of stakeholders in promoting upcycling in industrial design education. The first theme, ‘benefits of integrating upcycling in the industrial design programme’, underscored the perceived advantages of incorporating upcycling principles into industrial design education. Participants identified a range of benefits, including enhanced creativity, innovative problem-solving skills and a heightened understanding of sustainable practices. The capacity of upcycling to instil a sense of purpose and environmental stewardship in students was a recurrent theme. The second theme, ‘challenges in implementing upcycling’, uncovered the potential barriers that cast shadows over the seamless integration of upcycling into the curriculum. Lack of awareness, limited resources and inadequate infrastructure emerged as significant impediments. Participants also highlighted challenges related to the assessment and evaluation of upcycling projects within the existing educational framework.

The third theme, ‘strategies for successful integration of upcycling’, delves into the pragmatic approaches that can foster the effective integration of upcycling into the industrial design programme. Capacity building for educators, interdisciplinary collaborations, and the establishment of dedicated workshops were advocated as strategies to navigate the challenges. Participants also underscored the importance of community engagement and the involvement of external stakeholders. The fourth theme, ‘the role of stakeholders in promoting upcycling in industrial design education’, elucidates the pivotal roles that different actors play in promoting upcycling within the context of industrial design education. Government agencies, environmental organizations, industry partners and academia were identified as critical stakeholders that could facilitate the integration process. The significance of collaborative efforts and cross-sector partnerships emerged as a key insight.

Quantitative Results

The survey results indicated that most of the students (91.9%) were aware of upcycling and its potential benefits. However, there was a significant knowledge gap in terms of practical implementation and integration in the curriculum. Positive attitudes towards upcycling in industrial design were reported (83.9%), with students expressing interest in learning more about upcycling techniques and practices (87.3%). Perceived barriers included lack of resources (22%), limited knowledge among educators (41%), and inadequate infrastructure (37%). Conversely, facilitators encompassed training and capacity building for educators (53%), increased awareness campaigns (38%), and support from relevant stakeholders (32%). These quantitative findings align with the qualitative insights, reinforcing the need for targeted interventions to overcome challenges and leverage opportunities.

Discussion
The findings of this study resonate at the intersection of sustainability, design education and the industrial landscape. The integration of upcycling principles into the industrial design programme holds the promise of catalysing multifaceted transformations, addressing environmental challenges, and fostering a culture of conscious creation. Upcycling can address the following:


	Environmental challenges: The potential of upcycling to address Botswana’s pressing environmental challenges cannot be overstated. The nation’s struggle with waste management, deforestation, and water scarcity necessitates innovative approaches that harmonize human activities with the natural world. The integration of upcycling emerges as a beacon of hope, offering a route towards waste reduction, resource conservation and the development of eco-innovations that alleviate environmental stressors.

	Fostering sustainable design practices: The symbiotic relationship between upcycling and sustainability is illuminated through the lens of industrial design. The marriage of design innovation and ecological consciousness ushers in a new era of design thinking – one that transcends mere aesthetics to embrace the principles of circularity, resource efficiency and waste reduction. The positive attitudes exhibited by students towards upcycling underscore the potential for this integration to not only shape their design projects but also cultivate a lasting commitment to sustainable design practices.

	Overcoming challenges through collaborative efforts: The challenges identified in this study, including lack of awareness, limited resources and inadequate infrastructure, resonate with broader narratives surrounding sustainable education and practice. However, these challenges are not insurmountable. The study’s insights on strategies for successful integration, such as capacity building, interdisciplinary collaboration, and stakeholder engagement, offer actionable pathways to navigate these hurdles. The role of stakeholders – government agencies, industry partners, academia, and environmental organizations – takes centre stage as catalysts for change.

	Pathways to a transformed industrial landscape: The integration of upcycling principles not only resonates within the confines of educational institutions but extends its tendrils into the broader industrial landscape. The study’s findings illuminate the role of government policies and regulations in nurturing a conducive ecosystem for upcycling. Supportive policies could pave the way for a transformed industrial sector that champions sustainable design, thereby redefining the contours of Botswana’s economic and ecological narrative.



Recommendations
The insights gleaned from this study culminate in a series of recommendations that collectively form a blueprint for harnessing the transformative potential of upcycling within the industrial design programme. These recommendations serve as guideposts for institutions, educators, policymakers, industry partners and students alike as they embark on a journey of sustainable innovation and conscious creation. Based on the study findings, the following recommendations are proposed.


	Curriculum development and revision: Institutions offering industrial design programmes should integrate upcycling concepts and practices across various courses, exposing students to the philosophy and applications of upcycling. This integration nurtures sustainable design mindsets.

	Educator capacity building: Conduct workshops and training sessions to equip educators with upcycling knowledge and pedagogical approaches, amplifying the impact of upcycling integration.

	Awareness campaigns and advocacy: Through workshops, raise awareness about the benefits of upcycling and encourage students to champion upcycling principles within and beyond academia.

	Collaborative partnerships: Forge partnerships with government agencies, industries, and community stakeholders to support upcycling workshops and student-led projects.

	Resource allocation and infrastructure: Allocate resources for workshops equipped with tools and materials for upcycling projects, highlighting the institution’s commitment to sustainable design practices.

	Research and exchange programmes: Establish international research and exchange programs to expose students to diverse upcycling practices and cross-cultural perspectives.

	Continuous assessment and evaluation: Establish mechanisms for tracking the effectiveness of upcycling initiatives, adapting strategies based on student feedback and industry needs.

	Platforms for knowledge sharing: Create online repositories and events dedicated to upcycling, fostering innovation, and sharing best practices.

	Advocacy for supportive policies: Advocate for policies promoting upcycling and sustainable design practices within the industrial sector.

	Ongoing reflection and adaptation: Encourage continuous improvement, flexibility, and responsiveness to emerging challenges in sustainable design education.



Limitations and Future Research
While this study provides valuable insights into the integration of upcycling within the industrial design programme, there are several limitations that need to be considered. These limitations could pave the way for future research that can deepen our understanding of the impact of upcycling on sustainable design education. The study’s narrow focus on one location and institution limits how broadly we can apply its findings. Future research should encompass diverse institutions and countries to offer a more comprehensive view. While the study looked at students and educators, other stakeholders, such as policymakers, industry partners, and community members, have crucial insights. Future research should include these voices for a more holistic understanding. There is a need to explore the lasting effects of upcycling education on students’ practices and mindsets. Longitudinal studies could reveal how it influences careers, sustainable design, and graduates’ contributions to sustainability. Going deeper into teaching methods and learning outcomes would clarify how best to integrate upcycling into design education. Analysing strategies across institutions and countries would help identify best practices and challenges, fostering cross-cultural collaborations in sustainable design education. Understanding industry expectations and perceptions of design graduates with upcycling expertise could inform collaborations between academia and industry. Emphasizing quantitative analyses could validate qualitative insights and offer statistical generalisability to findings. Exploring the ecological footprint of upcycled design projects could illustrate the tangible contributions of design graduates to environmental sustainability within the industrial design programme.

Conclusion
The integration of upcycling into the industrial design programme within the context of Botswana’s unique environmental challenges offers a promising pathway towards sustainable development and innovation. This study’s findings underscore the multifaceted potential of upcycling to transcend the boundaries of traditional design education and catalyse transformative change within the industrial landscape. The infusion of upcycling principles into the curriculum resonates as a transformative force capable of addressing the pressing environmental challenges faced by Botswana. The potential of upcycling to reconfigure waste into valuable resources aligns with the principles of the circular economy, offering a beacon of hope for waste reduction, conservation of resources and the minimization of environmental impact. This study’s insights into students’ attitudes and perceptions towards upcycling highlight the capacity of design education to shape sustainable mindsets. By immersing students in the ethos of upcycling, industrial design programmes can empower a new generation of designers who view creativity as harmonizing human creativity with ecological balance. The potential long-term impact of this transformation is profound, extending beyond classrooms to permeate the very fabric of industrial practices. The study’s emphasis on successful upcycling integration underscores the interconnectedness of stakeholders in the journey towards sustainable design. The roles of government agencies, environmental organizations, industry partners, and academia converge to weave a tapestry of possibilities. As participants noted, these collaborative efforts can shape policy frameworks, provide necessary resources, and amplify the reach of upcycling initiatives.

As the study draws to a close, it offers a series of recommendations that emerge from the nuanced insights gathered from participants in both qualitative discussions and quantitative surveys. These recommendations, ranging from curriculum development to advocacy efforts, provide a roadmap for institutions, educators, policymakers, and practitioners to embark on a transformative journey that integrates upcycling into the very fabric of industrial design education and practice. In conclusion, the integration of upcycling principles in the industrial design programme heralds the dawn of a new era – one that bridges design creativity with environmental stewardship and economic resilience. As Botswana navigates its path towards sustainable development, the marriage of upcycling and design education emerges as a beacon of hope. This path not only promises to reshape industrial landscapes but also fosters a harmonious coexistence between human innovation and the natural world.
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Conclusion

Opportunities and Action Needed

Richie Moalosi and Kyungeun Sung

This concluding chapter is based on the thematic areas that emerged from the chapters that the authors submitted. These include fashion and textiles, engineering and the built environment, design and business, people and the community and design education.

Upcycling in Fashion and Textiles
The journey of upcycling in fashion and textiles has been both transformative and revolutionary, redefining how the industry approaches sustainability, creativity and consumer engagement. As we conclude this exploration into the world of upcycled fashion, it is essential to reflect on the key themes, achievements and future directions that will continue to shape this dynamic field. Upcycling has fundamentally altered the perception of waste in the fashion industry. By viewing discarded materials as valuable resources rather than refuse, designers have unlocked a new realm of creative possibilities (Cassar, 2024). This shift in mindset has led to innovative design practices that prioritize resource efficiency and environmental stewardship. The success of upcycled fashion demonstrates that sustainability and style are not mutually exclusive but can coexist harmoniously.

One of the most significant contributions of upcycling is its positive environmental impact. By diverting textile waste from landfill and reducing the demand for virgin materials, upcycling helps mitigate the fashion industry’s substantial ecological footprint. The reduction in greenhouse gas emissions, water consumption and chemical usage associated with upcycled products underscores the critical role this practice plays in promoting a more sustainable and responsible industry (Bhatt, 2020). Upcycling also offers promising economic and social benefits. It creates opportunities for local artisans, small businesses and marginalized communities to participate in the fashion industry. In some unusual cases, fashion upcycling could also become a medium for transforming people’s negative experiences into empowerment (stitched refugee stories in Chapter 3). By fostering a culture of craftsmanship and supporting ethical labour practices, upcycling contributes to a more inclusive and equitable fashion landscape (e.g., Kenyan fashion designers’ practice in Chapter 2 and fashion upcycling practices in Harare, Zimbabwe in Chapter 4). Moreover, the unique nature of upcycled products, often characterized by limited editions and one-of-a-kind pieces, appeals to consumers seeking authenticity and individuality in their fashion choices. In addition, the fashion upcycling design that incorporates ‘emotional design’ (Chapter 1) might have a higher chance of attracting more consumers.

The rise of upcycling has been accompanied by a growing consumer awareness of the environmental and social impacts of their purchasing decisions. As consumers become more conscious of the sustainability credentials of the products they buy, there is an increasing demand for transparency and accountability from fashion brands and designers. This shift in consumer behaviour drives the industry toward more sustainable practices, encouraging brands to adopt upcycling and other eco-friendly initiatives. A report published in 2020 by McKinsey & Company (2020) indicates that 67 per cent of consumers consider sustainable materials when making purchases in the fashion sector, while 63 per cent prioritize brands that exhibit a commitment to environmental responsibility. This evolution in consumer behaviour is compelling brands to adopt upcycling practices to satisfy the increasing demand for eco-friendly products. Perhaps an accessible mobile app to make clothing sustainable (Chapter 5) could be offered by major fashion companies in the future.

Despite its many benefits, upcycling in fashion and textiles faces several challenges. Scalability, quality control, cost, consumer perception and the availability of suitable materials are significant hurdles that need to be addressed. Upcycled products typically necessitate a greater investment of labour and time, rendering them more costly than items produced through mass manufacturing. However, as advancements in technology occur and consumer demand continues to rise, it is anticipated that these challenges will gradually be mitigated (Henninger et al., 2016). These challenges also present opportunities for innovation. Advances in technology, such as automated sorting systems, digital fabrication, 3D printing and AI-driven material sorting, hold the potential to overcome these barriers and enhance the efficiency and viability of upcycling practices. Researchers are also exploring chemical recycling methods to break down blended fabrics into reusable fibres, which could revolutionize upcycling practices (Ellen MacArthur Foundation, 2021).

Collaborations among fashion brands, textile manufacturers and waste management firms are driving innovation in the field of upcycling. Industry-wide initiatives and partnerships can drive systemic change and create a supportive ecosystem for upcycled fashion. For example, brands such as Patagonia and Eileen Fisher have established partnerships with textile recycling firms to develop upcycled collections (Fletcher, 2014). These collaborations are crucial for enhancing upcycling initiatives and fostering a more sustainable circular fashion system. Policy interventions, such as extended producer responsibility and incentives for sustainable practices, can further promote the adoption of upcycling and other circular economy principles. Designers should strive to embrace the core principles of sustainable fashion, including: (i) supply chain transparency, (ii) ethical labour practices for production/manufacturing workers, (iii) collaborative consumption, (iv) circularity, recycling and upcycling and (v) production methods with a minimal impact on the environment (Bardon, 2024). Education and advocacy are critical components in advancing sustainability within the fashion industry (ibid.). Institutions such as the London College of Fashion and Parsons School of Design are integrating upcycling into their academic programmes, thereby equipping the forthcoming generation of designers with the skills necessary to develop sustainable fashion practices (Fletcher and Tham, 2015). As designers in the fashion sector become more knowledgeable and aware of sustainability challenges, they are better positioned to effect meaningful change.

Upcycling in Engineering and the Built Environment
Upcycling in engineering and the built environment represents a fundamental shift in the perception and use of waste materials and is increasingly recognized as a sustainable practice within these sectors. Rather than being discarded, materials are seen as valuable resources that can be repurposed and reintegrated into new projects, reducing waste and improving cost-effectiveness (e.g., upcycling carbon-fibre reinforced polymer matrix composites in Chapter 6 and unlocking the value from coffee waste in Chapter 9). The construction industry contributes significantly to global waste, accounting for about 30 per cent of all waste worldwide (World Bank, 2018), where upcycling could be a viable solution (integrating upcycling into urban infrastructure and the built environment in Chapter 8). For instance, reclaimed materials such as steel, concrete and wood are being reused in new building projects (Adams et al., 2017). Economically, upcycling can lead to significant cost savings in material procurement and waste disposal while also stimulating new markets for recycled and upcycled materials (e.g., upcycling waste solar photovoltaic panels in Chapter 7). Recent advancements in materials science and engineering are paving the way for the development of innovative upcycled materials. Researchers are investigating the use of recycled plastic waste to create lightweight and durable construction materials, including bricks, tiles and insulation panels (Hopewell et al., 2009). Furthermore, 3D printing technology is being employed to manufacture upcycled building components, providing enhanced precision and customization while simultaneously reducing material waste (Ford and Despeisse, 2016). Upcycling contributes to the resilience and adaptability of buildings and infrastructure. By incorporating reclaimed materials, structures can be designed to be more adaptable to changing needs and conditions. This flexibility is crucial in the face of climate change, urbanization and other dynamic factors impacting the built environment. Upcycled materials often possess unique characteristics that can enhance the durability and aesthetic value of projects, further supporting long-term resilience. Urban environments are progressively integrating upcycled materials into infrastructure projects. For instance, reclaimed asphalt pavement is utilized in road construction, while upcycled shipping containers are being transformed into modular housing and commercial spaces (Cheng et al., 2020). These approaches not only minimize waste but also enhance the aesthetic and functional diversity of urban landscapes.

Despite its significant potential, upcycling within the fields of engineering and the built environment has encountered several challenges, including scalability, cost considerations and regulatory obstacles. For instance, the processing of upcycled materials may prove to be labour-intensive and more costly compared to traditional materials. However, it is anticipated that advancements in technology and the realization of economies of scale will mitigate these challenges over time (Ghisellini et al., 2016). Innovations in material science, digital fabrication and design software are making it easier to identify, process and integrate reclaimed materials into new projects. These technologies also enable more precise and efficient construction practices, enhancing the feasibility and attractiveness of upcycling as a mainstream approach. Policy and regulatory frameworks are essential in promoting and supporting upcycling initiatives. Governments and regulatory bodies can implement incentives, standards and guidelines that encourage the use of upcycled materials in construction and engineering projects. Extended producer responsibility programmes, green building certifications and circular economy policies are examples of mechanisms that can drive the adoption of upcycling practices. Governments and international organizations increasingly acknowledge the significance of upcycling in the pursuit of sustainability objectives. For example, the European Union’s Circular Economy Action Plan advocates for the integration of recycled and upcycled materials in construction and infrastructure initiatives (European Commission, 2020). Likewise, the United Nations Sustainable Development Goals (SDGs) underscore the necessity for sustainable urban environments and communities, thereby promoting the implementation of upcycling practices (United Nations, 2015).

Upcycling in Design and Business
The practice of upcycling in design and business has emerged as a revolutionary approach that intertwines sustainability, creativity and economic viability. Upcycling redefines the concept of value in both design and business; instead of discarding products that have reached the end of their initial life cycle, upcycling leverages these to create new products/materials of higher quality or value than the original (e.g., furniture, lighting and bags made through upcycling in Chapter 10 and designing with waste in Hong Kong in Chapter 12). Upcycling promotes the advancement of sustainable business models that emphasize resource efficiency and the reduction of waste, whether organic (Chapter 13) or residual waste (e.g., recyclables, non-recyclables and hazardous waste). Organizations are incorporating upcycling into their operations to address consumer demand for environmentally friendly products and to align with their corporate social responsibility objectives. A notable example is Patagonia’s ‘Worn Wear’ programme, which focuses on repairing and upcycling used clothing, thereby extending the lifecycle of its products and mitigating environmental impact (Patagonia, 2021). In a similar vein, start-ups such as Rothy’s, manufacture shoes and bags from recycled plastic bottles, effectively demonstrating the profitability associated with upcycled products (Rothy’s, 2023).

Upcycling presents numerous economic opportunities for businesses. It opens new markets and revenue streams by creating unique, value-added products that appeal to environmentally conscious consumers. Companies that embrace upcycling can differentiate themselves in the marketplace, fostering brand loyalty and attracting a growing segment of eco-conscious customers. Consumer preferences are increasingly shifting toward sustainable and ethical products, resulting in a burgeoning market for upcycled goods. According to a 2021 report by Nielsen (2021), 66 per cent of global consumers expressed a willingness to pay a premium for products offered by sustainable brands. This trend is motivating businesses to implement upcycling practices as a means of differentiation and to better cater to environmentally conscious consumers. Moreover, upcycling encourages innovation, pushing designers and businesses to think creatively about material usage and product design. For businesses, upcycling offers a powerful way to enhance brand identity and build stronger connections with consumers. By adopting sustainable practices and creating upcycled products, companies can communicate their commitment to environmental stewardship and social responsibility. This resonates with consumers who prioritize sustainability, leading to increased brand loyalty and customer engagement. Designers are harnessing the power of upcycling to produce unique, high-quality products that merge sustainability with creativity. For instance, Dutch designer Piet Hein Eek is acclaimed for his furniture crafted from reclaimed wood and scrap materials, highlighting the aesthetic possibilities of upcycling (Eek, 2023). Furthermore, advancements in digital design tools and 3D printing are empowering designers to explore innovative applications of upcycled materials (Ford and Despeisse, 2016).

Upcycling businesses foster community involvement and support local economies. By sourcing materials locally and involving communities in the upcycling process, businesses can create jobs, develop skills and promote economic growth. Upcycling projects often engage local artisans and craftsmen, preserving traditional skills and promoting cultural heritage. Despite its many advantages, upcycling businesses face challenges such as low consumer awareness, time-consuming processes, lack of facilities/equipment, difficulties in sourcing consistent, high-quality materials and legal issues (Chapter 11). However, these challenges present opportunities for innovation and collaboration. The future of upcycling in design and business depends on collaborative networks that connect designers, manufacturers and waste management systems. Platforms such as the Ellen MacArthur Foundation’s Circular Design Network promote collaboration and knowledge-sharing to enhance upcycling initiatives (Ellen MacArthur Foundation, 2021). Advances in technology, such as improved material processing techniques and digital design tools, can help overcome these barriers. Additionally, education and awareness campaigns can shift consumer perceptions, highlighting the benefits and desirability of upcycled products. Supportive policies and regulations are crucial for the growth of upcycling in design and business. Governments and regulatory bodies can encourage upcycling through incentives, tax breaks and grants for businesses adopting sustainable practices. Implementing standards and certifications for upcycled products can also boost consumer confidence and promote market acceptance.

Upcycling on People and the Community
The practice of upcycling has brought about significant changes in communities worldwide, fostering environmental stewardship, economic resilience and social cohesion (see examples of community participation projects in Thailand in Chapter 15 and community empowerment project in Zimbabwe in Chapter 17). Upcycling has empowered individuals and communities by turning waste into resources and fostering a culture of creativity and self-reliance (see the good practice in Brazil in Chapter 16). The object of upcycling can also be extended to people: both unemployed and retired people can be upcycled into useful labour in society (Chapter 14). Upcycling promotes a sense of agency and empowerment, allowing individuals to contribute meaningfully to their communities and the environment. Upcycling initiatives serve to empower marginalized communities by providing avenues for skill development, employment and entrepreneurship. For example, organizations such as Trashy Bags in Ghana employ local workers to convert plastic waste into bags and accessories, thereby generating jobs and addressing environmental pollution (Trashy Bags, 2023). These initiatives not only address waste management challenges but also foster social inclusion and strengthen economic resilience. By supporting local upcycling initiatives, communities can develop more resilient economies that are less dependent on external resources.

Community upcycling promotes environmental education and awareness, motivating individuals and communities to embrace sustainable practices. An increasing number of schools and community centres are integrating upcycling workshops into their curricula, thereby instructing participants on the creative repurposing of waste materials. These initiatives foster a culture of sustainability and resourcefulness, particularly among younger generations (UNESCO, 2017). The initiatives also often bring together diverse groups of people, encouraging collaboration and shared purpose. These projects can strengthen community bonds, promote inclusivity and foster a sense of belonging. By working together on upcycling initiatives, community members can build stronger, more connected communities. Community upcycling plays a significant role in preserving cultural heritage by integrating traditional crafts and materials into contemporary designs. For instance, artisans in India upcycle saris and various textiles to create new products, effectively blending cultural traditions with modern sustainability practices (Fletcher and Tham, 2015). This combination of heritage and innovation not only fosters cultural pride but also encourages creative advancement. By embracing upcycling, we can create communities that are not only more sustainable but also more vibrant and resilient. The future of upcycling for individuals and the community is encouraging and its ongoing development will be essential in promoting a more sustainable and inclusive world.

Upcycling on Design Education
The integration of upcycling into design education has ushered in a life-changing era of sustainability, creativity and innovation, shaping the next generation of designers who are equipped to address global sustainability challenges (e.g., the case of the University of Botswana in Chapters 18 and 21). This practice encourages students and educators to rethink the lifecycle of materials and to view waste as an opportunity for creative expression and problem-solving. Upcycling is increasingly being integrated into design curricula and has redefined design education by incorporating sustainability and circularity as a core principle. For example, several institutions, including the University of Botswana, the University of Cincinnati, the Royal College of Art and Colgate University have established programmes that focus on sustainable design practices and circular economy, particularly upcycling (Fletcher and Tham, 2015). These educational initiatives underscore the significance of resource efficiency, waste minimization and ethical production methods. By challenging students to create value from discarded materials, upcycling pushes the boundaries of traditional design thinking. Students learn to experiment with unconventional materials, develop novel solutions and embrace the aesthetic and functional potential of upcycled products (see examples in Chapters 19 and 20). This creative approach not only enhances their design skills but also instils a mindset of resourcefulness and adaptability. This education empowers them to become advocates for sustainability in their professional careers. Upcycling serves as a bridge between theoretical knowledge and practical application in design education. Students engage in hands-on projects that require them to apply theoretical concepts to real-world challenges. This experiential learning approach enhances their soft skills, such as problem-solving skills, critical thinking and the ability to work with diverse materials. By working on upcycling projects, students develop a practical understanding of sustainable design principles that can be applied in their future careers. In addition, students from different disciplines can work together on upcycling projects, combining their expertise to develop comprehensive solutions. This collaborative approach fosters a deeper understanding of the interconnectedness of design, sustainability and other fields, preparing students to work effectively in diverse, multidisciplinary teams.

Introducing upcycling into design education, despite its importance in addressing pressing environmental issues, comes with its own set of challenges, such as limited access to suitable materials, variability in material quality and the need for specialized tools and knowledge. However, these challenges also present opportunities for partnerships and collaborations with industry to source diverse materials, incorporate new technologies and provide practical experience for students. For example, partnerships with organizations such as Patagonia and IKEA enable students to undertake upcycling projects that address genuine waste streams and consumer needs (Ellen MacArthur Foundation, 2021). These collaborations effectively bridge the gap between academia and industry, equipping students for careers in sustainable design. Supportive policies and institutional frameworks are crucial for the successful integration of upcycling into design education. Educational institutions can promote upcycling through dedicated programmes, funding for sustainable projects and partnerships with industry and community organizations. By embedding upcycling into their sustainability strategies, institutions can create an enabling environment for students to engage in meaningful and impactful design work.

Summary
In Upcycling Research: Global Perspectives on Product, Fashion and Theory, we have explored the multifaceted impact of upcycling across various sectors. This comprehensive exploration underscores the transformative potential of upcycling in fostering sustainability, creativity and economic resilience. From fashion to design education, upcycling challenges traditional paradigms, turning waste into valuable resources and inspiring innovation. It promotes environmental stewardship, empowers communities and prepares future generations for a more sustainable and equitable world. As we conclude this book, it is evident that upcycling is not merely a trend or façade, but a powerful and sustainable movement – one that reimagines how we engage with resources and design our surroundings, ultimately shaping a more sustainable future across all areas of society.

This book offers several calls to action, especially to policymakers, educators, industry leaders and consumers, all of whom have roles to play in advancing the upcycling movement. Policies that support sustainable practices, educational initiatives that raise awareness of the benefits of upcycling and consumer choices that prioritize upcycled products can collectively drive meaningful change. By embracing upcycling, we can not only reduce waste and conserve resources but also promote a more sustainable and equitable world. The journey of upcycling is one of continual learning and adaptation. As we move forward, we must remain committed to the principles of sustainability, creativity and community that underpin this transformative movement.
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Table 4.1 Profile of expert interviewees

Gender Age Exp* Edu Company profile/position
Participant 1-PI ~ F 32years 4years  1stDegree Brand owner, fashion house
Participant 2-P2  F 34 years 6years  1stDegree Brand owner, fashion house
Participant 3-P3  F 42 years 15years Masters Brand owner, fashion house
Participant4-P4 M 35years 8years  1stDegree Brand owner, fashion house
Participant 5-P5  F 40 years 13 years HND Brand owner, fashion house
Participant 6-P6 M 32years 4years  Diploma Designer, clothing company
Participant 7-P7 M 36 years 10years Diploma Production manager, clothing
company
Participant8-P8§ M 33 years 7years  Diploma Production manager, clothing
company
Participant9-P9  F 36 years 10years 1stDegree Brand manager, clothing
company
Participant 10-P10 F 39 years 6 years Ist Degree  Designer, clothing company

*Exp — Experience in area, Edu — Highest educational qualification, HND - Higher National Diploma
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Table 6.1 List of factors influencing management of carbon-fibre reinforced polymer matrix composite upcycling using PESTEL-SWOT analysis

Category Factor Trends and Implication Impact Scale
type
POLITICAL Strong R&D focus for In the US, the Carbon Fibre Recycling Act administers the aerospace and automotive industries to provide carbon fibre + 5
increased government  recycling projects and accredited $10M for R&D (U.S Senate Committee on Energy & Natural Resources, 2015).
support for In the UK, £16M of government funding has been used to set up the National Composite Centre to support research
carbon-fibre reuse and innovation.
Climate Change Levy ~ The heavy landfill tax discourages the use of CFRP landfilling because the rates increase every year (Rybicka et al., 2016). + 5
‘Waste Treatment Policy ~ EU legislation limits environmental waste impacts and creates resource efficiency by promoting the use of waste as a + 4
resource (Witik et al., 2013).
In the UK, improved reuse of end-of-life CFRP resources reduces landfilling activities (CIWM, 1999).
Promoting product Role of lobbying from influential organizations. + 5
acceptability Adequate government policy instruments encourage/promote competition to the point that upcycled goods can be
sold along with those produced using virgin raw materials (Matielli Rodrigues et al., 2014).
ECONOMIC Production cost ‘The necessary material and equipment costs in operations remain relatively constant across the economies of leading + 4
manufacturing sites (Das, 2011; Das et al., 2016).
Value generation ‘The critical value obtained from upcycling CFRPs supports cutting back, reducing the high recovery costs of recycled + 4
CFRP, and manufacturing virgin fibres (Li et al., 2016).
Waste disposal fee Upcycling CFRP eliminates landfilling, hence zero waste disposal fees; this transforms expensive practice into a + 5
elimination profitable, renewable material (Pimenta and Pinho, 2011).
Disposal of the CERP through landfilling (if legal) costs approximately £0.20 per kg. Upcycling could avoid this cost,
thereby creating a profitable reusable material (Sapuan, 2017).
Setting of corporate goals  In the UK, a commercial company recycling carbon fibres has set out an ambitious plan to produce 6,500 tonnes of + 4
fibre-recovered materials before 2021 (Holmes, 2018).
Lack of established market Different recycling methods are made available to each industry, as recycling carbon fibres is a topical theme. However, ® 4
the greatest challenge of upcycling carbon fibres is setting up a market for the composite trade (Holmes, 2018).
SOCIAL Job creation ‘The local communities will have opportunities to work on manufacturing grounds during building and project life + 5
operations and maintenance.
Public endorsement The collaboration of different organizations will make the projects more credible, leading to more people approving + 4
CERP upcycling.
Social responsibility The community benefits overall from reduced waste going to landfills through the recovery and reuse of CFRPs + 4

(Sapuan, 2017).
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Lack of reliable public facilities for identification and collection of end-of-life components for upcycling.

As part of retired aircraft schemes, airline operators (or their business segments) are more focused on scrapping retired
aircraft at a low cost, with little or no consideration of any recycling/upcycling option (Carberry, 2008).

In the past 20 years, more effort has been made in glass fibre research; carbon fibre composite recycling/upcycling is
still in its infancy (Karuppannan et al., 2020).

‘The industrial application of the solvolysis process requires an expensive reactor that can withstand elevated temperatures,
pressure, and corrosion (Kritzer, 2004). Methods that thermochemically break down cross-linked matrix material
involve a more intricate process, thereby increasing the processing costs (Li et al., 2016).

To date, the use of carbon fibres is heavily dominated by the manufacturing and transport sectors which provides huge
potential for other sectors to join and gain expertise (Composites in Manufacturing, 2016).

The demand for virgin carbon fibre often exceeds the supply capacity, thus increasing the potential for upcycling
carbon fibres into innovative structures (Pimenta & Pinho, 2011).

Typically, an energy requirement of 111.88 MJ/kg is needed to produce 1kg of virgin composite material. In contrast,
only a tenth of that energy is required to obtain the same weight for a recycled composite material (Jensen &
Skelton, 2018).

The cumulated carbon-fibre wastes expected by 2030 due to EoL (aircraft and wind turbines) is projected to be 100,000
tons annually, which is beyond the handling scope of the current available CFRP recycling industries
(Karuppannan et al., 2020).

‘The greenhouse gas emissions produced by virgin fibre production are ten times higher than those produced by
traditional metals. Recovering carbon fibre from CFRP wastes essentially helps to compensate for the production
impacts (Li et al., 2016).

Upcycling innovation can replace conventional chemical recycling methods, which use strong acids or solvents under
different conditions and pose extreme environmental impact potentials (Karuppannan et al., 2020).

In the EU, a 70% minimum weight requirement of non-hazardous and demolition waste shall be opted for reuse,
recycling, or material recovery (European Commission, 2008).
Requires (as of 1 Jan 2015) 85% of manufactured cars to be reused or recycled (European Council, 2000).

Appropriate legislation is lacking that compels aircraft owners/manufacturers to recycle their end-of-life aircraft
components (Lefeuvre et al., 2017).

Note: Impact intensity scale: 1 = Very low, 2 = Low, 3 = Moderate, 4 = High,

= Very high
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Table 10.4 Upcycling projects categorical data summary

Factors Categorical values Seating Small Lighting Bags Total
tables cases
Waste source type  Post-consumer 4 = 1 2 7
Industrial - 1 2 1 4
Commercial/Institutional 1 4 2 3 10
Waste uniformity ~ High 2 3 2 3 10
Medium 3 2 3 2 10
Low - - - - -
Waste incidence Sporadic - 1 - 1 2
Periodic 1 1 - - 2
Regular 4 3 3 4 14
Constant 2 B 2
Production strategy * Periodic batches 1 3 5 5 14
Batch to order only 1 - - - 1
Batch + made to order 2 - - - 2
components
Made-to-order only 1 2 - - 3
Custom batch to order 1 - - 3 4
option
Custom made-to-order 2 1 1 - 4
option
Production High 2 3 1 2 7
complexity Medium 3 2 1 1 8
Low - - 3 2 5
Number of followers < 1,000 1 3 1 - 5
1,000 to 3,000 3 1 = - 4
3,000 to 10,000 1 - 2 3 6
10,000 + = 2 1 2 5
Staff size* 1 2 1 2 - 5
2to9 2 2 2 2 8
10-49 1 2 —- 2 5
50+ 1 1 1 3
Years in business* 5 to 10 3 4 - 10
10 + 3 1 5 11

* One of the projects involved two companies, so the company-related data sample totals 21 instead of 20
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Challenge 1: Limitations from the materials (e.g. inconsistency,
damage)

Description: could be inconsistency and variety in type, size, colour,
Ql patterns and other design elements, damage and labels.

Challenge 4: Consumers’ low
awareness of upcycling

Challenge 2: Lack of
facilities/equipment

Challenge 3: Time-consuming
processes

Description: Consumer’s general
lack of interest, awareness or
understanding of upcycling.

Description: Lack of suitable
production facilities and/or
equipment

Description: Time-consuming
processes, especially for
deconstruction and handcrafting

Challenge 5: Consumers' negative
perception of upcycled products

Q5

Challenge 6: Limited legislations,
Description: Consumers’ negative standards and warranty

perceptions of and attitudes towards - .
upcycled products, such as bad finishing, Description: Inadequacy, complexity
reduced durability, potential product and inconsistency in current

failure and low cost-effectiveness, for legislation, standards and warranty.

hippies.
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Table 11.2 SSIM for global success factors

Exploratory/Confirmative

01 02 03 04 O5 O6

O1. Improved material provision VX X/IX XX X/X XX

O2. Targeting high-opportunity product categories X/X  X/X X/X A/X

O3. Suitable technologies, techniques, and innovation in X/ X A/X A/X
production

O4. Varied stakeholder involvement X/X  X/X

O5. Involving citizens in upcycling initiatives/events X/X

O6. Awareness-raising activities
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Table 11.1 SSIM for global challenges

Exploratory/Confirmative

Ccl C2 C3 C4 C5 (0]

C1. Limitations from the materials X/A  X/V A/A A/X  X/X

C2. Lack of facilities/equipment X/V. A/O X/0  X/A

C3. Time-consuming processes X/0 v/vV. X/O

C4. Consumers low awareness of upcycling XV XX

C5. Consumers’ negative perception of upcycled X/X
products

C6. Limited legislation, standards, and warranty
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Table 11.4 RM for global success factors

Exploratory/Confirmative

O1 02 03 04 O5 06 Driving

power
O1. Improved material provision 1/1 V2 RS V2 R VA U VA N VA | 6/6
O2. Targeting high-opportunity product 0/1 /1 /1 11 11 0/1 4/6
categories
O3. Suitable technologies, techniques, and 1/1 1/1 1/1 1/1  0/1 0/1 4/6
innovation in production
O4. Varied stakeholder involvement 1/1 V5 RS V5 R VA U VA R VA | 6/6
O5. Involving citizens in upcycling 1/1 V5 S V5 R VA U VA R VA | 6/6
initiatives/events
O6. Awareness-raising activities 1/1 1/1 71 171 11 11 6/6

Dependence 5/6 6/6  6/6 6/6 5/6 4/6 32/36
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Table 11.3 RM for global challenges

Exploratory/Confirmative

Cl1 C2 C3 C4 C5 C6  Driving
power
C1. Limitations from the materials 1/1 1/0 1/1 0/0 0/1 1/1 4/4
C2. Lack of facilities/equipment 1/1 1/1 1/1 0/0 /0  1/1 5/4
C3. Time-consuming processes 1/1 1/1 1/1 1/0 1/1 1/0 6/4
C4. Consumers’ low awareness of 171 1/0 1/0 1/1 1/1 1/1 6/4
upcycling
C5. Consumers’ negative perception  1/1 1/0 0/1 1/0 1/1 1/1 5/4
of upcycled products
C6. Limited legislation, standards, 1/1 1/1 1/0 1/1 1/1 1/1 6/5
and warranty
Dependence 6/6 6/3 5/4 4/2 5/5  6/5 32/25
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Table 11.5 RM into levels for global challenges

Reachability Antecedent Intersection
Challenge set set intersect set Level

Iteration 1

C1. Limitations from the Ex* Cl2.386 C1,2,34,5,6 C1,2,3,6 1
materials Con C1,3,5,6 Cl1,2,3,4,5,6 C1,3,5,6 1=

C2. Lack of facilities/ Ex C2,1,3,5,6 C2,1,3,4,5,6 C2,1,3,5,6 1¢
equipment Con C2,1,3,6 C2,3,6 C2,3,6

C3. Time-consuming Ex C3,1,2,4,5,6 C3,1,2,4,6 C3,1,2,4,6
processes Con G3,1.2,5 C3,1,2,5 C3,1,25 1t

C4. Consumers’ low Ex C4,1,2,3,5,6 C4,3,5,6 C4,3,5,6
awareness of Con C4,1,5,6 C4,6 C4,6
upcycling

C5. Consumers’ negative  Ex C5,1,2,4,6 C5,2,3,4,6 C5,2,4,6
perception of Con C5,1,3,6 C5,1,3,4,6 C5,1,3,6 1t
upcycled products

C6. Limited legislation, Ex C6,1,2,3,4,5 C6,1,2,3,4,5 C6,1,2,3,4,5 1¢
standards, and Con C6,1,2,4,5 C6,1,2,4,5 C6,1,2,4,5 1
warranty

Iteration 2

C2. Lack of facilities/ Con a2 C2 C2 ond
equipment

C3. Time-consuming Ex C34,5 C34 C3,4
processes

C4. Consumers’ low Ex C4,1,5 C4,3,5 C4,5
awareness of Con C4 C4 C4 2pd
upcycling

C5. Consumers’ negative  Ex C5,4 C5,3,4 C5,4 2nd
perception of
upcycled products

Iteration 3

C3. Time-consuming Ex C3,4 C3,4 C3,4 3d
processes

C4. Consumers’ low Ex C4,1 C4,3 C4
awareness of
upcycling

* Ex is exploratory workshop results; Con is confirmative workshop results
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Table 11.6 RM into levels for global success tactors

Reachability Antecedent  Intersection
Challenge set set intersect set Level

Iteration 1

O1. Improved material ~ Ex 01,2,3,4,5,6 01,3,4,5,6 01,3,4,5,6
provision Con 01,2,3,4,5,6 01,2,3,4,5,6 01,2,3,4,5,6 1%

02. Targeting Ex 02,34,5 02,1,3,4,5,6 02,3,4,5 1t
high-opportunity Con 02,1,3,4,5,6 02,1,3, 4,5,6 02,1,3,4,5,6 1%
product categories

03. Suitable Ex 03,1,2,4 03,1,2,4,5,6 03,1,2,4 1=t
technologies, Con 03,1,2,4,5,6 03,1,2,4,5,6 03,1,2,4,5,6 I+

techniques, and
innovation in

production
O4. Varied stakeholder Ex 04,1,2,3,5,6 04,1,2,3,5,6 04,1,2,3,5,6 I#
involvement Con 04,1,2,3,5,6 04,1,2,3,5,6 04,1,2,3,5,6 1t
O5. Involving citizens in Ex 05,1,2,3,4,6 05,2,4,6 05,2,4
upcycling initiatives/ Con 05,1,2,3,4,6 05,1,2,3,4,6 05,1,2,3,4,6 1t
events
06. Awareness-raising ~ Ex 06,1,2,3,4,5 06,1,4,5 06,1,4,5
activities Con 06,1,2,3,4,5 06,1,2,3,4,5 06,1,2,3,4,5 1

Iteration 2

O1. Improved material ~ Ex 01,56 01,5,6 01,5,6 2nd
provision

O5. Involving citizens in Ex 05,1,6 05,6 05,6 3d
upcycling initiatives/
events

O6. Awareness-raising ~ Ex 06,1,5 06,1,5 06,1,5 2nd

activities
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Upcycling - forming waste material into new products
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