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Abstract: The complex nature of materiality describes the modern era and raises several questions,
especially regarding sustainability. With the significant expansion of science and industry, the vari-
ety of materials available for designers is unlimited, and they are no longer forced to use materials
provided directly by nature. Therefore, artificial materials are becoming more popular, offering new
possibilities from a creative and innovative perspective. This introduces a new challenging context
for the jewellery design practice that should provide a positive and more sustainable approach. The
paper aims to define the future scenarios for sustainable materials for jewellery merging science and
design. Cutting-edge movements are experimentally operating on the intersections of varied fields,
occasionally deviating from conventional methods. Primarily, this article is intended to provide an
overview of the current advancements in sustainable materials, emphasizing the strengths and po-
tential benefits they could offer. Then, the paper investigates four scenarios as results of the inter-
section between science and design, highlighting the impact on the jewellery field. Four scenarios
will analyze the materials currently employed in different fields and their possible application in
future innovative tracks: Designing Sensibly; Reshaping Waste; Modeling Nature; Making in Lab.
Lastly, this paper shows how crucial it is for designers and companies to take a proactive role and
become an agent to extend access to sustainable solutions.

Keywords: sustainable materials 1; design 2; materials 3; recycling 4

1. Introduction

Historically, the need for a transition towards a more sustainable society emerged
from several environmental and social issues. In particular, the matter concerning the en-
vironment, namely the effects of production and consumption processes on the balance
of natural habitats, began to be recognized in the latter part of the 60s due to the rapid
expansion and spread of industrialization [1]. In the field of jewellery design, this era also
marked the beginning of a more conscious consideration of material sourcing and pro-
duction processes, laying the groundwork for today’s sustainability challenges in the in-
dustry. In this context, the role of design as a discipline is considered, and it is gaining
more attention, especially regarding the materials used in the design and manufacturing
process. “Design is the process by which abstract ideas assume concrete form and thus
become active agents in human affairs. One of the critical parameters in any discussion of
designed artifacts is material: what something is made of and how the material employed
affects the form, function, and perception of the final design [2].”

The jewelry industry, evolving since the Sixties, now faces the task of balancing tra-
ditional craftsmanship with the urgent need for sustainable practices.

Today, design plays an essential role in providing sustainable solutions. Sustainable
solutions aim for environmental, social and economic well-being with the perspective of
leaving future generations with a quality of life that is not inferior to the current one. The
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focus of designers, companies, and researchers is to transform unsustainable systems of
production and consumption by experimenting and innovating the variety of materials
offered. The discussion about sustainable materials grows more complex when consider-
ing resources with low environmental and social impact. The advent of new materials
generally is treated as one of the determining factors in the development of modern design
[2]. Also, the materials selection process in the design field should be included in a broader
context in which the life cycle of a product becomes a vital part. This approach is crucial
in jewelry design, where the life cycle analysis can help in selecting materials that are more
sustainable and ethically sourced.

In the Sixties, two primary notions were introduced. Firstly, the notion of life cycle
thinking: everything from product conception to the design of product life cycle stages
(i.e., all the activities needed to produce the materials and then the product, to distribute
it, to use it, and finally to dispose of it) is considered as a cohesive entity. Second, the idea
of purpose-oriented consideration from an environmental perspective (i.e., design and
evaluate a product’s eco-friendliness, starting from its function rather than from the tan-
gible product itself) [3].

From a sustainable design perspective, the concepts of life cycle thinking and func-
tional thinking are real challenges for the future of jewellery design. Exploring the jewel-
lery industry concerning sustainability is particularly interesting because it was and still
is the result of integration processes between different methodologies and spheres. It con-
tributes to providing a reinterpretation of the cultural changes that characterize the con-
temporary. Using different languages can produce narratives that attribute meaning to
the relationship between references, materials, technologies, products, and processes [4].
In today’s context, contaminations are increasingly daring to meet contemporary chal-
lenges and generate innovation, and the sectors involved are growing in number and re-
quire specialized skills. Border territories [5], aimed at the most daring research and ex-
perimentation, arise from the intersection and integration of highly heterogeneous and
specialized fields. It is precisely these exchanges that produce the sap for creativity and
innovation. Today’s designers, who are called upon to move in increasingly complex and
multi-layered contexts and to mediate between polarities, diversities, and contrasts, share
a propensity for a high degree of flexibility, which combines the contamination of
knowledge, as well as the need for practical experimentation and an evolved vision of
applied innovation [6] for sustainable scenarios. The aim of this paper is to trace these
sustainable scenarios by merging science and design and emphasizing the spin-offs that
these scenarios can have in the field of jewelry design.

2. Materials and Methods

The following part of the paper will describe the methodology used to define the
future scenarios for sustainable materials for jewellery merging science and design.
Through the identification of possible design directions, this paper intends to identify and
evaluate opportunities for applying new sustainable materials in the jewellery field.

The first step of the process is based on documentary research, data collection, case
studies, and good practices from the last five years (2019-2023), exploring different fields,
from architecture to textile, from medicine to automotive, from art to leather goods. The
documentary research is carried out on: magazines dedicated to innovation in design (i.e.
Designboom, Dezeen) through continuous consultation and the use of keywords; on
Google Scholar by setting the search parameters “from 2019”, “in any language” and “ar-
ticles of any type”, including patents; on Google News by selecting 2019 to today as the
time frame. The following search keywords were used for all searches: sustainability, ma-
terial, upcycle, recycling, design, architecture, medicine, design, fashion, green, innova-
tion, carbon footprint, circular economy, waste, respect for the environment. This starting
point give an overview of the state of the art in sustainability, especially considering the
existing sustainable materials used by different application sectors. Then, 40 case studies
from start-ups, design studios, researcher’s teams, and companies are identified and
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analyzed. The case studies are then selected for relevance and maturity status with the 99
aim to present in this article only the most significant projects that would avoid redun- 100
dancy of information. Case studies are then organized per scenario, assigning specific 101
keywords to each project identified and understanding the interconnection between them. 102
The scenarios are visualized through a coordinate plane, and they may be referred to 103
as ‘Design Orienting Scenarios’ [6] as they present promising innovations involving a set 104
of relevant case studies. This process, proposed by Jegou and Manzini, provides a frame- 105
work for the design and realization of new products and product-service systems and 106
helps approaching a complex situation with a large number of variables in a systematic, 107
precise, and organized way. The scenario-building methodology consists of a series of 108
processes to systematically explore potential reconfigurations of the state of the art of 109
products and services, which includes: collecting case studies; creating abscissae and or- 110
dinates in which the polarities have a connection with the research objective; dividing the 111
case studies within the quadrants obtained from the intersection of abscissae and ordi- 112
nates; and reconfiguring the meanings of the case studies into macro scenarios. 113
For the field of Sustainability for Jewellery, we find as a relevant and discriminating 114
element the contribution of design for sustainable practices (Design-driven/Invention- 115
driven) and the essence of the materials (Testing Nature/Creating in Lab). The coordinate 116
plane is created according to the polarities: 117

e  Along the x-axis the materials considered for their scientific qualities are shown: ma- 118
terials that come from the re-use of natural matter and materials created in the labor- 119
atory to avoid wasting natural resources. 120

e  The y-axis organizes case studies considered from a design point of view. Case stud- 121
ies that converge toward Design-Driven find their innovation in sustainability in their 122
design/user-oriented choices. Case studies that converge toward Invention-Driven are 123
those in which sustainability comes primarily from material-related choices. 124

The polarities show the different possible variations in the field of materials and sus- 125
tainability. 126
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Fieruire 1. Coordinate plane and case studies. Source: Authors. 128
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Lastly, the coordinate plane is used to map the selected case studies from different 129
sectors, leading to the definition of four scenarios. The organization of the coordinate 130
plane and case studies can be visualized in Figure 1. The x-axis presents Testing Nature 131
and Creating in Lab at the extremes that determine the origin of the materials, whether 132
natural or lab grown. On the y-axis polarities are Design-Driven on the top and Invention- 133
Driven on the bottom, where the discriminant is the drive for innovation. The four quad- 134
rants resulting from the intersection of x and y contain the case studies examined and 135
positioned depending on their characteristics. The disposition of each case study’s image 136
within the quadrants is not meaningful and hierarchical. 137

3. Results 138

This section of the paper presents the four different scenarios that emerged from the 139
coordinate plane research, and each of them opens the possibility of creating a new class 140
of materials. Starting from the common characteristics of the case studies within the four 141
quadrants illustrated in Figure 1, a title and a description were identified to effectively 142
shape the features of the scenario. It is important to highlight that these scenarios are not 143
to be considered as market trends, but rather as trajectories, at varying stages of develop- 144
ment, which can guide design practice in the jewellery field. 145

The four scenarios, as represented in Figure 2, are: 146
1. Designing Sensibly: materials that take into account the lifespan of the product and 147
the possibility of being recycled after the use; 148

2. Reshaping Waste: materials created from the disposal of waste coming from different 149
sectors; 150

3. Modeling Nature: materials originated from natural resources that can be upcycled 151
and produce new materials; 152

4. Making in Lab: materials created in laboratory starting from cells or polymers that 153
experiment new technologies and processes. 154

DESIGN-DRIVEN

DESIGNING SENSIBLY

INVENTION-DRIVEN

155

Figure 2. Sustainability for Jewellery scenarios. Source: Authors. 156
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In sustainable jewellery, many products, technologies, or techniques come from areas 157
seemingly distant from fashion. They only arise from the convergence of different disci- 158
plines and domains. Architecture, medicine, art, and automotive are few of the areas 159
where a majority of the advancements we observe are taking place. 160

In the following paragraphs, some examples are shown to highlight the general tra- 161
jectories and corresponding scenarios in design, science, and innovation. Many disciplines 162
are interconnected, and transversal research is carried out to generate new knowledge in 163
the materials design field. 164

3.1. Designing Sensibly scenario 165

The first scenario refers to the role of design in processes and the choice of a specific 166
material from a circular perspective. It highlights that the decisions made at the design 167
stage of a product influence its lifespan, including the possibility of being repaired or re- 168
cycled. 80% of a product's environmental impact is influenced by decisions made at the 169
design stage [7]. 170

In the context of a circular economy, designers need to consider regenerating nature, 171
reducing waste and pollution, and to let circulating products and materials. It is not just =~ 172
about choosing eco-friendly materials in the making of products. However, it is also about 173
building a project using minimal materials and avoiding additional and unnecessary ma- 174
terials. 175

Also, from a circular design perspective, it is essential that the actors, such as design- 176
ers and companies, er c01 rage users to reuse products and their materials. Materials can 177
be reused by upcycling, recycling and downcycling. Basically, upcycling means to raise 178
the quality of the material, recycling means to keep it on the same level and downcycling 179
means lowering the quality. 180

One of the case studies considered is the multi-use shopping bag called "Sustainable 181
Shopping Bag (SSB)" designed by Lim Sungmook in 2020 [8]. The Korean designer aimed 182
to create a lightweight shopping bag to replace disposal shopping bags. This would en- 183
courage customers to recycle and reuse them as often as possible. The mesh-structured 184
design can be used several times, and it was created using eco-friendly materials, 100% of 185
which can be recycled. The net structure developed by Sungmook uses minimal fabric, 186
and it was designed to be manufactured without any additional adhesives or additives. 187
In order to do that, the origami technique was studied and experimented. After adopting 188
the net structure, the designer tested the function and usability of the product and orga- 189
nized the net pattern algorithm to disperse the weight and create space effectively. Despite 190
its lightweight appearance, the mesh is strong enough to hold up to 7kg. The material 191
used for this design can be considered sustainable and offers an alternative to disposable 192
plastic shopping bags. 193

Moving to sustainable constructions, the leading target group for this case study is 194
the Indian population. The project is called "Toilet 01," [9] and the central concept of the 195
project regards sustainable modularity. In 2022, Amritsar native Ruhani Verma had the 196
idea to build India's first carbon-negative public toilet using environment-friendly bricks 197
made of 100% recycled or recyclable material and three times stronger than a traditional 198
red clay brick. Approximately 30% of the brick utilized in the toilet consists of a single- 199
use plastic and the remaining 70% comprises waste and silica dust. Every material used 200
in the structure is recyclable, and no cement mortar was used. Each toilet unit is built 201
using two SPB-made items, specifically 1000 flat planks and 150 Lego blocks. These blocks 202
are fully customizable and repurposable, thereby enhancing the efficiency of this eco- 203
friendly toilet as a conscious solution. The interesting aspect of this project concerns the 204
modularity and adaptability of individual elements. Designing kits and not finished prod- 205
ucts helps to extend the products' life and transform them as needed. 206

The last case study for the designing sensibly scenario refers to the fashion industry. 207
In 2021, Gucci launched a sustainable material called Demetra [10]. It is produced entirely 208
in Italy and integrates innovation and circular design pillars: production efficiency and 209
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using sustainable, animal-free, and renewable raw materials. After two years of research 210
and development, Demetra was able to combine durability and scalability. It contains at 211
least 70% plant-based and renewable raw materials such as viscose, wood pulp, and bio- 212
based polyurethane. The most important aspect of this project is that Demetra's waste will =~ 213
be reused to raise the quality, in line with Gucci's circular economy initiative, Gucci-Up, 214
focused on upcycling, through which Gucci recovers leather and fabric waste generated 215
in the production processes. In this project, sustainability is a concept that encompasses 216

circularity and inclusivity in a synergetic way. 217
218
ECO-FRIENDLY MATERIALS Utilizes 100% eco-friendly materials; by the use of matenials.
E’ REUSABLE DESIGN Designed for multiple uses; aligns with goals by ing single-use plastic waste.
2 MESH-STRUCTURED DESIGN Showcases innovative design thinking by incorporating origami techniques.
5 g § ADHESIVE-FREE MANUFACTURING Manufactured without the use of additional adhesives or additives; reduces environmental impact.
‘g g’ FUNCTION AND USABILITY The net pattern algorithm disperses weight effectively, ensuring practicality in everyday use.
m g (,g, STRENGTH AND DURABILITY Despite its lightweight appearance, the mesh structure is strong enough to support up to 7kg.
5 g £ SUSTAINABLE ALTERNATIVE Presents a sustainable option, offering an friendly ive to di plastic bags.
? 3 | BEHAVIORAL CHANGE to adopt practices by choosing a reusable and recyclable shopping bag.
Z CARBON-NEGATIVE INNOVATION C i to envir inability by actively reducing carbon emissions.
m SUSTAINABLE MODULARITY Allows for it iz and ing of individual elements, reducing waste.
w RECYCLED AND RECYCLABLE Reinforces the project’s it to a closed-loop system, ing circular economy principles.
INNOVATIVE SPB Incorporates 30% single-use plastic and 70% waste and silica dust, reducing environmental impact.
0 @ | STRENGTH AND DURABILITY SPB bricks are three times stronger than traditional red clay bricks; ensures structural integrity and fongevity.
Z E NO CEMENT MORTAR Reduces the environmental footprint by avoiding the energy-intensive production of cement.
— 35 E\, CUSTOMIZATION Enhances the efficiency of the toilet while allowing for creative adaptations and alterations as needed.
Z % & MODULARITY AND ADAPTABILITY Designing kits rather than finished products the ity and of individual elements.
Ez EXTENDED PRODUCT LIFE The focus on designing kits to ing the life of the products; supports a circular economy model.
UPCYCLING AND CIRCULAR DESIGN  Embraces upcycling as a key element of the material’s production process; adopls circular design principles.
PRODUCTION EFFICIENCY Integrates production efficiency as a pillar, izing resource optimization in the ing process.
RESPONSIBILITY Utilizes i al-free, and raw materials; aligns with ethical and environmental considerations.
HIGH QUALITY PERFORMANCES Demonstrates that sustainable materials can meet the performance standards of traditional materials.
%‘ g ECO-FRIENDLY Reduces reliance on non-renewable resources and fosters the use of eco-friendly alternatives.
§ (i WASTE RECYCLING AND REUSE Supports a closed-loop system; minimi impact of waste generated in the production processes.
& CIRCULAR ECONOMY INITIATIVE c to ty, integrating inability into the core of the brand’s practices.
219
Figure 3. “Designing Sensibly” Strengths and Potential Benefits. Source: Authors. 220
3.2. Reshaping Waste scenario 221

In the second scenario, the sustainable transition demonstrates the need for a 222
radical change in rethinking the design process and the materials used. There are 223
unlimited opportunities to create new materials, especially by producing materials with 224
a positive impact. Within this context, designers are considering materials made from 225
waste otherwise destined for disposal. 226

Recently, many designers have found interest in the enormous waste and the 227
possibility of creating something with a 100% biodegradable composition. Several projects 228
focus on how waste can be upcycled. Many sectors of applications are taken into 229
consideration, such as the food industry (garlic and orange peels), the industrial sector 230
(wind turbines, silicon, and polyurethane molds), the agriculture sector (discarded 231
landfills generated by shellfish farming and crop waste) and the ocean area (ocean-bound 232
plastic waste materials). Starting from the fashion industry, waste can be transformed into 233
fibers and yarns. 234

Since 2020, AltMat [11], an Alternative Materials Science company, has transformed 235
biomass from agriculture, food, medical, and industrial crops into natural fibers and 236
yarns. Therefore, they are creating innovative materials and experimenting with 237
regenerative technologies using natural cellulose fiber from upcycling disposal waste. 238
They offer an inclusive material with a circular life cycle that, unlike cotton, does not 239
require excessive water for its production. 240
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Another company working for the fashion and automotive industry is Arda
Biomaterials [12]. This company transforms waste feedstocks into smarter circular
biomaterials, starting from grain and creating a new material called New Grain™. The
company uses the amount of brewers' spent grain (BSG) widely available and typically
sold at a low price as animal feed. Instead of using it in the traditional way, Arda
Biomaterials is converting wheat into a sustainable, leather-alternative product.
Manufacturing New Grain™ requires using plastic-free ingredients, including materials
such as plant proteins, plant fibers, and non-toxic chemicals. Also, this experimentation
can potentially empower local supply chains, incentivizing them to produce New Grain™
wherever a brewery exists, creating a positive impact on a global scale.

Waste disposal offers many opportunities for sustainable design and innovative
materials, and designers often decide to take advantage of food waste disposal.

The Sacalho tote bag by designer Gui Giantini [13], a member of the Product and
Services Development Laboratory (LDPS) of the Faculty of Engineering at the University
of Porto, uses an entirely biodegradable composition, resourcing the waste of garlic peels
for its production. The aim of the project is to promote an alternative to the materials
currently on the market, which, although bio-based, still have a significant environmental
impact due to their cultivation and production processes. Considering, on one hand, the
adverse environmental effects caused by the textile sector and its production, and on the
other hand, the enormous amount of food waste produced each year in Portugal, this
project focused on creating a bio-textile from food waste. At first, the designer explored
the composition of various food residues. Afterwards, he conducted an attentive analysis
and evaluation to find physical properties similar to cotton and TNT fabrics, and garlic
peels were the most suitable.

Also, Victoria Lievre and Luc Fischer, founders of Repulp Design [14], decided to
work with food waste. Interested in the enormous amount of waste created by orange
peels discarded daily in bars, they decided to turn this food waste material into products.
The process involved drying the peels, pulp, and seeds before being ground into powder
and heated. The final product resulted in biodegradable coffee cups that can be recycled
or composted at the end of their lifecycle.

DIVERSE BIOMASS UTILIZATION Transforms biomass from agriculture, food, medicinal, and industrial crops, showcasing a versatile approach.
NATURAL FIBERS PRODUCTION Specializes in creating natural fibers and yams from transformed biomass, as alternatives in the textile industry.
INNOVATIVE MATERIAL Explores the potential of natural cellulose fiber from upcycled disposal waste, providing eco-friendly alternatives.
REGENERATIVE TECHNOLOGIES Dx a to adopting friendly practices in material production.
5 CIRCULAR LIFE CYCLE Offers materials with a circular life cycle, reducing waste and promoting the reuse of resources.
é UPCYCLING DISPOSAL WASTE the envir impact ié with waste disposal methods.
= WATER-EFFICIENT PRODUCTION AltMat’s biomaterials do not require water for ing concerns related to water scarcity.
TRANSFORMATION OF WASTE ing waste into circular in both the fashion and automotive industries.
F " DIVERSIFICATION OF WASTE By wheat into a leather product, the potential for diversifying waste feedstocks.
w g PLASTIC-FREE INGREDIENTS Use of plastic-free ingredients, including plant proteins, plant fibers, and non-toxic chemicals.
< . g EMPOWER LOCAL SUPPLY CHAINS Empower local supply chains, creating opportunities for production wherever a brewery exists.
§ i% SUSTAINABLE DESIGN PROMOTION Waste disposal as an opp for design, waste into eco-friendly materials.
; % é POTENTIAL FOR COLLABORATION Collaboration with breweries for the sourcing of brewers’ spent grain can create mutually beneficial partnerships.
F CIRCULAR ECONOMY PRINCIPLES Circular biomaterials, waste transformation, and promotes resource efficiency and waste reduction.
ENTIRELY BIODEGRADABLE Aligning with sustainability goals and reducing impact to
Z E’ ALTERNATIVE MATERIALS The project offers a sustainable alternative to conventional materials.
- K é BIO-TEXTILE FROM FOOD WASTE the dual of effects from the textile sector and the abundance of food waste.
m % (!5 EXPLORATION OF VARIOUS FOOD Explores a diverse range of food residues such as coffee grounds, wood ash, garlic, carrots, onions, potatoes...
< g 3 | CIRCULAR ECONOMY Repurposes food waste, reduces reliance on virgin materials, encourages a closed-loop approach to resource use.
I 12y COLLABORATION As a part of the Product and Services Development at the University of Porto, the project highlights the potential for
local between Jemic instit and desi fostering i ion it i practices.
E INNOVATIVE USE OF FOOD WASTE ing the signif amount of waste by orange peels in bars.
= :.!‘: END-OF-LIFE OPTIONS The biodegradable coffee cups from Repulp Design can be recycled or composted at the end of their lifecycle.
& - REDUCTION OF WASTE Not only repurposes waste but also reduces the overall environmental impact of the hospitality sector.
ézg CONSUMER-FRIENDLY OPTIONS Caters to for products and waste disposal behavior.
é : AWARENESS OF DAILY HABITS Commonly discarded materials like orange peels can be transformed into valuable, functional items.
&3 LOCALIZED SOLUTIONS and ities to address specific waste challenges.

Figure 4. “Reshaping Waste” Strengths and Potential Benefits. Source: Authors.
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274

3.3. Modeling Nature scenario 275

The Modeling Nature scenario is represented by materials that can be found and 276
sourced directly in nature. Natural materials such as wood, stone, wool, and cotton can 277
be used in interior design, architecture, construction, fashion, and food. They can boast 278
considerable advantages; for instance, they can be considered excellent insulators able to 279
make thermal barriers. Usually, natural materials are more expensive than synthetic ma- 280
terials, but they compensate for durability. Many natural materials are historically more 281
sustainable than others. Wood is considered a popular option for green and sustainable 282
choices because it is readily available and easily converted into many products. Wood can 283
also be made from recycled products, which can reduce deforestation and environmental 284
degradation. Therefore, it is preferable to use recycled natural materials to reduce the en- 285

vironmental impacts of the manufacturing of natural materials. 286
Some projects that aim to create more sustainable materials, starting from natural 287
resources, are experimenting with natural materials such as seashells or seaweeds. 288

The company Ostrea [15], a Breton start-up, transforms shell waste, creating eco- 289
friendly, aesthetic, durable, and low-carbon interior and exterior design materials. Its goal ~ 290
is to enhance this natural bio-mineral to create worktops, washbasin tops, furniture pan- 291
els, and coatings. The Ostrea innovative material is produced in France. It is composed of 292
35% mineral matrix and 65% shell flakes and is 100% recyclable. These flakes can be made 293
from mussels, oysters, or scallop shells. 294

Also interested in innovating natural materials, Carbonwave [16] provides a sustain- 295
able and regenerative platform for carbon-neutral and innovative manufacturing. Starting 296
from seaweed, they have created a range of products for agriculture, textiles, personal 297
care, and cosmetics through a cascading biorefinery model they developed. Their prod- 298
ucts help reduce emissions from fossil fuels and traditional plastics while minimizing 299
waste, and they overcome challenges from environmental stresses like heatwaves, 300
droughts, and soil exhaustion. Also, the company is creating a plant-based fabric that re- 301
lies on extracting structural polymers to form films stronger than the seaweed itself and 302
competitive with the strength of other vegan textiles without relying on polyurethane 303
plastic for structure and strength. Lastly, they experimented with innovative solutions 304
across the cosmetics and skin-care sectors. They have created SeaBalance Emulsifiers that 305
solve the issue related to the presence of harmful fossil fuel derivatives by utilizing an all- 306

natural process. 307
ENVIRONMENTALLY FRIENDLY Ostrea’s process transforms shell waste into eco-friendly interior and exterior design materials.
DURABLE CONSTRUCTION Long-lasting solutions for interior and exterior design applications, reducing the need for frequent replacements.
LOCAL PRODUCTION Promotes local manufacturing and reducing the impact with long-diste
= VALORIZATION OF BIO-MINERAL Valorize shell waste, adding value to what would otherwise be considered waste.
8
ﬁ COMPOSITION FOR SUSTAINABILITY 35% mineral matrix and 65% shell flakes, demonstrates a balance that enhances both durability and sustainability.
o
e RECYCLABILITY The material is 100% recyclable, by allowing for the reuse of resources in future applications.
SEAWEED-BASED PLATFORM A new seaweed platform for carbon-neutral, innovative manufacturing.
DIVERSE RANGE OF PRODUCTS Development of a diverse range of products for agriculture, textiles, personal care, and cosmetics, demonstrating
the versalility of seaweed-based materials.
CASCADING BIOREFINERY MODEL C employs a y model, the utilization of seaweed by extracting multiple
products across different industries, promoting efficiency and sustainability.
EMISSION REDUCTION AND WASTE Reducing emissions from fossil fuels and traditional plastics, while also minimizing waste through the utilization of
MINIMIZATION seaweed-derived materials.
RESILIENCE TO ENVIRONMENTAL The products by C: overcome s posed by stresses such as heatwa-
STRESSES ves, droughts, and soil exhaustion, providing solutions for sustainable agriculture.
KQ PLANT-BASED FABRIC INNOVATION A sustainable alternative to traditional textiles, avoiding the need for polyurethane plastic for structure and strength.
]
H REDUCED RELIANCE By creating a fabric without relying on plastic, C: concerns related to the envi-
S ON POLYURETHANE PLASTIC ental impact of plastic-based materials.
S HOLISTIC APPROACH Carbonwave’s initiatives demonstrate a holistic approach to sustainability, spanning multiple industries and addres-
: TO SUSTAINABILITY sing various 3 g to & more ec future.
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Figure 5. “Modeling Nature” Strengths and Potential Benefits. Source: Authors. 310

3.4. Making in Lab scenario 311

During the first part of the last century, synthetic materials have made considerable 312
scientific and technical progress to enable mass production of qualitatively superior prod- 313
ucts [17]. Today, designers are approaching synthetic biology to create new sustainable 314
materials. Starting from living cells and organisms and integrating material science con- 315
cepts, their goal is to redesign living systems as responsible materials with new function- 316
alities. In this emerging scenario, natural fibers are giving way to man-made, artificial 317
materials like polyester, acrylic, and nylon. These materials are more cost-effective and 318
simpler to produce on a large scale and easily create consistent hues, lengths, and 319
strengths of materials that can be tailored according to particular needs [18]. 320

The broad and exciting range of possible applications has substantial implications for 321
addressing grand challenges in health, biotechnology, and sustainability [19]. For in- 322
stance, genetic circuits can be implemented to produce chemicals and biopolymers (such 323
as DNA or proteins), produced either constitutively or in response to environmental cues, 324
which can then be used to engineer materials [19]. Some projects specifically focus on en- 325
vironmental issues, and designers are experimenting with turning natural resources into 326
innovative and more sustainable materials created in a laboratory. 327

The first case study tackles the issue of climate change, prompting designer Naama 328
Nicotra to use natural edible materials combined with agar, a primary ingredient derived 329
from algae, to create a range of decomposable food packaging. The food wrap series 330
named “NakedPak’ [20] delves into the idea of food dishes without any packaging. It 331
goes back to natural and sustainable traditional solutions that have been replaced by plas- 332
tic and paper packaging. Naama Nicotra started researching different materials that could 333
function as packaging material and be eaten with its contents to find a natural, soluble 334
bioplastic. Consequently, the NakedPak composition utilizes algae as the main ingredient 335
to create bioplastic packaging. The final material is transparent, flavorless, and can be 336
manufactured as a flat sheet or a 3D shape. Seasonings and sauces can be embedded in 337
the NakedPak organic material, thus producing flavored wrappings that dissolves in hot 338
water. Within NakedPak, the designer also addresses the issue of hygiene through the 339
” Apple Principle”. This principle entails that food should be washed before consumption, 340
similar to an apple sold in bulk, exposed to dirt, and transported in a sack. NakedPack 341
demonstrates how material exploration and experimental investigation can potentially 342
lead to a behavioral and mental shift, paving the way for a novel sustainable and innova- 343
tive path. In this instance, the project successfully addresses the problem of food packag- 344
ing waste. 345

Some alternative materials produce low carbon emissions throughout the production 346
process and supply chain. This is the case of Mycelium-based leather by MycoFutures 347
[21]. This innovative materials cleantech startup interconnects mycology, mushroom cul- 348
tivation, and the study of biomaterials to create sustainable materials options for the fash- 349
ion industry. Many companies from different sectors cultivate mycelium, the complex 350
root system of fungi because it grows and decomposes quickly, releasing carbon back into 351
the soil. MycoFutures aims to create products with the look and texture of skin while re- 352
ducing environmental impact. The three critical areas of the company’s technology are 353
strain selection (even in one fungal species, there are many strains with different charac- 354
teristics); growth parameters such as the substrate composition, environmental control, 355
growth container, and vertical farming systems (they allow for efficiency and automation 356
reducing energy consumption and carbon footprint); processing methods including halt- 357
ing the growth, stabilizing the raw material, dyeing and coating. 358

The Food field also suggests many ideas for materials created in the laboratory. Re- 359
cently, there has been much talk surrounding cultivated meat, especially after Upside 360
Foods and Good Meat received final U.S. Department of Agriculture (USDA) approval to 361
sell lab-grown meat for the first time in the U.S.. Lab-grown meat, or meatless meat, isa 362
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material produced in laboratories that can offer the same protein source without harming
the planet. The production of in-vitro meat does not require animal killing or farming.
Additionally, it carries a reduced environmental footprint, diminished health issues, and

is more cost-effective.

Furthermore, while perhaps not as widely discussed, cultivated — or lab-grown —
dairy could also be set to take off and could offer environmental benefits comparable to
cultured meat. Recently, lab-cultivated dairy is also beginning to get thrown into the mix
of animal-free options, which, if it gains traction, could potentially serve as an eco-friendly

alternative to conventional dairy.

NATURAL EDIBLE MATERIALS

Utilizes natural edible materials, including agar derived from algae, to create decomposable food packaging.

ING IN LAB

4. MA

ALTERNATIVES Promotes and friendly to plastic and paper packaging.
g BIODEGRADABLE Designed to reducing the impact of food waste.
% g VERSATILE MANUFACTURING The bioplastic packaging can be manufactured as a flat sheet or a 3D shape, providing versatility in packaging.
% g BEHAVIORAL AND MENTAL SHIFT Dx how material and ion can lead to a behavioral and mental shift.
é £ | WASTE REDUCTION Contributies to waste reduction.
# 2 | POTENTIAL FOR INDUSTRY Sets an example for the industry by showcasing a successful integration of natural, edible matenials into packaging.
LOW CARBON EMISSIONS Mycelium-based leather, produces low carbon emissions throughout the entire supply chain.
SCIENCES INTEGRATION mycology, ivation and research trough a holistic approach to sustainability.
* ;‘E-moos PRC ) methods, including halting the growth, stabilizing the raw material, dyeing, and
8 coaling, ensuring & well-rounded and sustainable approach to matenial development.
L‘% EFFICIENCY AND AUTOMATION Incorporates vertical farming systems for mycelium efficiency and
§, POTENTIAL FOR FASHION INDUSTRY  Emphasizes the potential for broader adoption of eco-friendly materials in the clothing and accessories industry.
z CIRCULAR ECONOMY USES a natural material that grows and decomposes quickly, contributing positively to the overall ecosystem.
= REDUCED ENVIRONMENTAL IMPACT Reduces the impact iated with animal farming, ing to efforts.
§ § ELIMINATION ANIMAL KILLING Eliminates the need for animal killing/farming, addressing ethical concerns associated with livestock agriculture.
g 3 ALTERNATIVE SOURCE A viable alternative protein source, providing consumers with an alternative option.
% .g DIMINISHED HEALTH ISSUES Dimi health issues to animal farming (antibiotics, hormones, and diseases).
G 3 | COST-EFFECTIVENESS More cost-effective, making b more ible to a broader market.
E E DIVERSIFICATION Diversification of animal-free options, catering to a growing demand for sustainable and ethical choices.

Figure 6. “Making in Lab” Strengths and Potential Benefits. Source: Authors.

4. Discussion

The four scenarios described above capture the current state of the art among sus-
tainable materials and outline trajectories for the future. How can they be applied to jew-
ellery if they seem highly distant?

In the dynamic field of jewellery design, innovative solutions often emerge from un-
expected sources. Take the zipper as an example. The zipper, invented in 1851, is a widely
used device to fasten fabric edges. Elias Howe patented the first automatic clothing clo-
sure in 1851. Whitcomb L. Judson later developed the slide fastener in 1893. Gideon Sun-
back redesigned it in 1913, and the term 'zipper' was coined in 1933 by B.F. Goodrich, who
used it on a rubber boot [22]. Then, zipper quickly spread to the clothing of American
sailors and soldiers and only later to children's clothing for its ease of use. It is clear that
the zipper, although it was a smart intuition, proved to be slow in industrialization and
application, and certainly at the beginning a product used for its practicality rather than
for its aesthetics. Nevertheless, it was adopted in the jewellery field in 1954. The Zip by
Van Cleef & Arpels is a masterful creation that transcends traditional boundaries. Like an
actual zipper, the necklace is equipped with a slider in the shape of a woven gold tassel
that allows it to be closed and thus transformed into a bracelet. Stealing the wardrobe of
sailors and aviators, the Zip is a best practice of innovation through cross-fertilization [23].

Similarly, the four scenarios described above can find possible and innovative appli-
cations in the jewellery sector.

The first scenario, “Design Sensibly,” promotes the importance of designing for sus-
tainable practices. It is essential, during the design phase, to find solutions that use as few
resources or as little waste as possible. This is not new in the jewellery world. An example
of this is filigree, which came back into fashion in the early 1800s due to a shortage of
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resources, and allowed various pieces of jewelry to be made with a limited amount of 399
gold. It is a design and technical choice that responds to the need for a conscious use of 400
materials. 401

To examine more current case studies, the Orchid by Studio Minale Maeda designed 402
for Chi Ha Paura...? is a 3D-printed orchid lapel pin that can be applied to a buttonhole 403
or clipped on any clothing item through its stem. The form of the flower is created each 404
time it is purchased and influenced by several factors such as location, earth quality, cli- 405
mate, time of year. If buyers are not satisfied with the result, they can wait for varied 406
circumstances to ‘grow’ a different orchid. Subsequently, the users receive only the 3D 407
file, which can be printed whenever they wish, and in the place most convenient for them. 408
Emerging technologies allow designers to actively involve end users online throughout 409
the design and manufacturing phases to produce items that best meets the consumers' 410
requirements in terms of wearability and aesthetics. At the same time, they are produced 411
on demand, thereby avoiding overproduction and waste [24]. This is just one of the pos- 412
sible applications and advantages that orbit around the broader field of Additive Manu- 413
facturing. As identified in the “Design Sensibly” scenario, all actions aimed at reducing 414
waste or shortening the supply chain - including on-demand manufacturing and modular 415
product development - represent a real direction that companies are moving towards and 416
that consumers recognize as added value. Furthermore, modular products play a role in 417
global sustainability because they offer the opportunity to mix and match components in 418
numerous ways and can thus better meet different customer needs. Modular jewellery 419
grants the wearer the ability to manipulate set components, combine and merge them, 420
and wear them in diverse styles. This is exemplified in Ma/>iihiliano Adami’s Precious 421
Molecules, a collection of divisible elements, assembled pa.., each constituting the es- 422
sence of the foundational aspects of the ornament as a whole. The units are designed to 423
be assembled as components of a set, as in the Drilling Lab Project which creates a pre- 424
cious alphabet re-envisioning the designs of industrial clamps. 425

The second scenario, “Reshaping Waste”, encourages creativity using circular ap- 426
proaches— remember that producing enough gold for a simple wedding ring wastes al- 427
most 20 tons of rock. Therefore, since 2006, ' 101 ique Péan has exclusively used reclaimed 428
gold and platinum. Additionally, the desig..{i's recycling efforts extend beyond metals, 429
to include the reuse of precious stones. She travels globally to source materials that bypass 430
industrial extraction. She ensures ethical practices collaborating with local craftsmen and 431
consulting researchers to evaluate the sustainability of her discoveries. Silver, gold, and 432
other metals are recycled from existing supplies, such as discarded electronics like televi- 433
sions, mobile phones, and computers, and offer a green alternative to the socially and 434
ecologically damaging methods of traditional mining. In this technological era, withrapid = 435
progress and planned obsolescence, vast quantities of electronic waste accumulate. 436

Moreover, since gold is a precious material worth repurposing, it facilitates the co- 437
recovery of numerous less-prized metals and ceramics. While some might argue reusing 438
gold is not a new concept given that the jewellery trade has been reusing metals since 439
craftsmen began forging gold and silver accessories roughly 5,000 years ago, and the 440
method of melting down gold and silver is a routine in the sector, this practice remains 441
highly noteworthy. The Camnana Brothers in their design practice give value to local ma- 442
terials that are often discar to safeguard the environmental heritage. For the Campa- 443
nas, materials, whether they are simple and understated or opulent, always pave the way 444
for their creative journey, which ranges from chairs to lights, from fashion accessories to 445
jewellery. Boras' Structure, for example, is a modular necklace made up of a set of leftover 446
leather parts, " ich the consumer can rearrange in multiple styles using magnets. Manu- 447
facturing waste typically bear irregularities that make each item unique and always subtly 448
flawed. 449

The third scenario, "Modeling Nature", proposes a reconnection with nature, which 450
has always inspired jewellery. Here, design could find its highest expression using mate- 451
rials of natural origin. Maria Carclli is a designer who makes bioplastics in her studio: 452
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materials made of renewable natural resources, primarily waste products such as fruit 453
skins, ashes, and fish scales, among others. According to a circular economy virtuous cir- 454
cle, the ingredients used in manufacturing are non-polluting, and at the end of their useful 455
life, they are 100% compostable, leaving no residue. Bioplastics reduce environmental pol- 456
lution. The benefits generated by replacing synthetic plastics with biodegradable ones are 457
reflected in the planet we will leave to future generations. Her jewellery collection, Ode 458
to Boys and Girls, is a series of happy pieces entirely made in bioplastics, like children's 459
spirits when the conditions for such an environment are given. 460
The fourth scenario, "Making in Lab", can concern the world of jewellery in two as- 461
pects: the use of sustainable materials that "imitate" traditional ones and also their use not 462
only in the jewelry product but in different phases, such as retail packaging. In light of 463
global sustainability, studies are focusing on the creation of environmentally friendly, 464
high-performance materials and on the optimization of production methods, to minimize 465
the use of resources and the introduction of harmful chemicals. The key to renewal is 466
rooted in cross-disciplinary exploration, resulting from the mixture of expertise, sectors, 467
and processes, where ethics, science, and aesthetics come together to create something 468
new but with a familiar form - as showcased by MycoFutures and in-vitro meat. Regard- 469
ing jewellery, lab-grown diamonds are among the prominent topics generating interestin 470
the sector. They are created in highly controlled laboratory environments using advanced 471
technological processes that reproduce the conditions under which diamonds naturally 472
develop when they form in the mantle beneath the Earth's crust. These labs created dia- 473
monds consisting of actual carbon atoms arranged in the characteristic diamond crystal = 474
structure. Since they are made of the same material as natural diamonds, they exhibit the 475
same optical and chemical properties. Consumers are attracted to them as they donotlead 476
to environmental degradation, and their production does not harm anyone. These are two 477
pivotal considerations aligning with the 'responsible sourcing' trend that is gaining trac- 478
tion, especially among Gen-Z consumers. Regarding packaging, some brands are already 479
moving in this direction, trying to use sustainable materials as much as possible in the 480
different stages of the supply chain. One example is Laura Elizabeth Jewellery: this com- 481
pany uses recycled materials to create its jewellery and is committed to minimizing its 482
carbon footprint using eco-friendly packaging and reducing waste in its production pro- 483
cesses, with all shipping and packaging made from recycled materials. 484
485

As the scenarios and examples just mentioned show, the contribution of designisto 486
intercept the changes taking place and provide sustainable responses. This means always 487
being in tune with what is happening around us. For example, starting from 2030, about 488
5,700 wind turbines made of carbon fibers will be dismantled each year in Europe alone, 489
in addition to those in addition to those currently placed in landfills. Recycling composites 490
is, therefore, becoming increasingly important and requires industrial choices and invest- 491
ment in research [25]. News that does not correlate with the jewellery world. However, 492
couldn’t it be a good opportunity? Couldn't it be the cue to think about limited edition 493
products made from these materials, valuable for the contribution they have made to the 494
environment and can continue to make? 495

5. Conclusions 496

Many questions on this topic still remain unanswered, but the paper aims to provide 497
a different perspective on finding opportunities in what already exists. As shown in Fig- 498
ure 7, this research identifies four future scenarios to set ourselves towards in the field of 499
jewellery design. The first, “Design Sensibly”, includes three directions: the possibility of 500
designing using as few resources as possible ("Litedesign”); design on request and involv- 501
ing the user who goes from consumer to prosumer (“Instadesign”); design through the 502
unit to facilitate the customization and adaptability of projects (“Snapdesign”). The sec- 503
ond scenario, “Reshaping Waste”, traces two directions: the recycling of materials tradi- 504
tionally used in jewellery - such as gold and gems for example (”Likely”); the reuse of 505
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unconventional materials (“Beyond”). The third scenario, “Modeling Nature”, involves
the use of materials of natural origin (“Nature-Crafted”) and 100% compostable (“Green-
Cycle”) and favors the use of local raw materials and characteristics of the territory (“Lo-
cal-Manufacturing”). Lastly, “Making in Lab” defines two paths: the creation of products
using laboratory-grown materials that simulate materials traditionally used in jewellery -
such as Lab-grown Diamonds (“White Lie”); the use of laboratory-grown materials in
packaging or products adopted at different stages of the supply chain (“Besides”).

DESIGN-DRIVEN

TESTING
NATURE

consumers.

- SNAPDESIGN

Modular design to facilitate customization
and adaptability.

MODELING NATURE

* NATURE-CRAFTED

Natural origin materials are used in the
products,

+ LOCAL-MANUFACTURING

Materials from the territory are used.

- GREEN-CYCLE

100% compostable materials.

DESIGNING SENSIBLY RESHAPING WASTE
* LITEDESIGN * LIKELY
Design with few resources. Traditional materials are recycled in the
product itself.
+ INSTADESIGN
Design on demand and / or involving + BEYOND

Non-conventional materials are upcycled
in the product itself.

CREATING
INLAB

MAKING IN LAB

* WHITE LIE

Products made with materials produced in
laboratory which simulate the characteri-
stics of the materials traditionally used in
the jewelery sector.

- BESIDES

Materials produced in laboratory are used
in the packaging or in products adopted in
different stages of the supply chain.

INVENTION-DRIVEN
Figure 6. Scenarios and micro-scenarios for Sustainable Jewellery. Source: Authors.

The paper also highlights the importance of considering a process of cross-fertiliza-
tion between different sectors and disciplines to create the most valuable innovations. As
designers and companies working with the goal of sustainability, we must take into ac-
count not only the origin and properties of the materials we want to use or create, but also
the processes to obtain or transform them.

At the same time, it is fundamental to highlight that the discussion about the prop-
erties of materials to be used should be kept open for future debates. There are therefore
important opportunities to explore, test, experiment and patent new sustainable materi-
als. Designers can lead this process, combining the technical and creative aspects of mate-
rials science to create more innovative and relevant products.

On one hand, it is very important to know the different offers of new sustainable
materials and the related technologies and production processes. On the other hand, how-
ever, it is also necessary to start educating people on sustainability. Sustainability training
is aimed at young students who will become the future experts of industries and compa-
nies which are the main players today. The central point of this scenario is sustainability
training. Design as a discipline should prepare people to use these new materials and
processes to take full advantage of what science and different sectors are experimenting
with. In conclusion, the role of education, carried out by universities and other education
systems, must create and share knowledge on sustainability among students and com-
pany actors to raise awareness. Importance should be given not only to materials but
above all to their uses.
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