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PREFACE
CHANGE AS THE DRIVER OF INNOVATION

Flaviano Celaschi

This volume brings together scientific contributions produced
by an articulated community of scholars in design and indus-
trial engineering, working within research organisations across
Italy, thus forming a genuine network of packaging experts. The
opportunity that enabled and funded this type of basic research
was the National Recovery and Resilience Plan (PNRR), with ref-
erence to the Extended Partnership PE11 working on Made in
Italy Circolare e Sostenibile (MICS), which activated eight research
spokes involving 25 public institutions and leading national en-
terprises. Among these, Alma Mater Studiorum — Universita di
Bologna has managed Spoke 1, dedicated to the topic of Digital
Advanced Design: technologies, processes, and tools. This Spoke
has been developed by a large and diverse research team that I
have had the pleasure and honour of coordinating scientifically.
Within the complex and multifaceted set of all the funded
research projects, FuturE-Pack is the only one that systemat-
ically addresses innovation in packaging, referring specifically
to goods distributed through e-commerce. We set ourselves the
goal of understanding how best to exploit digital technologies to
enhance the sustainability and circularity qualities of the pack-
aging system, especially for goods related to e-commerce, a par-
ticularly important field for the fashion sector. Erik Ciravegna
scientifically coordinated this project, which brought together a
significant share of the Italian design research community that
is currently working on packaging innovation. This is a task that
is particularly topical and even urgent, as it has been repeated-
ly and profoundly reshaped by the transformations that have
crossed all the productive sectors characterising Made in Italy.
Change is the first element that must be studied and synthe-
sised to construct simplified models of reality that can be useful
for suppliers and researchers, designers and marketing experts,
material specialists and intermediaries in the process, enabling
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them to interact in pursuit of the best possible outcome. In
this context and in this historical moment, priority has been
given to the theme of sustainability and circularity of produc-
tion along the entire chain of steps that characterise the cra-
dle-to-cradle packaging world. After all, these principles are, by
definition, highly systemic. Approaching innovation from these
two perspectives quickly brings into play many other strategic
issues, understood as actions capable of generating new value.

The first characteristic defining the effort made by this re-
search group concerns the theme of the horizontality of transfor-
mation. Change does not belong to any single scientific sector.
Its nature transcends the conventional divisions of knowledge
that structure organised academic research. In this case, the role
of the designer-researcher is to perform a task of mediation that
synthesises reality to construct models of it, useful for enabling
the participation of different disciplinary approaches in inno-
vation. This happens first in the initial stage of research when
signals and information arise from both vertical and horizontal
observation of change. Mediation occurs a second time when it
becomes necessary to transform the achieved progress into a
solution or a product/system. This double recourse to synthesis
makes the contribution of design decisive both in decrypting
the change underway and in providing responses to it.

What distinguishes research on packaging within Made in
Italy from that in all other sectors? We must dispel the idea
that what is conveyed as “Made in Italy” is in fact wholly and
purely the result of value generated within national borders.
The post-industrial production system is built using materi-
als and knowledge whose origin is not at all easy to ascertain.
Precisely in this sense, packaging assumes a particular impor-
tance, because it “wraps” and it “presents” a key result, tying
together the life upstream of the act of purchase with the more
probable life downstream, along with its desirable circular re-
cursiveness. When this act (packaging) accompanies a product
purchased through e-commerce, it becomes even more strategic
to materialise this junction between before and after, since the
producer has no opportunity for real contact with the market
served. Transparency throughout every act of product transfor-
mation and the possibility for every actor involved to enter the
packaging system actively and contribute to generating value
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have been the two main goals of the research. This junction has
therefore been the object of study, examined and unravelled in
the phase of contemporary change.

The volume begins with a thorough discussion of the system-
ic nature of the problem and the extensive insights that scientif-
ic literature is offering. It then explores the strategic change in-
fluencing the desired innovation, focuses on the measurements
and impacts that make urgent the need to design sustainable
solutions, and then turns to the modes enabled by digital and
enabling technologies, before addressing the specificities of the
e-commerce world. In each step, the collective character of the
contributions proves a rich internal dialogue within the Italian
design culture.

This volume, like others produced during the research effort
conducted by Spoke 1, provides evidence of the need to imagine
the industrial designer in an extended role compared to the tra-
ditional position at the upstream end of the supply chain. The
contemporary designer can achieve favourable results in terms
of sustainability and circularity if they oversee the process
broadly along the entire value chain they traverse. This endless
responsibility is a slogan that conveys the idea of the necessary
progressive evolution of the designer’s profile. The packaging
system, as shown in this volume, becomes an important means
of materialising this responsibility. Indeed, it is a flow of paral-
lel channels that takes the form of a broadcaster, where content
produced by various actors is collected and orchestrated, leaving
traceable and usable evidence for the subsequent steps of the
chain itself, up to total circularity.

For the commitment and collective work expressed by the
group coordinated by Erik Ciravegna, we are proud, as the Ad-
vanced Design Unit at Universita di Bologna, to include this con-
tribution within the Packaging Innovation Observatory, which
exemplifies our continuous study of a strategic sector that, in
the Emilia-Romagna region, hosts one of the most important
production clusters at an international level.
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INTRODUCTION
FUTURE-PACK: A COLLECTIVE RESEARCH JOURNEY
INTO SMART AND SUSTAINABLE PACKAGING DESIGN

Erik Ciravegna

Packaging is a complex artefact (CIRAVEGNA, 2010, 2017) that,
beyond its immediate function as an object of use, operates
as a powerful medium of communication. It conveys product
characteristics and brand values, as well as knowledge and in-
formation about the broader socio-technical systems in which it
is embedded. Packaging thus constitutes a mediating interface
and a key point of contact among actors across the supply chain,
and a fundamental bridge between producers and end users.
Over time, and particularly with digital transformation, pack-
aging has evolved into an intelligent, connected device capable
of tracking logistics flows, ensuring the integrity and safety of
goods, and potentially documenting the lifecycle and sustaina-
bility impacts of each product.

The convergence of global trends such as sustainability
and digitalisation (LICHTENTHALER, 2021; MARRONE & RAI-
MO, 2021), alongside the rapid expansion of e-commerce, is
profoundly reshaping the packaging sector. On the one hand,
increasing attention to the circular economy (EUROPEAN COM-
MISSION, 2020; KIRCHHERR et al., 2017), reinforced by stricter
regulatory frameworks such as the Packaging and Packaging
Waste Regulation (PPWR) (EUROPEAN PARLIAMENT AND COUN-
CIL OF THE EUROPEAN UNION, 2025), and growing consumer
awareness (BAR AM et al.,, 2023), is prompting companies to
reduce environmental impacts while creating new forms of
value (DE OLIVEIRA et al,, 2023). On the other hand, emerg-
ing technologies and digital platforms, as well as behavioural
shifts accelerated by the COVID-19 pandemic (O’'TOOLE et al.,
2020), are generating both challenges and opportunities for
more sustainable production and consumption models (MOGH-
RABI et al., 2023). In this context, new instruments such as the
Digital Product Passport (DPP), introduced under the Ecode-
sign for Sustainable Products Regulation (ESPR) (EUROPEAN
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COMMISSION, 2022), will play a crucial role in fostering trans-
parency, traceability, and circularity across value chains. These
transformations are not only technological but also cultural and
ethical, since they call for new responsibilities in design prac-
tice and require transitional approaches capable of aligning in-
novation with systemic objectives of sustainability and social
accountability (MANZINI, 2015; IRWIN, 2015). Smart packaging
is thus expected to become a strategic interface for aggregating
and communicating environmental, social, and economic data
throughout the product lifecycle, supported by systemic tools
such as Life Cycle Assessment (LCA), Life Cycle Costing (LCC),
and Social LCA (S-LCA) (INTERNATIONAL ORGANIZATION FOR
STANDARDIZATION, 2006a, 2006b, 2019, 2024).

The project FuturE-Pack - Digital Advanced Design for the
Enhancement of Packaging as a Broadcaster in the Made in Italy
Supply Chain® is situated at the intersection of these transfor-
mations. This research is conducted within the framework of
the Made in Italy Circolare e Sostenibile (MICS) Extended Part-
nership,? specifically within Spoke 1, dedicated to the topic of
Digital Advanced Design: technologies, processes and tools,?
and the thematic cluster Digital Design for Knowledge Sharing,
which focuses on developing digital tools to facilitate knowl-
edge gathering and information exchange, establishing innova-
tive methods of design, communication, and interconnection
among different actors to foster virtuous cycles within the in-
dustry (CELASCHI et al., 2025, p. 17a). Among the projects con-
ducted within this research strand, FuturE-Pack explores how
packaging can be reimagined as a broadcaster: an augmented
artefact capable of circulating information and values across
the Made in Italy supply chain. The fashion sector was selected
as a pilot context, with potential applications foreseen in other
areas of excellence. Conceived and carried out as a collabora-
tive effort among three Italian universities, the project brings
together research teams from the Advanced Design Unit at the
Department of Architecture of Alma Mater Studiorum - Univer-
sita di Bologna,* the Systemic Design Lab at the Department of
Architecture and Design of Politecnico di Torino,® and the Eco
Design Innovation Team at the Department of Industrial Engi-
neering of Universita degli Studi di Firenze.®

FuturE-Pack has resulted in an interactive digital platform
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and a project-oriented toolkit, conceived to assist companies and
designers in navigating the complexity of smart and sustainable
packaging. The platform functions as a knowledge-sharing and
decision-making infrastructure, enabling the collection, organ-
isation, and dissemination of data and strategies aligned with
circular objectives. Complementing it, the toolkit provides op-
erational resources for the design of packaging solutions that
integrate digital technologies, sustainability metrics, and val-
ue-based communication. The experimental phase played a cru-
cial role in validating and refining these solutions, allowing for
prototype testing, company feedback, and alignment with re-
al-world practices. Through this iterative and collaborative pro-
cess, the research team consolidated results and defined strat-
egies that are both technically viable and culturally appropriate
for the Made in Italy supply chain. Together, these tools enable
the recording and communication of product-related informa-
tion, such as environmental impacts, social values, and brand
narratives, by translating complex data into accessible and
meaningful formats. The dual aim is to foster transparent and
interoperable systems that promote safe, efficient, and tracea-
ble logistics, while also enhancing user experience through in-
clusive and reliable access to information.

This volume presents the theoretical, methodological, and ex-
perimental outcomes of FuturE-Pack, offering new perspectives
on packaging design in response to contemporary crises. It po-
sitions the design disciplines as strategic enablers of transition,
capable of addressing complex challenges through systemic ap-
proaches, data-informed processes, and an ethics of responsibili-
ty. Particular attention is paid to the ethical dimension of design
responsibilities, as well as to the evolving professional roles and
tools that enable more accountable innovation pathways. The
progression of chapters reflects this articulation: Chapter 1 ex-
amines packaging as a complex artefact in its functions, mean-
ings, and relationships; Chapter 2 situates Advanced Design
within packaging transitions, focusing on responsibilities, roles,
and tools; Chapter 3 investigates sustainability and circularity
through systemic and design-oriented approaches, also discuss-
ing the regulatory frameworks; Chapter 4 moves to impact as-
sessment, presenting methods and tools that integrate environ-
mental, economic, and social dimensions and emphasising how

13
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these metrics can inform design practice and decision-making;
Chapter 5 explores the field of smart packaging, offering a tax-
onomy of enabling technologies and highlighting their potential
applications; Chapter 6 presents a design experimentation devel-
oped in the Made in Italy fashion e-commerce ecosystem,; final-
ly, Chapter 7 illustrates the digital tools and interactive platform
created within the project to support companies and designers in
smart and sustainable packaging innovation. Across these con-
tributions, the volume foregrounds an advanced design approach
rooted in systemic thinking, interdisciplinary collaboration, and
an ethics of responsibility.
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1. UNDERSTANDING PACKAGING COMPLEXITY: FUNCTIONS,
MEANINGS, AND RELATIONSHIPS

Erik Ciravegna

Abstract: Packaging is one of the most pervasive artefacts
of contemporary life, mediating relations between products,
brands, users, and sociotechnical systems. More than a contain-
er, it operates simultaneously as a functional prosthesis and a
communicative device, guiding practices of use, circulation, and
interpretation. Its functions range from protection and preser-
vation to persuasion, identity construction, and systemic co-
ordination across material, digital, and symbolic domains. Se-
miotic and operational dimensions are intertwined: packaging
encodes gestures, conveys narratives, and shapes user experi-
ence, while technological innovations extend its role as an inter-
active interface. At the same time, it is embedded in distributed
project chains and overlapping ecologies that include material,
social, economic, and cultural contexts, which highlights its
relational and systemic nature. Framing packaging in this way
reveals both its complexity and the responsibilities it entails,
positioning design as an anticipatory and collaborative practice
oriented towards circularity and regenerative processes.

Keywords: packaging complexity, packaging system, commu-
nication device, design mediation, design responsibility.
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1.1. Packaging pervasiveness and its multiple roles in
everyday life

Among the multitude of manufactured goods that populate con-
temporary life, packaging is one of the most pervasive. It accom-
panies almost all the products we buy, consume, or interact with.
Integrated into domestic routines, professional environments,
leisure activities, and increasingly the digital domain, it shapes
daily practices. Its presence extends beyond the material sphere
into the broader media ecosystem, which includes advertising,
e-commerce platforms, television, and social networks. In these
contexts, packaging acts as a mass-media actor (BUCCHETTI,
1999), contributing to the visual and semantic construction of
consumption. Like other familiar objects, it alters environments
and shapes the aesthetic, semantic, and behavioural codes of
everyday life. More than a simple container, packaging is a bear-
er of meaning and a semiotic construct that mediates between
product, brand, and user. Objects function through their utility
but also as systems of signs that organise meaning within con-
sumption practices (ECO, 1976; BAUDRILLARD, 1981). Through
its sensory and semantic properties such as form, materiality,
finishes, and graphic systems, packaging influences how a prod-
uct is perceived, interpreted, and experienced.

This role is particularly evident in the contemporary con-
text, marked by globalised and decentralised production, com-
plex regulatory frameworks, platform-mediated consumption,
and growing dematerialisation. Technological advances such as
track-and-trace systems, IoT devices, intelligent labelling, sen-
sors, and scannable codes expand its capabilities, turning the
container into an active interface that conveys messages while
collecting, processing, and transmitting information. In sectors
such as food, cosmetics, fashion, and e-commerce, particular-
ly within the Made in Italy ecosystem, these innovations ena-
ble real-time temperature monitoring, origin verification, an-
ti-counterfeiting checks, and personalised product information.

At the same time, environmental emergencies, resource
scarcity, and public awareness of pollution and waste have rede-
fined the social responsibilities of packaging. It now engages in
dialogue with users, supports the social structures in which it
operates, and preserves the ecosystems with which it interacts.
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Packaging emerges as a complex artefact that is technological
and cultural, commercial and regulatory, material and symbol-
ic. It reflects and co-determines the intricacies of the systems
it inhabits, from supply chains to legal frameworks, from en-
vironmental dynamics to sociocultural expectations. Design-
ing packaging today requires more than functional or aesthetic
solutions. [t requires systemic thinking: the capacity to operate
within networks of interdependencies and manage the mul-
ti-scale impacts of decisions over time. It also requires antici-
pating multiple futures and cultivating renewed ethical sensi-
tivity to the long-term consequences of design.

The evolution of packaging, from container to communica-
tion tool and now to information infrastructure, calls for con-
ceptual frameworks that extend beyond product design or engi-
neering, and for interdisciplinary approaches. Advanced Design
(IN1GUEZ FLORES et al., 2014; CELASCHI, 2015; CELASCHI & CELI,
2015), particularly in its intersections with Transition Design
(IRWIN, 2015; 2018; KOSSOFF, IRWIN & WILLIS, 2015) and Sys-
temic Design (BISTAGNINO, 2011; BARBERO, 2017), provides a
valuable lens to address these challenges. Designers are increas-
ingly called to act as mediators of knowledge, facilitators of in-
novation, and anticipators of future scenarios within diverse and
evolving ecosystems. This role rests on the capacity to synthesise
heterogeneous inputs, interpret intricate systems, and align the
needs of multiple stakeholders; it has long been recognised as a
foundational dimension of design (CELASCHI, 2008).

Looking at packaging through this broader lens means ap-
proaching design as a strategic and cultural operation that in-
volves material, symbolic, systemic, and ethical dimensions.

1.2. The multifaceted nature of a complex artefact

Packaging is an essential element for the circulation of products
and a fundamental condition for accessing the commercial ex-
change system. It is both a technical necessity that protects and
preserves its contents and an infrastructure that allows goods
to be marketed, positioned, and traded. From supply chain
logistics to point-of-sale display and consumption, packaging
shapes how products are distributed, valued, and experienced.
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In increasingly hyper-artificial environments (MANZINI,
1990), it functions as a bridge between production and con-
sumption and as an interface that enables multiple relationships,
for example, between brands and consumers or between users
and products. According to sociocultural theories, it acts as an
object of mediation, activating symbolic processes and translat-
ing product-related knowledge into experience (LIVOLSI, 1983).
Every designed element, from graphics and morphology to ma-
terials and surface treatments, enhances recognition, trust, and
responsible use (BUCCHETTI, 1999, 2005; CIRAVEGNA, 2010).

This mediating dimension can be further understood
through semiotic analysis, which highlights the mechanisms
by which packaging produces and conveys meaning. From this
perspective, the communicative effectiveness of packaging de-
rives from the articulation between signified and signifier (from
French: signifié and signifiant), the two main components of a
sign. The signified represents the plane of content, while the
signifier expresses the observable aspects of the sign (Eco,
1976; MARSCIANI & ZINNA, 1991). In packaging, the choice of
graphics, materials, or structural components (signifier) sup-
ports symbolic and functional interpretations of the object (sig-
nified). This process enables users to interpret explicit textual
and figurative messages, such as instructions for use or warn-
ings, as well as implicit cues, including surface finishes or colour
codes that suggest brand positioning, and structural features
such as die-cuts or thumb notches that indicate how the object
should be handled.

Uncoated raw cardboard combined with green graphics, for
example, is often used to signal sustainability or reduced en-
vironmental impact. Yet such codes, now widely standardised
and internalised, can encourage reductive interpretations or su-
perficial associations, as in the case of greenwashing (DELMAS
& BURBANO, 2011). Designing packaging, therefore, requires
careful alignment between the intended message and the cho-
sen means of expression. When conducted effectively, this pro-
cess can turn sustainability from a superficial code into a trans-
formative and regenerative narrative that supports behavioural
change and systemic transitions (SUCCINI et al., 2025).

The semiotic and practical dimensions of packaging are, in-
deed, inseparable. Codes intertwine with the operational char-
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acteristics of the container, generating constant interaction
between communicative and instrumental functions. These
dimensions converge in what Deni (2002) defines as factitivity:
the capacity of a designed object to induce practices and social
behaviours through a combination of operability and signifi-
cation. Packaging “teaches” users how to act, through explicit
instructions for use (e.g., text, pictograms) and implicit indica-
tions, or affordances (NORMAN, 2013), such as colours, surface
finishes, morphology, and other structural elements that shape
the sequences of actions performed during interaction (Buc-
CHETTI & CIRAVEGNA, 2014).

In conclusion, packaging can be described as a relational and
evolving device. It shapes actions, guides interpretations, and
enables meaningful interactions across material, technological,
and symbolic dimensions. It may be seen both as an artefact
and as a node within a broader system of relations, an ecosys-
tem of actors, actions, and meanings that design must interpret
and coordinate. This perspective shows that packaging is em-
bedded in production and consumption networks and carries
broader responsibilities for ecological and social regeneration.
Within this horizon, design choices can create value that goes
beyond impact reduction (SUCCINI et al., 2025).

1.3. Packaging functions: From object of use to
communication device

Packaging, as a dynamic nexus of meanings and interactions,
also acts as an extension of everyday practices, a prosthetic form
(BUCCHETTI, 1999; 2005; CIRAVEGNA, 2010; BUCCHETTI &
CIRAVEGNA, 2014) that accompanies and structures consump-
tion gestures. It can be approached from two perspectives: as
an instrumental prosthesis (object of use), and as a communica-
tive prosthesis (means of communication). As an instrumental
prosthesis, it protects and preserves products, facilitates their
distribution, and supports actions associated with their use. Ac-
cording to Cioccarelli et al. (1995), it allows consumption to be
displaced in time and space, extending the useful life of prod-
ucts (time) while enabling their circulation across global mar-
kets (space).
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As a communicative prosthesis, packaging activates process-
es of meaning and orients users’ interpretations. It fulfils a va-
riety of functions, from attention appeal to seduction, from in-
formation provision to instruction for use. It functions as a ful-
ly-fledged communication device or, in Agamben’s (2009) terms,
a communicative apparatus. This perspective encompasses both
the technical-functional role of packaging in design and produc-
tion and its sociosemiotic dimension in philosophical discourse.
It also highlights the multifaceted nature of the artefact, which
operates simultaneously on material, symbolic, and systemic
levels. In this role, meaning is co-produced by the designer and
interpreted by the user. Through its structural characteristics,
packaging shapes users’ gestures: whether opening, pouring,
closing, measuring, or discarding, each action is inscribed in
the form of the artefact. The design of these gestures reflects
what Deni (2002) defines as “programmes of action,” structured
sequences incorporated into the object that guide and inform
users’ interaction.

Building on this distinction, packaging functions can be
grouped into two interdependent domains, reflecting its hybrid
nature as an integrated prosthesis with material, semiotic, struc-
tural, and symbolic dimensions:

« Use-related functions, linked to packaging as an object of use,
cover its performative dimensions as a “protective shell”
(e.g., containment, preservation, protection, distribution)
and its operational dimensions as a “tool for interaction”
(e.g., opening, closing, resealing, dosing, discarding).

« Communication functions, associated with packaging as a
communication device, encompass the ability to convey,
instruct, and mediate meaning, ranging from guiding user
experience to expressing values and enabling brand iden-
tification.

A closer look at the communicative aspects reveals multiple in-
tersecting dimensions. Packaging fulfils appellative, persuasive,
and identity-related roles by enabling differentiation and fos-
tering emotional resonance through its chromatic, typograph-
ic, structural, and tactile qualities. It also conveys informative
and prescriptive content, from technical data (e.g., ingredients,
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expiry dates, origin) to regulatory markings, environmental in-
dications, and instructions for use. As Bucchetti (1999) notes,
these elements are generally organised hierarchically in the
overall packaging topography: primary surfaces (front and top)
promote brand visibility and product identity, while secondary
ones (sides, back, bottom) provide operational or regulatory in-
formation.

Taken together, these functions show that packaging com-
munication extends beyond textual or graphic language to a
coordinated system of visual, tactile, material, and structur-
al elements that shape the designed product experience. Such
a system may evoke tangible and intangible values, including
territorial identity, authenticity, craftsmanship, tradition, or
technological innovation, particularly in Made in Italy sectors,
where packaging plays a key role in product recognition and in
the construction of culturally situated brand identity. This stag-
ing function is captured by the concept of mise-en-scéne (Buc-
CHETTI, 1999), through which packaging creates the visual and
sensory context in which the product is presented and inter-
preted, acting as a theatrical interface between object and au-
dience.

Alongside these traditional communication functions, pack-
aging increasingly assumes mass-media and cross-media roles.
As a mass medium, the physical artefact becomes a platform
for disseminating messages that extend beyond the product it-
self. Through its communicative features, it articulates brand
identity, shapes consumer experiences, and often supports
co-marketing initiatives and social campaigns, for example, on
sustainability, health, or other ethical concerns. In its cross-me-
dia role, packaging is represented and recontextualised through
advertising, e-commerce platforms, social media, and user-gen-
erated content such as unboxing videos. In these contexts, as a
representation rather than a physical object, it contributes to
broader symbolic and narrative systems, in line with transme-
dia storytelling strategies. Within this expanded media ecology
(McLUHAN, 1964), packaging operates both as a communica-
tive interface and as a media object, simultaneously material
and digital, situated and distributed.

To meet contemporary challenges, packaging must be de-
signed with careful coordination of physical and digital com-
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ponents to ensure visibility and recognisability across multiple
media. Accessibility is crucial in this process, both for usability
and inclusiveness. Recognising this complexity also means ac-
knowledging that packaging is embedded in systemic dynamics,
including economic, environmental, technological, and cultural
factors, and that its roles are best conceived as relational dimen-
sions within networked ecologies of production, consumption,
and communication.

1.4. The packaging system: From complexity to responsibility

The complexity of packaging is reflected in the broader eco-
system of actors and relationships to which it belongs. On the
one hand, as Bucchetti (2010) observes, the design of this ar-
tefact lies at the intersection of multiple fields of knowledge,
including design and communication, as well as sociocultural
and technoscientific domains such as semiotics, marketing,
ergonomics, and industrial engineering. This multidisciplinary
nature makes packaging the outcome of a distributed project
chain, fragmented and dispersed across different contexts and
time frames. It often results in incremental interventions car-
ried out by diverse actors, each working with distinct methods,
goals, and timelines (BADALUCCO et al., 2000).

On the other hand, beyond its distributed project chain,
packaging is embedded in networks of production, distribution,
communication, consumption, and end-of-life management. As
Giardina (2024) argues, it is a node within an intricate web of
technical, economic, social, regulatory, and symbolic relation-
ships. The set of processes that lead to the development, cre-
ation, use, and disposal of packaging constitutes the so-called
packaging system (CIRAVEGNA, 2010, 2017) ot, when consider-
ing new technological infrastructures and contemporary circu-
lar strategies, the extended packaging system (GIARDINA, 2024).
Far from being linear or unified, it emerges from the interaction
of heterogeneous actors, whose decisions collectively shape the
functional and communicative profile of the artefact.

Stakeholders in this ecosystem include designers and manu-
facturers, brand owners and marketers, logistics providers and
retailers, as well as policymakers, regulators, end users, and



1. Understanding packaging complexity 25_

waste managers. Each operates with specific competencies, ex-
pectations, and constraints. Their interactions both influence
and are influenced by the artefact’s properties, producing a dy-
namic field of negotiation in which design acts as a mediating
force. Within Advanced Design frameworks, this role is recog-
nised as strategic and anticipatory (GIARDINA, 2024).

The packaging system also operates within overlapping
ecologies (GUATTARI, 2000): material, technological, economic,
social, and symbolic ones. These are not neutral environments
but relational systems, often marked by tensions and trade-
offs. For instance, reducing material complexity may improve
recyclability while limiting brand expression, whereas increas-
ing traceability through smart labels may support regulatory
compliance but raise concerns over data privacy and accessibil-
ity. This ecological perspective builds on design research that
describes the interdependencies between artefacts, users, and
contexts, involving not only material flows but also symbolic
and experiential dimensions (MANZINI, 2015; ZAMENOPOULOS
& ALEXIOU, 2018).

Acknowledging packaging as part of these ecologies high-
lights its role as a relational device that connects supply chains,
communication infrastructures, and environmental pressures.
In this scenario, the designer’s role gains renewed relevance:
design becomes an anticipatory and collaborative practice that
negotiates among stakeholders and addresses long-term im-
plications. Packaging must therefore be conceived as both an
industrial process and a material and communicative device
whose responsibility extends to the systems it activates and
transforms. Circularity is not limited to closing loops but in-
volves fostering regenerative processes, where design restores
value and relationships across ecological, social, and economic
dimensions (SUCCINI et al., 2025). Packaging thus emerges as a
lever for socioecological transitions, calling for ethical and for-
ward-looking approaches. It embodies the complexity of con-
temporary systems and places on design the responsibility to
orient them towards sustainability and regeneration.

Author role acknowledgement: The author was responsible
for the conception, writing, and final revision of all sections of
the chapter.
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2. ADVANCED DESIGN FOR PACKAGING TRANSITIONS:
RESPONSIBILITIES, ROLES, AND TOOLS

Erik Ciravegna, Veronica Pasini, Ludovica Rosato, Davide Pletto

Abstract: Packaging today is situated within a context of
multiple, interrelated crises that expose the fragility of pro-
duction and consumption systems and call for transformative
approaches. In this scenario, Advanced Design emerges as a
systemic and anticipatory practice able to integrate knowledge
domains, mediate between material and immaterial dimen-
sions, and foster responsible innovation. Beyond technical or
communicative functions, packaging design becomes an ethi-
cal and strategic infrastructure for socio-ecological transfor-
mation. Concepts such as Design Endless Responsibility and
Transitional Industrial Designer highlight how design can act
as a driver of change, orchestrating transitions that go beyond
efficiency and sustainability to embrace circularity and regener-
ation. Methods and tools, from observatories to guidelines and
co-creation platforms, acquire strategic significance as anticipa-
tory devices that structure conditions for innovation. Through
this lens, packaging becomes a laboratory of transition, a field
where design anticipates impacts, connects actors, and gener-
ates new forms of value.

Keywords: Advanced Design, systemic innovation, global
challenges, ethics of responsibility, Transitional Industrial
Designer.
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2.1. Reframing design practice in packaging transitions

Packaging is both a material artefact and a cultural interface.
Positioned at the intersection of objects, systems, and behav-
iours, it emerges not merely as a functional device but as a me-
diator of relationships across the supply chain, from production
to consumption and beyond. Such systemic framing becomes
even more urgent considering the complex transitions that
define the contemporary scenario. The intensification of envi-
ronmental, social, and technological disruptions calls for a re-
consideration of design’s role and scope, particularly in relation
to the extended responsibilities demanded by contemporary
transitions (CIRAVEGNA, 2020, 2022; GIARDINA, 2023, 2024).
Recent design research frames crisis both as disruption and a
generative moment that calls for critical discernment and pro-
jectual awareness, opening spaces for transformation and re-
sponsibility (SUCCINI & CIRAVEGNA, 2022).

The current global scenario is increasingly described as a
state of permacrisis, a prolonged condition of instability gener-
ated by the convergence of environmental, social, political, and
economic disruptions (COLLINS ENGLISH DICTIONARY, 2022).
What was once considered a sequence of isolated crises is now
understood as a systemic condition: the so-called polycrisis,
further theorised as a network of entangled causal mechanisms
that reinforce one another over time (LAWRENCE et al., 2024).
Climate change, biodiversity loss, pollution, pandemics, and ge-
opolitical tensions are not parallel phenomena. They are inter-
woven symptoms of a deeper structural imbalance that affects
production and consumption models, political agendas, and
collective imaginaries (BAUMAN & BORDONI, 2014; UNITED Na-
TIONS CLIMATE CHANGE, 2022).

In this context, the role of design must be reassessed, not
only as a discipline responding to complexity, but as a cultural
and strategic practice capable of navigating systemic fragility.
In times of instability, design is called to act with both critical
awareness and projectual responsibility, as it is a moment of
rupture that demands discernment and decision, an attitude
that has been at the centre of multiple reflections on design’s
role in crisis scenarios (FRY, 2009; SWEETING, 2018; FRY &
NOCEK, 2020).
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The term krisis (from the verb krino) originally denoted the
act of discerning and separating, as in agricultural practices of
winnowing. It thus implies not only rupture but also transfor-
mation through judgement (KOSELLECK & RICHTER, 2006). The
etymology of ethics (ethos) and responsibility (respondeo, “to
answer”) reinforces this interpretative perspective: to act eth-
ically is to respond to others and to anticipate the consequenc-
es of one’s actions (WEBER, 1946; JONAS, 1984). The so-called
“ethics of responsibility” emerges not as an abstract moral prin-
ciple but as anticipatory behaviour grounded in discernment
and accountability, providing a foundation for design practice
in times of systemic fragility. Within this horizon, responsi-
bility is intertwined with caring, understood as taking care of
people, communities, and environments across interdependent
systems (TRONTO & FISHER, 1990; TRONTO, 1993; SUCCINI &
CIRAVEGNA, 2022).

In the context of packaging design, a crisis should be treated
not as a threat to be neutralised but as a generative moment that
demands informed, situated, and forward-looking decisions.
Packaging design can be reimagined as a dynamic, reflexive
practice that intervenes in complex ecologies of meaning, mat-
ter, and value, and as a form of action within broader cultural,
regulatory, and technological transformations (GIARDINA, 2023,
2024). Advanced Design provides a conceptual lens for a con-
text-sensitive, anticipatory, and systemic practice that embraces
complexity and anticipates socio-technical transitions through
interdisciplinary approaches (CELASCHI, 2015; CELI, 2015). Ap-
plied to packaging, it enables designers to work across materials,
formats, and systems of production, use, and interpretation, and
to adopt a responsible posture capable of navigating tensions,
coordinating plural interests, and constructing shared directions
of change (CELASCHI & CELI, 2015; SUCCINI et al., 2024).

The challenges facing packaging design today include the
need to reduce environmental impacts while maintaining tech-
nical performance; to comply with evolving regulations while
preserving expressive qualities; to integrate digital technologies
while ensuring legibility and inclusion. These tensions are not
easily resolved through linear optimisation. Rather, they re-
quire a design approach that is iterative, negotiated, and open
to plural futures, capable of engaging with “wicked problems,”
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navigating ambiguity, and fostering transformative outcomes
(RITTEL & WEBBER, 1973; BUCHANAN, 1992; MANZINI, 2015).
This is where the ethics of responsibility becomes central, as
a concrete posture rooted in forward-looking awareness (FRy,
2009). Acting under conditions of uncertainty entails negotiat-
ing plural perspectives and consequences, making responsibili-
ty an operative stance rather than a merely declarative principle
(SucciINI & CIRAVEGNA, 2022).

This expanded responsibility calls for new forms of medi-
ation, reflecting the evolving nature of design, particularly in
the packaging sector, where the designer navigates technical
constraints, symbolic narratives, and systemic responsibilities.
Designers are increasingly positioned as translators between
knowledge domains, facilitators of stakeholder dialogue, and
integrators of conflicting constraints. Their work operates at
the junction of the visible and the invisible: what a package
shows and what it hides; what it enables and what it inhibits. As
both artefact and message, packaging becomes a site of negoti-
ation where economic, symbolic, and ecological values intersect
(GIARDINA, 2023, 2024). In this sense, design works as a cul-
tural and social infrastructure that mediates among actors and
aligns practices with collectively negotiated values (SUCCINI &
CIRAVEGNA, 2022).

In this light, packaging can be reframed as a “platform for in-
novation” (CIRAVEGNA et al., 2024) where diverse requirements,
expectations, and constraints converge. Its design involves not
only technical specifications but also the construction of mean-
ings and the orchestration of interactions. This approach does
not isolate design from industrial, communicative, or regula-
tory processes. It positions it as a connective and anticipatory
force. Through the lenses of Advanced and Responsible Design,
understood as approaches that combine anticipatory strategies
with social and environmental accountability and knowledge
generation (OWEN et al., 2012; STILGOE et al., 2013; INIGUEZ
FLORES et al., 2014; SUCCINI et al., 2024), packaging can be
reinterpreted not only as a technical object or communication
tool, but as a space of convergence for ethical, material, and cul-
tural negotiations.

Within this framework, packaging designers are at once pro-
viders of solutions and cultural and strategic actors capable of
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shaping conditions for change. Navigating between norms and
deviations, between compliance and innovation, designers con-
tribute to a broader transition in which packaging ceases to be a
problem to be solved and becomes a field of experimentation for
new values, practices, and imaginaries (GIARDINA, 2023, 2024).

This systemic perspective frames the backdrop against which
the global crises and sectoral challenges of packaging can be
more clearly understood. In sum, reframing packaging design in
the context of contemporary transitions means recognising its
critical position within systemic and ethical change. It entails
moving beyond reductive narratives and embracing the com-
plexity of packaging as an artefact embedded in socio-technical,
economic, and symbolic networks. The pursuit of sustainable
futures requires confronting uncertainty not as a constraint but
as a precondition for critical reflection, innovation, and system-
ic transformation (FRY & NOCEK, 2020).

2.2. Packaging and global fragilities: From ecological crises
to sectoral challenges

The systemic fragilities outlined above acquire specific relevance
in the packaging sector, where global crises translate into con-
crete material, regulatory, and cultural challenges. Packaging
does not exist outside these dynamics but is embedded in them,
reflecting and amplifying the tensions that characterise con-
temporary production and consumption systems.

The convergence of environmental degradation, social in-
equality, geopolitical tensions, and technological acceleration
shapes a fragile context for design and industry alike. This
condition, described as a polycrisis, is not the result of isolat-
ed disruptions but of interconnected systemic imbalances with
compounding effects (LAWRENCE et al., 2024). Within this frag-
ile scenario, packaging emerges not only as a symptom of un-
sustainable models of production and consumption but also as
a potential instrument for innovation and mitigation. Design
thus operates at the intersection of instability and responsibil-
ity, compelled to engage not only with complexity but also with
processes of transition.

Packaging has long been associated with overproduction,
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disposability, and pollution. As noted by the United Nations
Environment Programme (2021), it accounts for nearly half of
global plastic waste, underscoring its critical role in the ecolog-
ical crisis. At the same time, the design of packaging influenc-
es behaviours across the value chain: from logistics to display,
from consumption to disposal. It mediates relations between
humans, materials, and systems, both enabling and inhibiting
sustainable practices. This renders packaging design a strate-
gic and systemic activity, where each decision has potential rip-
ple effects beyond the immediate artefact (CIRAVEGNA et al.,
2025a).

One of the defining pressures shaping contemporary pack-
aging is digitalisation. New technologies such as smart labels,
digital sensors, and blockchain-based traceability promise to
increase transparency and adaptability. However, their imple-
mentation is often uneven and fragmented, raising questions
about accessibility, equity, and unintended consequences.
While digital tools can foster more informed choices and reduce
inefficiencies, they also risk reinforcing asymmetries between
producers and users if not carefully designed (EUROPEAN COM-
MISSION, 2020). Responsible innovation requires more than
functional deployment; it demands anticipatory thinking, par-
ticipatory governance, and sensitivity to socio-cultural contexts
(OWEN et al., 2012; STILGOE et al,, 2013).

Equally urgent is the transition from linear to circular mod-
els of production. In particular, the circular economy promotes
strategies aimed at reducing resource extraction, extending
product life, and closing material loops. In the context of pack-
aging, this implies designing for recyclability, reuse, refillability,
or compostability, while also communicating clearly to support
behavioural change. These strategies must be embedded in a
systemic approach, accompanied by a shift in values rather than
limited to material substitutions. As Fry (2009) and Manzini
(2015) argue, sustainability in design requires more than tech-
nical solutions; it entails a redefinition of the socio-material re-
lations that shape our world. Packaging becomes an active agent
in shaping imaginaries, norms, and practices. Its design must
therefore reconcile performance with ethical and symbolic di-
mensions, resisting reductive narratives and cosmetic environ-
mentalism.
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This complexity is further amplified by the evolving regula-
tory landscape. European strategies, such as the Circular Econo-
my Action Plan (EUROPEAN COMMISSION, 2020), are redefining
the requirements for packaging across its entire life cycle. De-
signers must now navigate not only technical specifications but
also legal constraints, environmental certifications, and shift-
ing standards. These normative transformations are not merely
bureaucratic: they shape design languages, production systems,
and market expectations. They act as cultural materials, param-
eters through which values and priorities are articulated.

In this rapidly changing context, packaging designers take
on multifaceted roles: mediating between conflicting require-
ments (e.g., protection vs. compostability), coordinating across
fragmented systems (e.g., production vs. end-of-life infrastruc-
tures), and engaging with users, institutions, and technologies.
Their work unfolds within a field where regulation, ethics, and
innovation are intertwined. Here, design acts as a systemic inter-
vention: it does not respond only to crises but also fosters condi-
tions for resilient and regenerative futures (SUCCINI et al., 2025).

Recent research highlights the need to rethink packaging as
an infrastructural interface rather than a mere container. As
suggested by Pletto (2025), this entails recognising the arte-
fact’s embeddedness in socio-technical systems and its ability
to influence production logics, user engagement, and value cre-
ation. Building on insights from Advanced Design, this perspec-
tive frames packaging as a space of negotiation between insti-
tutional norms, industrial processes, and cultural practices. In
this scenario, the designer’s role expands beyond form-giving
to include strategic mediation and systemic foresight, thereby
contributing to more sustainable, inclusive, and adaptive pack-
aging ecologies.

2.3. Transitional figures: Rethinking roles through Advanced
Design

In the contemporary context, the role of the designer is chal-
lenged by a constantly shifting landscape, marked by systemic
uncertainties and overlapping economic, social, and environ-
mental crises. Within this scenario, design can actively con-
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tribute to the transformation of the systems it engages with
by adapting tools and practices to turn critical situations into
opportunities (CESCHIN & GAZIULUSOY, 2021). Ethical respon-
sibility now emerges as a guiding principle, calling on design
to consider not only the environmental consequences of deci-
sions but also their relational, temporal, and social implications
(FORMIA, 2017; ESCOBAR, 2018).

It is within this framework that the approach of Responsible
Advanced Design (R-AD) takes shape (SUCCINI, 2023; CIRAVE-
GNA et al,, 2025b), combining the speculative, anticipatory, and
transdisciplinary practices of Advanced Design (CELASCHI et al.,
2014; CELASCHI, 2016; CELASCHI et al., 2019) with the princi-
ples of Responsible Innovation (STILGOE et al., 2013; DELGADO
& AM, 2018). The aim is not only to anticipate change but to
develop design models that place at their core the diversity of
stakeholders, the systemic impact of decisions, and the ethical
and social responsibilities embedded in design practice (Succi-
NI et al., 2024). Within this perspective, Advanced Design con-
stitutes a posture capable of interpreting change, abandoning
fast design logics in favour of continuous, adaptive processes
(CELASCHI et al., 2020), able to navigate uncertainty and inde-
terminacy. Central to this approach is the conception of design
as an anticipatory practice, one that explores possible futures
and acts within uncertain and complex environments. Design
thus becomes a cultural infrastructure that connects people,
technologies, resources, and ecologies in co-evolutionary ways.
In such a scenario, the designer acts as a mediator (CELASCHI,
2008), capable of moving beyond subjective or strictly objective
views to embrace an intersubjective and relational logic.

This is the context in which the notion of Design Endless Re-
sponsibility (DER) emerges (SUCCINI et al., 2024; ZANNONI et
al., 2024). The concept reasserts the need for a design respon-
sibility that spans all phases of the value chain, both in practice
and in the training of designers, through a logic of continuous
iteration and impact reduction.

According to the DER paradigm, the designer is called to con-
nect and mediate across domains and stakeholders, while also
considering the future impacts of every design phase. The val-
ue transmitted through design is thus ethical, relational, and
transformative. DER is proposed as a framework for continuous
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evaluation and verification (ZANNONI et al., 2024), a reflexive
system within the design process, which prompts designers to
ask whether all potential impacts are being considered and how
they are being addressed. The designer’s responsibility thereby
orients the project toward conscious and plural choices.

If DER defines a framework in which designing entails the
ongoing assumption of responsibility for each decision and its
future consequences, then its implementation calls for a design
figure capable of operating in complex, integrated, and mul-
ti-stakeholder contexts. It is from this premise that the Transi-
tional Industrial Designer (TID) is defined: a figure situated at the
intersection of Advanced Design and Transition Design, derived
from a critical reading of various designer profiles proposed in
recent years. Irwin (2015) defines the Transition Designer as a
figure able to observe and address wicked problems through tar-
geted actions in social and service design. The Transition Prod-
uct Designer, proposed by Bisson and colleagues (2022), assigns
the product a role as a local activator of change, aiming to create
sustainable artefacts rooted in territorial knowledge. The Tran-
sition Matter Designer, introduced by Rosato (2023), focuses in-
stead on the material dimension, guiding supply chains in the
gradual transformation of critical product-systems through
attentive reading of the metamorphoses occurring in material
properties. Alongside these, the Transitional Industrial Packag-
ing Designer, a figure developed by Giardina (2023, 2024), can
operate within the extended packaging ecosystem, managing
material, immaterial, and digital components simultaneously.
This figure is capable of reinterpreting and redesigning the rela-
tionships between production, consumption, and communica-
tion, leveraging systemic and digital tools to support ecological
transition within the temporal and operational constraints of
industry.

Building on these studies, the TID is tasked with activating
and governing preferable futures by coordinating material and
immaterial dimensions, actors and systems, knowledge and
processes, through a holistic, relational logic (CELASCHI & CELI,
2015). The TID arises from the need for a designer who not
only masters anticipatory and systemic design tools but also
employs DER as a device of verification throughout the entire
process, from ideation to end-of-life (ZANNONI et al., 2024).
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In light of these reflections, it becomes essential to explore
how the TID can concretely operate within a complex and stra-
tegic supply chain, such as packaging, where design responsi-
bility translates into practices capable of activating sustainable
and circular transition processes across the entire product life-
cycle. This expansion of roles makes the development and use
of methods and tools not ancillary, but essential for enabling
such transitions. They become the operational infrastructures
through which the responsibilities of the Transitional Industri-
al Designer can be enacted and tested.

2.4. Methods and tools for systemic packaging innovation

Unlike other design domains, the packaging system is charac-
terised by a fragmented supply chain, numerous stakeholders,
and the convergence of technological, regulatory, environmen-
tal, cultural, and social issues (CIRAVEGNA, 2010, 2017; LEWIS,
2012; GIARDINA, 2023, 2024). In this sense, as already men-
tioned, packaging cannot be considered merely as a contain-
er or communication device but as a platform for innovation
(CIRAVEGNA et al., 2024) where production requirements, mar-
ket dynamics, user expectations, and responsibility towards so-
ciety and the environment converge and are mediated through
Advanced Design practices.

If packaging is therefore rethought as a platform for inno-
vation, methods and tools take on a crucial role in translating
this complexity into feasible design practices. They become the
mediators through which the tensions between technical con-
straints, environmental demands, regulatory pressures, and cul-
tural expectations can be observed, interpreted, and reworked
into design trajectories. These are not neutral devices but antic-
ipatory instruments that guide decisions in terms of immediate
outcomes as well as future implications (APPADURAL, 2013; AN-
DERSON, 2010) and responsibilities (OWEN et al., 2013; JONAS,
1984). In this sense, the focus shifts from the development of
new artefacts to the creation of meta-design tools (CIRAVEGNA
et al., 2024), capable of acting upstream of traditional processes
and creating the conditions for responsible innovation (OWEN et
al., 2013; STILGOE et al., 2013). What distinguishes them is their
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ability to produce finished solutions, but also their capacity to
structure fields of possibility, enabling scenarios for change and
providing frameworks to navigate systemic complexity.

This perspective implies a radical shift in the very under-
standing of the role of design. The focus is no longer on opti-
mising the artefact alone, but on building cognitive, methodo-
logical, and collaborative infrastructures that enable designers
to tackle the wicked problems of the packaging sector. Meth-
ods and tools, therefore, take on strategic value because they
make the system observable, narratable, and transformable
by helping designers identify invisible connections, negotiate
among actors with divergent interests, and imagine viable al-
ternatives. They enable designers to navigate tensions between
technical performance and sustainability, production efficiency
and social responsibility, as well as regulatory stability and ex-
perimental innovation. In other words, they act as interfaces of
mediation between worlds that would otherwise remain discon-
nected: production and consumption, industry and politics, the
material and the immaterial, the present and the future.

These methods and tools operate across multiple scales and
functions (CIRAVEGNA et al., 2024).

« At an operational level, they provide concrete support for
project development through guidelines, checklists, and
validation platforms that translate regulatory and envi-
ronmental constraints into practical recommendations.

« At an analytical and interpretative level, they enable the
observation and critical reading of emerging trends, as in
the case of observatories and databases that systematise
knowledge and narrate innovation trajectories.

« At a collaborative level, they activate co-creation and dia-
logue among heterogeneous actors, facilitating the emer-
gence of shared visions and participatory strategies for
transition.

In addition to supporting individual projects, these instru-
ments contribute to redefining the broader scope of design
practice. From this perspective, methods and tools also redefine
the scope of the TID’s practice (ZANNONI et al., 2024). By rely-
ing on operational instruments, the designer strengthens their
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capacity to make informed decisions within complex regulatory
and environmental frameworks. Through analytical tools, they
expand their interpretative responsibility, anticipating future
trajectories and embedding foresight into the design process.
Finally, collaborative tools enhance the designer’s role as me-
diator, enabling coordination among diverse stakeholders and
fostering shared directions of change. These devices thus ex-
tend the designer’s responsibility (SUCCINI et al., 2024) from
the artefact to the system, supporting a more accountable and
anticipatory design posture.

Beyond their conceptual framing, these methods and tools
find concrete expression in a variety of initiatives and collabo-
rative practices. The Packaging Innovation Observatory* at the
University of Bologna (CELASCHI et al., 2023) plays a crucial role
in collecting, systematising, and interpreting case studies at the
national and international level. Through cataloguing systems
based on tags and “value drivers,” the Observatory provides in-
formation on trends, materials, technological solutions, and
logistics processes, translating them into narrative and interpre-
tative tools that guide design decisions and innovation strategies.

Alongside these observation and mapping tools, co-creation
workshops and participatory processes play an increasingly
important role, creating spaces for dialogue and collaboration
among businesses, institutions, designers, researchers, and end
users. These processes not only generate design solutions more
closely aligned with the needs of the supply chain but also help
to build a common language across diverse stakeholders, there-
by promoting dynamics of responsible innovation. Another op-
erational tool consists of guidelines and checklists that trans-
late the complexity of technical, regulatory, and environmental
requirements into practical recommendations and verification
tools. The Guidelines for facilitating the recycling of steel packag-
ing,” developed by the Observatory in collaboration with CONAI
for the Progettare Riciclo initiative,® are a prime example. Based
on desk and field research, these guidelines provide concrete
guidance to designers and companies on improving recyclabili-
ty, accompanied by checklists to identify critical issues and op-
portunities for improvement.

Finally, more technical tools such as analytical grids, digital
platforms, and assessment software support the measurement
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of recyclability, environmental impact analysis, and regulato-
ry compliance verification. Often integrated with interactive
systems, these tools provide reliable and shareable databases
that allow design choices to be validated in terms of sustain-
ability and circularity. This systemic function underlines how
design today extends beyond the artefact, operating on the in-
frastructures that shape innovation itself. Design practice thus
expands into infrastructuring (SIMONSEN et al., 2020), where
the creation of methodological frameworks, procedures, and
collaborative platforms becomes as crucial as the design of the
packaging itself. In this sense, design operates not only on ar-
tefacts but also on the very conditions of possibility of inno-
vation, shaping the frameworks within which futures can be
imagined and enacted.

2.5. Packaging as a laboratory for ethical transitions

Packaging emerges as a complex and transitional domain where
systemic crises, sectoral challenges, and the evolution of pro-
fessional roles converge. The ecological and social emergencies
of our time, combined with regulatory and technological pres-
sures, expose the limits of linear and product-centred approach-
es. In this scenario, anticipation and responsibility become
guiding principles, repositioning design as a cultural infrastruc-
ture that orients practices across production, consumption, and
communication.

Within this framework, methods and tools acquire strate-
gic value. They do not operate as neutral instruments but as
anticipatory devices mediating tensions between technical
performance and sustainability, efficiency and responsibili-
ty, and stability and experimentation. Rather than delivering
finalised solutions, they structure fields of possibility, making
the system observable, narratable, and transformable. Through
guidelines, observatories, co-creation platforms, and analytical
frameworks, they provide designers and stakeholders with the
means to interpret complexity, negotiate divergent interests,
and imagine viable alternatives.

Conceived in this way, methods and tools extend the scope
of design practice. They translate systemic complexity into sit-
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uated action, generating infrastructures of knowledge and col-
laboration that sustain innovation beyond the optimisation of
artefacts. Their formulation represents a meta-design activity,
through which design anticipates change and creates the very
conditions for responsible transformation. Packaging thus be-
comes a laboratory for transition: a field where futures are col-
lectively tested, contested, and constructed, and where indus-
trial practices, cultural values, and environmental imperatives
are constantly realigned.

For the TID, these instruments are not ancillary supports
but constitutive elements of professional practice. By engaging
them, the designer strengthens decision-making capacity with-
in complex regulatory and ecological frameworks, expands in-
terpretative responsibility through foresight and analysis, and
enhances the role of mediator across heterogeneous actors. In
doing so, responsibility extends from the artefact to the broad-
er ecologies of production, use, and regulation.

Advanced Design, understood as anticipatory, reflexive, and
collaborative, offers the ground on which this transformation
unfolds, enabling packaging design to act not only as a mirror
and a driver of systemic transition, but also as a practice ori-
ented towards continuous assessment, regeneration, and long-
term sustainability. In this way, packaging in transition emerg-
es not only as a mirror of systemic fragilities but as a driver
of systemic transformation, where Advanced Design provides
both the posture and the instruments for guiding socio-ecolog-
ical transitions.
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gna; Section 2.2. by E. Ciravegna and D. Pletto; Section 2.3. by
L. Rosato; Section 2.4. by V. Pasini; Section 2.5. by E. Ciravegna
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Notes

! https://adu.unibo.it/osservatoriopack/

2 https://www.progettarericiclo.com/en/docs/guidelines-facilitating-recycling-
steel-packaging

3 https://www.progettarericiclo.com/en
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3. PACKAGING SUSTAINABILITY AND CIRCULARITY:
A SYSTEMIC DESIGN PERSPECTIVE

Silvia Barbero, Mariapaola Puglielli Martina Spinelli, Veronica Pasini,
Caterina Antonia Dattilo

Abstract: This chapter explores the transformative poten-
tial of design in supporting a sustainable transition through
packaging, emphasising the necessity of a systemic perspec-
tive. Packaging is gaining relevance, not only due to increasing
social and environmental awareness, but also because of its
evolving role in the context of digitalisation. Tools such as digi-
tal twins, intelligent sensors, and traceability platforms enable
real-time monitoring of material flows, lifecycle optimisation,
and the implementation of circular strategies. The integration
of these technologies calls for careful attention to environmen-
tal impacts. In this light, considering the growing complexity
of socio-technical systems, packaging is no longer conceived
solely as a functional artefact but as a dynamic node mediating
interactions between products, users, supply chains, and envi-
ronmental impacts. The chapter examines four interrelated di-
mensions of packaging design: the artefact itself, its relation-
ship with the contained product, its interaction with multiple
stakeholders across the supply chain, and its broader socio-en-
vironmental and regulatory context. By adopting a systemic
design approach, packaging evolves from a tangible artefact
into a strategic tool that aligns local operational practices with
global sustainability goals, fostering circularity, resilience, and
socio-environmental responsibility.

Keywords: Systemic Design, sustainable packaging, packaging
supply chain, Circular Economy, regulatory framework.
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3.1. Design for sustainability and circularity

The growing awareness of the climate crisis, social inequali-
ty, and economic instability has redefined the role of design,
calling it to contribute to transitions toward more sustain-
able futures. Sustainability is now conceived as a multidi-
mensional balance—environmental, social, and economic
(WoRLD COMMISSION ON ENVIRONMENT AND DEVELOP-
MENT, 1987)—which calls designers to move beyond form
and function, engaging with responsibility, justice, and resil-
ience (MCALOONE & P1G0SSO, 2017). This entails not only re-
sponsible choices of materials and processes but also the re-
thinking of consumption models, the extension of lifecycles,
and the promotion of cultural and behavioural change. In this
scenario, packaging is particularly relevant, as both a major
source of waste and a potential ground for experimentation
with new circular models.

Its relevance is also enhanced by the digital transition, which
is reshaping packaging systems with data-driven tools, plat-
forms, and smart technologies. These enable the monitoring of
material flows, the extension of lifecycles, and recovery opti-
misation. Digital twins, blockchain traceability, and intelligent
labelling provide infrastructures for circular practices, support-
ing reuse systems and closed loops. Here, design translates both
technologies into tangible solutions while ensuring their acces-
sibility and meaning for both companies and end users. Yet, dig-
italisation can also generate rebound effects such as energy con-
sumption, obsolescence, and e-waste if not critically governed
(PAGOROPOULOS et al.,, 2017).

This consideration demonstrates that the digital transition
cannot be considered in isolation.

Evidence for this can be found in the twin transition (REH-
MAN et al., 2023), which signifies the intertwined progression
of digitalisation and sustainability. Digital tools have the poten-
tial to curtail material consumption, prolong product lifecycles,
and facilitate low-carbon systems.

Designers are thus required to shape responsible circular ex-
periences, enable reuse and sharing models (MANNINEN et al.,
2018), and make digital systems intelligible and accountable
Xu etal., 2021).
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From a sustainability point of view, the circular economy
(EUROPEAN COMMISSION [EC], 2015, 2020; KIRCHHERR et al.,
2017; KIRCHHERR et al., 2023) offers a systemic alternative to
the linear “produce-consume-dispose” model. Its strategies,
summarised by the 9R framework (Refuse, Rethink, Reduce,
Reuse, Repair, Refurbish, Remanufacture, Repurpose, Recy-
cle) (MuNoOz et al., 2024), provide concrete pathways to pre-
serve material value and minimise waste. Designers are called
to embed principles such as modularity, reparability, and re-
generative capacity into their practice, developing solutions
that allow products and packaging to circulate within tech-
nical and biological systems without value loss (BHAMRA &
LOFTHOUSE, 2007).

The evolution of sustainable design shows a progression
from product-level efficiency to socio-technical strategies (fig.
1). In the 1970s and 1980s, early “green design” prioritised
environmental efficiency, while Papanek’s Design for the Real
World (PAPANEK, 1971) stressed ethical and social responsi-
bilities (GEISSDOERFER et al., 2017). In the 1990s, Ecodesign
became institutionalised through methodologies and regula-
tions such as the European Union’s Ecodesign Directive (EU-
ROPEAN PARLIAMENT & COUNCIL OF THE EUROPEAN UNION
[EP & COUNCIL], 2005), embedding environmental considera-
tions and responsibilities into industrial practice (MCALOONE
& P1G0Ss0, 2017).

The 2000s introduced systemic approaches such as Prod-
uct-Service Systems (PSS) (MANZINI & VEZZOLI, 2002; TUKKER
& TISCHNER, 2004) and Systemic Design (BISTAGNINO, 2011;
BARBERO & Bicocca, 2017), while Cradle to Cradle (McDON-
OUGH & BRAUNGART, 2002) popularized regenerative cycles,
positioning design as a means of continuous renewal rather
than mitigation. By the 2010s, sustainability-oriented design
had evolved into a socio-technical field, framing design as an
agent of transition at multiple levels (CESCHIN & GAZIULUSOY,
2016), from product innovation to community-scale infrastruc-
tures and lifestyle change. Packaging, as the main interface be-
tween products and users, thus becomes a communicative and
educational medium for sustainable practices.

As this historical summary demonstrates, the evolution of
packaging design is often concomitant with broader trends in
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design. From the 1990s into the 2000s, frameworks such as Cra-
dle to Cradle reframed packaging through material metabolisms
and certification systems, embedding goals of recyclability, re-
use, and material. By the 2000s-2010s, bioplastics (e.g., PLA)
and compostables entered mainstream markets, while corpo-
rations and municipalities pledged to curb single-use plastics
and tested refill-and-return systems. Since the 2010s, there has
been an expansion in focus toward circular economy strategies,
with the development of reuse platforms, novel bio-based mate-
rials, and innovations in mono-material design, which are con-
tributing to systemic circularity. Concurrently, regulations and
corporate commitments have established packaging as a pivotal
catalyst for sustainable transitions, both from a technical and
cultural standpoint (L1U et al., 2023)

This trajectory converges in Transition Design (IRWIN, 2015;
IRWIN, 2018), which positions design as a catalyst and driver
of long-term transformation, focusing on everyday practices,
cosmopolitan localism, and infrastructures for new cultural and
ecological paradigms (IRWIN et al., 2020). Within this frame-
work, digital tools (such as smart materials, sensors, and intelli-
gent labelling) open new possibilities for strengthening circular
design strategies.

For packaging design, this implies moving from product ef-
ficiency to systemic responsibility (SUCCINI et al., 2024). The
challenge is to situate packaging within the broader ecosystem
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of production, distribution, use, and recovery, where regulatory
frameworks and policies, further explored in the next sections,
play a key enabling role. Designers must therefore balance the
opportunities of digitalisation with its risks, ensuring that in-
novation fosters circularity, transparency, and responsibility
(MANNINEN et al., 2018).

3.2. How design is changing: A systemic approach to the
packaging sector

This historical evolution reflects the increasing complexity of
contemporary socio-technical systems that are reshaping how
we conceive artefacts, even seemingly simple ones like packag-
ing. The intricacy of supply chains and production networks,
characterised by multiple levels of interaction among diverse
stakeholders, global outsourcing, and intertwined logistical
flows (APPOLLONI et al., 2021; MASSARI & GIANNOCCARO, 2021;
CASTELLI & BRUN, 2010), makes it reductive to consider pack-
aging as an isolated design object. It functions simultaneously
as a practical device and a systemic node, whose design choic-
es influence products, users, infrastructures, and the broader
socio-environmental system. Adopting a systemic approach to
packaging design is therefore crucial for effectively transition-
ing to circular and sustainable models, since sustainable design
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requires consideration of the interdependencies that shape the
entire system.

Systemic Design extends beyond the level of individual prod-
ucts or services, encompassing the broader context in which
they are produced, used, and disposed of, thereby considering
the entire life cycle. It addresses large-scale, multi-organisation-
al, and interconnected challenges within supply chains (JONES,
2014). By reimagining traditional linear supply chains as open,
interconnected systems, Systemic Design promotes continuous
flows, where outputs from one process serve as inputs for an-
other, mirroring the circularity of natural ecosystems. Collab-
oration and synergy among diverse stakeholders help not only
to reduce resource waste and emissions, but to pave the way for
long-term, sustainable transformation (BISTAGNINO, 2011).
The key point is that incremental improvements to single
components are insufficient; sustainability requires integrat-
ed interventions across all nodes and relationships within the
system. A systemic perspective situates packaging across three
dimensions, each with distinct design implications (fig. 2).

The first dimension frames packaging as an artefact, primar-
ily designed to serve as a container. This perspective empha-
sizes the packaging’s relationship with its internal product. It
highlights its performative requirements (CIRAVEGNA, 2010),
such as resistance to shocks, protection against physical, chem-
ical, or microbiological threats, and storage stability ensured
by dimensional optimisation, volume reduction, and secure
closure (BADALUCCO, 2011). The challenge here is maintaining
product integrity and usability while minimising resource use.
Structural optimisation, modularity, and material efficiency
reduce waste without compromising performance. Designers
must account for environmental conditions at every supply
chain step: from manufacturing, transport, and storage to re-
tail and disposal. For instance, temperature-sensitive products
require packaging that preserves stability during long-distance
shipping and variable climates. Material choice, weight, and
shape influence product preservation and logistics efficiency,
reducing emissions and facilitating handling. Innovations such
as smart features or aseptic technologies can actively monitor
product integrity and alert stakeholders to deviations along the
supply chain.
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The second dimension addresses packaging and its multiple
users along the supply chain, not just the end consumer. There-
fore, it must meet operational requirements that facilitate han-
dling, transport, opening, resealing, dispensing, and disposal.
This includes manufacturers and assemblers integrating pack-
aging into production flows, logistics operators managing stor-
age and distribution, retailers displaying products, and waste
managers overseeing recycling. The rise of multi-stakeholder
logistics networks, particularly under the pressures of e-com-
merce and same-day delivery, requires packaging to adapt to
new operational dynamics. The “Physical Internet” concept en-
visions modular, standardised containers that move seamless-
ly through multimodal networks, reinforcing the systemic role
packaging plays in efficient and sustainable logistics (BARBERO
& PERENO, 2020). Communicative requirements (CIRAVEGNA,
2010) are also critical: packaging must provide clear informa-
tion about the product, instructions for use, and guidance on
end-of-life options. Informative, prescriptive, persuasive, iden-
tificative, and evocative functions allow packaging to serve as
an interface for both practical instruction and brand values
(BADALUCCO, 2011).

In this dimension, the design of packaging must consider
both the product’s life and the consumer behaviour, as users are
active participants in maintaining, using, and disposing of both
products and packaging. Designers must anticipate who will
interact with the packaging at each stage—assembling opera-
tors, transporters, end-users, and recyclers—and design to fa-
cilitate handling, disassembly, and separation of multi-material
components. For example, in multi-material e-commerce pack-
aging, modular inserts can simplify product insertion, protect
items, and enable easier separation of materials for recycling or
reuse, creating circular loops.

The third and broadest dimension positions packaging with-
in the socio-technical system, encompassing normative and
environmental requirements. Normative requirements include
binding obligations such as EU Directive 97/129/EC on packag-
ing and packaging waste (EC, 1997), which standardises mate-
rial identification for recycling, and Italian Legislative Decree
No. 116/2020 (ITALY, 2020), introducing mandatory environ-
mental labelling. Voluntary standards and extended producer
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responsibility (EPR) schemes further emphasise the systemic
dimension, holding producers accountable for impacts through-
out the life cycle (EP & COUNCIL, 1994; ITALY, 2020). Environ-
mental requirements span all categories, requiring packaging
to minimise its ecological footprint across production, use,
and disposal. This means to work at design level and involves
prioritising local and renewable resources, integrating recycled
content, reducing components, designing for mono-materiality,
and enabling compostability, recyclability, or reuse (BADALUC-
€O, 2011). Designers also need to consider the infrastructure
for recycling and reuse, including take-back systems, refillable
packaging, and closed-loop frameworks, ensuring that material
flows connect all stakeholders effectively (ELLEN MACARTHUR
FOUNDATION, 2023).

From a practical standpoint, Systemic Design encourages
anticipating interactions and behaviours at each supply chain
step. Therefore, packaging can actively mediate material, ener-
gy, and information flows. Mapping supply chain stages—in-
cluding raw material sourcing, conversion, assembly, transport,
retail, consumption, and disposal—helps designers identify
opportunities for waste reduction, circularity, and reuse. For
instance, a mono-material PET beverage bottle reduces trans-
port weight, facilitates recycling, and, with proper labelling,
guides consumers toward collection schemes. Similarly, modu-
lar e-commerce packaging can be optimised to protect products,
reduce transport volume, and be returned or reused, creating
multiple circular loops.

The systemic approach demonstrates that sustainability
cannot be achieved through isolated improvements. Packaging
must be reconceived as a dynamic node within an intercon-
nected network, balancing functional and communicative roles
with compliance, usability, and environmental responsibility.
By integrating functional, communicative, normative, and en-
vironmental requirements, designers can reduce waste and eco-
logical impact while reshaping socio-technical systems toward
resilience, efficiency, and circularity. Even if the final outputisa
tangible artefact, the design process becomes a strategic tool to
align products, users, and material flows, bridging local opera-
tional realities with global sustainability goals.
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3.3. Evolution of regulatory framework in the packaging
industry

This systemic vision finds concrete expression in regulatory and
technical instruments. Guidelines and technical standards have
been developed to translate sustainability goals into measura-
ble design and production requirements aimed at the reduction
of impacts associated with packaging systems. These recom-
mendations are grounded in Life Cycle Thinking (LCT) and tar-
get interventions across the entire packaging value chain (from
design to end-of-life) while addressing the specific challenges
posed by e-commerce distribution models.

Current guidelines emphasize eco-design principles to im-
prove efficiency, reduce material use, and enhance recycla-
bility, through key strategies such as material optimization
(light-weighting); modular, stackable, and compact designs to
reduce empty space, especially in shipping; simplified packag-
ing structures to facilitate mechanical sorting and recycling;
avoidance of over-packaging and double-packaging, particularly
common in e-commerce logistics. The eco-design strategies are
strictly related to materials:

« recyclable, compostable, or reusable, in line with EU regu-
lations (e.g., single-use);

- renewable and responsibly sourced, such as FSC-certified
paper or bio-based plastics;

+ containing post-consumer recycled (PCR) content, par-
ticularly in secondary and tertiary packaging.

The European Union (EU) has developed a progressively coher-
ent policy framework addressing sustainability, packaging, and
product design. The European Green Deal (EC, 2019) represents
a significant evolution in this regard, as it adopts an integrat-
ed approach to these issues. Under the European Green Deal,
the EU has committed to achieving climate neutrality by 2050.
Packaging has emerged as a strategic policy focus due to its piv-
otal role in material consumption, waste generation, and con-
sumer engagement.

The legislative framework established in the early stages laid
the foundation for the regulatorylandscape thatisin place today.
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The Packaging and Packaging Waste Directive 94/62/EC (EP &
COUNCIL, 1994), subsequently amended by Directive 2018/852
(EP & COUNCIL, 2018), was instrumental in harmonizing na-
tional regulations pertaining to packaging management and
establishing targets for recycling and recovery. Concurrently, a
more extensive set of regulations pertaining to products came
into being. The Ecodesign Directive 2009/125/EC (EP & COUN-
CIL, 2009) and its subsequent measures addressed energy-relat-
ed products, while the REACH Regulation 1907/2006/EC (EP &
COUNCIL, 2006) and the CLP Regulation 1272/2008/EC (EP &
COUNCIL, 2008) provided safeguards on chemicals and product
safety. These frameworks established the principle of extend-
ed producer responsibility, gradually linking product design to
waste prevention and safe material use.

The policy trajectory has undergone a shift from incremen-
tal measures to systemic transformation. The Circular Econo-
my Action Plan (EC, 2020) identified packaging as a priority
sector for waste reduction, reuse promotion, and recyclability.
The Ecodesign for Sustainable Products Regulation (ESPR) (EC,
2022a; EP & COUNCIL, 2024c) expanded the scope of ecodesign
requirements beyond energy efficiency, encompassing dura-
bility, repairability, and recyclability. At the core of ESPR is the
Digital Product Passport (DPP, 2023), a system that facilitates
the exchange of lifecycle data. Smart packaging technologies,
including QR codes, NFC tags, and RFID chips, are regarded as
pivotal enablers of the DPP, facilitating the acquisition of re-
al-time data on material composition, disposal pathways, and
reuse potential.

The Packaging and Packaging Waste Regulation (PPWR) (EC,
2022b; EP & COUNCIL, 2025) is a legislative initiative that aims
to further advance these objectives. The new directive introduc-
es binding EU-wide targets for recyclability, reuse, and waste
reduction, transforming what were previously national-lev-
el obligations into harmonized requirements. Digital features
embedded in packaging directly align with the principles of the
PPWR by offering consumers guidance on proper disposal and
traceable sustainability data. This operationalizes circular econ-
omy goals. These measures are reinforced by the Directive on
Empowering Consumers for the Green Transition (EP & COUN-
CIL, 2024a) and the Right to Repair initiative (EP & COUNCIL,
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2024b), both of which underscore the significance of accessible
product information.

Complementary initiatives further illustrate the integrated
nature of EU policy. The Single-Use Plastics Directive 2019/904
(EP & COUNCIL, 2019) and the Plastic Tax, after the entry into
force in 2021 of the Own Resources Decision (COUNCIL OF THE
EUROPEAN UNION, 2020, 2021), are direct responses to the is-
sue of plastic packaging waste. Recent legislation aims to phase
out certain single-use formats by 2030 and expand deposit-re-
turn systems. In addition to the realm of packaging, a series of
horizontal measures have been implemented, including a pro-
posal for an EU Green Claims Directive (EC, 2023) and the EU
Deforestation Regulation (EP & COUNCIL, 2023). These meas-
ures have expanded sustainability requirements to encompass
supply chains and corporate communication, thereby enhanc-
ing accountability and fostering consumer trust.

National measures are in alignment with and serve to re-
inforce the objectives of the EU. Italian Legislative Decree No.
152 of 3 April 2006 (Italy, 2006) and Italian Legislative Decree
No. 49 of 14 March 2014 (ITALY, 2014) transpose EU directives
into national law. Standards such as UNI EN 13427:2005 (ENTE
ITALIANO DI NORMAZIONE [UNI], 2005a)—which transpos-
es the European standard EN 13427:2004 (EUROPEAN COM-
MITTEE FOR STANDARDIZATION [CEN], 2004a)—and UNI EN
13428:2005 (UNI, 2005b)—which transposes the European
standard EN 13428:2004 (CEN, 2004b)—provide technical re-
quirements for packaging design and establish provisions for
waste prevention through source reduction.

When considered collectively, these policies evince a discern-
ible progression (fig. 3): from the management of waste at the
conclusion of the product lifecycle to the integration of sustain-
ability at the design stage, and ultimately, to the incorporation
of digital tools that facilitate the connection of products, con-
sumers, and regulators. Consequently, packaging transitions
from being a source of environmental pressure to a catalyst for
systemic change. The Digital Product Passport, a smart technol-
ogy, facilitates a nexus between product design, consumer be-
haviour, and environmental policy, thereby serving as a pivotal
instrument in the EU’s transition to a circular and climate-neu-
tral economy.
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The rapid evolution of e-commerce calls for the adoption of
sustainable practices, beginning with the selection of packaging
that is easily recyclable, eco-friendly, renewable, and reusable.
This entails optimizing packaging usage through thoughtful de-
sign to enhance efficiency, in accordance with relevant Europe-
an directives. An important aspect of this transition is educating
customers about circular policies aimed at reusing packaging to
minimize waste. It is evident that collaboration among various
stakeholders—such as manufacturers, suppliers, and custom-
ers—is essential to create the most sustainable e-commerce
landscape possible. To promote a sustainable future and max-
imize the life cycle of packaging, it is crucial to adopt reusable
packaging systems, particularly in business-to-business (B2B)
environments and within e-commerce. Solutions like reusable
mailers with integrated return labels, refillable containers for
cosmetics and household items, and innovative closed-loop sys-
tems or packaging-as-a-service platforms not only help reduce
waste but also contribute to a greener economy.

To effectively influence consumer behaviour and encourage
responsible end-of-life management, companies should adhere
to several guidelines:

1. Implement clear environmental labelling that includes
recyclability symbols, material identification, and precise
disposal instructions. This transparency enables consum-
ers to make informed choices.

2. Utilize QR codes or digital labels to provide detailed in-
formation on sustainability performance, enhancing
trust and engagement.

3. Maintain honesty in marketing to build credibility. In
the realm of e-commerce, packaging serves as the prima-
ry physical connection between brands and consumers.
Therefore, effectively conveying sustainability efforts
through packaging is crucial for strengthening brand loy-
alty and fostering positive change.
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3.4. Packaging as an orchestrating tool: Embracing
complexity in the design process

This scenario redefines the role of design, recognising its poten-
tial as a strategic tool for navigating the increasingly complex
paradigms of transition. Contemporary awareness of the inter-
woven nature of societal challenges has highlighted that each
must be understood as a wicked problem (RITTEL & WEBBER,
1973). In this light, designers can no longer approach sustain-
ability by addressing isolated dimensions, be they environmen-
tal, social, political, or economic. These domains are deeply in-
terconnected, and design interventions must be situated with-
in an integrated framework in which every decision generates
ripple effects across multiple scales. Within this complexity,
Systemic Design provides both an interpretative and operative
lens, enabling designers to move beyond reductive notions of
efficiency or optimisation and instead embrace interdependen-
cies as opportunities for innovation and transformation.

This shift changes how designers engage with practice. Tra-
ditionally, design focused on tangible artefacts such as products
and services. While the material dimension remains signifi-
cant, systemic transitions require a repositioning of priorities.
Designers are increasingly called upon to operate within an ex-
panded field, shifting from the tangible to the intangible, from
the material to the relational. Central, therefore, is not merely
the object itself but the network of relations it generates and
sustains along the entire supply chain. In this sense, packag-
ing emerges as a relational device: mediating between pro-
ducers and consumers, logistics operators and retailers, waste
managers and recycling infrastructures. Its material attributes,
composition, structure, and labelling are not only functional in
protecting the product but also instrumental in enabling flows
of matter, energy, and information throughout socio-technical
systems. Conceived in this way, packaging is no longer the end-
point of production but becomes a connective node and a cata-
lyst for stakeholder collaboration.

Such a perspective transforms packaging into a medium of
systemic value creation. Designing a package is no longer limit-
ed to its form or material selection. However, it extends to de-
signing the relationships it facilitates: its integration into indus-
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trial processes, its performance within distribution networks,
its communicative role for users, and its capacity to re-enter the
cycle at end-of-life. The design process thus becomes strategic,
aligning micro-level decisions with macro-level objectives and
bridging local operational realities with global sustainability
agendas. Framed as an infrastructural element rather than a
mere container, packaging shapes socio-technical systems that
are more resilient, circular, and responsive to ecological and so-
cietal demands.

Within this landscape, the regulatory framework assumes
a decisive role. Regulations translate sustainability objectives
into measurable requirements, compelling designers to embed
life-cycle thinking, traceability, and circularity into their prac-
tice. Recent European and national initiatives exemplify this
reorientation. As illustrated by the Ecodesign for Sustainable
Products Regulation, the focus is shifting from waste manage-
ment and end-of-life considerations towards design-stage in-
terventions. At the same time, instruments such as the Digital
Product Passport extend responsibility across the entire sup-
ply chain, underscoring that sustainability must be pursued at
every stage of a product’s life cycle rather than confined to its
use phase. Far from constituting restrictive impositions, such
frameworks should be understood as opportunities for inno-
vation, stimulating the integration of digital technologies, sys-
temic strategies, and collaborative approaches into packaging
design. In this perspective, compliance becomes a driver of ex-
perimentation, generating solutions that reconcile ecological
responsibility with competitiveness and usability.

Finally, Systemic Design situates packaging at the intersec-
tion of material and immaterial dimensions, positioning arte-
facts as vehicles for relational and ecological transformation.
The designer’s task becomes that of orchestrating interactions
among diverse actors, infrastructures, and contexts, ensuring
that packaging fulfils its immediate protective and communica-
tive functions and its role in enabling broader societal transi-
tions. This change of perspective calls for recognising complex-
ity as an essential ingredient of the design process, enabling
designers to leverage local interventions without losing sight of
broader global objectives.
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4. PACKAGING IMPACTS: FROM ASSESSMENT METHODS
AND TOOLS TO DESIGN STRATEGIES

Caterina Antonia Dattilo, Massimo Delogu, Veronica Pasini, Lisa Filippini,
Martina Spinelli

Abstract: Designing sustainable and circular packaging in-
volves a thorough evaluation of environmental, economic, and
social aspects throughout the entire life cycle. This chapter pro-
vides an overview of various approaches and tools that assist
designers in assessing impacts and translating those results into
effective strategies. It begins with a discussion of quantitative
methods, such as Life Cycle Assessment (LCA) and Life Cycle
Costing (LCC), which are useful for measuring material, logis-
tical, and performance elements of packaging. Next, it explores
qualitative perspectives, including Social Life Cycle Assessment,
which offers insights into cultural, ethical, and experiential val-
ues. By integrating these different dimensions, the Life Cycle
Sustainability Assessment framework emerges as a comprehen-
sive approach to guide design decisions. The chapter includes
a survey of methods and tools currently in use, showcasing a
variety of resources ranging from sector-specific calculators to
participatory toolkits and digital platforms. Finally, the chap-
ter presents a set of principles for sustainable packaging design,
highlighting their importance in mediating among stakehold-
ers, aligning design practices with regulations, and supporting
the transition toward more circular and responsible packaging
systems.

Keywords: impact assessment, packaging sustainability, Life
Cycle Assessment, circular design, integrated approach.
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4.1. Measuring packaging sustainability through quantitative
methods

A comprehensive evaluation combining quantitative and qual-
itative methods is essential. It ensures packaging is effective,
efficient, and sustainable, and aligns with commercial, techni-
cal, and communication objectives. These approaches facilitate
informed decision-making and enhance the overall impact of
design strategies.

Quantitative assessment uses numerical and measurable
analyses to evaluate various aspects of packaging (VERGHESE et
al., 2012). This process considers critical factors such as material
choices, production methods, transportation logistics, storage
conditions, and disposal options. One key component of this
assessment is Life Cycle Assessment (LCA) (INTERNATIONAL
ORGANIZATION FOR STANDARDIZATION, 2006a; 2006b), which
examines the environmental impact throughout the product’s
entire life cycle, from the initial design phase to production,
transportation, storage, and eventual disposal. Additionally,
Life Cycle Costing (LCC) (INTERNATIONAL ORGANIZATION FOR
STANDARDIZATION, 2019) evaluates the economic implications
associated with these stages. By integrating insights from both
LCA and LCC, businesses can develop packaging solutions that
are not only effective and efficient but also promote sustaina-
bility and support a circular economy. This holistic approach en-
sures that decisions balance environmental responsibility with
cost-effectiveness, leading to more informed choices (STRA-
MARKOU et al., 2022).

In addition, it is crucial to assess both logistical efficiency
and mechanical performance when designing packaging solu-
tions. Logistical efficiency encompasses several key factors,
including the weight of the container, its dimensions, and the
ability to stack multiple packages without compromising stabil-
ity. These considerations are vital for optimizing space during
transportation and minimizing shipping costs, which can sig-
nificantly impact overall project budgets. On the other hand,
mechanical performance refers to durability and resilience. This
includes the capacity to endure impacts during handling, com-
pression from stacking, and exposure to humidity, which can
affect the integrity of the contents. By thoroughly examining
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these aspects, one can ensure that the product is well-protected
throughout its journey from manufacturer to end user. Such de-
tailed attention to both efficiency and performance guarantees
that packaging both meets logistical requirements and safe-
guards the product effectively.

Sustainability also includes social and ethical dimensions,
reflecting a qualitative perspective through Social Life Cycle
Assessment (S-LCA) (INTERNATIONAL ORGANIZATION FOR
STANDARDIZATION, 2024). In this context, Life Cycle Sustain-
ability Assessment (LCSA) has emerged as a robust and inte-
grative framework for evaluating sustainability in products and
processes, as it combines LCA, LCC, and S-LCA. In the packag-
ing industry, using analytical tools offers a valuable opportuni-
ty to understand the differences between traditional methods
and those designed specifically for e-commerce. These resourc-
es enable an in-depth assessment of various trade-offs, such as
the increase in carbon emissions associated with transportation
logistics, compared to the significant reduction in waste gener-
ated at the retail level. This detailed analysis allows for more in-
formed decision-making regarding sustainable packaging prac-
tices and their environmental impacts.

Two principal approaches to LCSA have been proposed. The
first, suggested by Kloepffer (2008) and Finkbeiner (2010),
extends the traditional ISO-based LCA methodology by in-
corporating economic and social dimensions, in line with the
“triple bottom line” paradigm. The second, introduced by
Guinée et al. (2011), presents an integrated conceptual frame-
work that systematically expands conventional LCA to include
socio-economic aspects, thereby facilitating multi-level and
cross-dimensional analysis. Both approaches expand sustain-
ability assessment beyond environmental impacts to include
economic and social dimensions, but they differ in conceptu-
al structure and modelling strategies. The LCSA analysis ap-
proach, proposed by Kloepffer (2008) and Finkbeiner (2010),
integrates life cycle inventory and impact assessment within a
unified modelling phase, rendering it particularly suitable for
system-level analyses. In contrast, the LCSA assessment ap-
proach, presented by Guinée et al. (2011), is more effectively
applied at the product level, where discrete sustainability per-
formance metrics are required.
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It is important to recognize that LCA, LCC, and S-LCA differ
in methodological development, data availability, and analyti-
cal maturity. These discrepancies require methodological align-
ment and tailored considerations to ensure coherent sustaina-
bility assessment. Significant methodological challenges persist
across various stages of LCSA, including the definition of goal
and scope, the selection of appropriate indicators, and the inte-
gration and interpretation of results. For instance, the identi-
fication of suitable indicators for the social dimension remains
a particularly complex issue due to the absence of standardised
selection criteria (ZANCHI et al., 2021).

Following the identification of methodologies for assessing
impacts across the three pillars of sustainability (environmen-
tal, economic, and social), it becomes particularly relevant to in-
vestigate their application within the packaging sector. To this
end, a review of 25 peer-reviewed publications (FUTURE-PACK,
2024) revealed that LCA is the most frequently discussed top-
ic (14 mentions), followed by LCSA (9 mentions); in contrast,
S-LCA and LCC are rarely addressed, with only one mention
each. The analysis of application fields shows that food pack-
aging is the most recurrent sector across multiple topics, espe-
cially LCA and LCSA, followed by the fashion industry. Though
other sectors are less frequently studied, they contribute to the
diversity of the research landscape.

From a temporal perspective, publications increased steadily
from 2000 to 2021, with a peak in 2021. A slight decline in pub-
lications is noted from 2021 to 2023. Geographically, Italy and
Canada are leading contributors. Italian research focuses large-
ly on food packaging and automotive, while Canadian studies
span all major categories. The fashion industry is addressed in
various countries, including Australia, Austria, Canada, Swe-
den, and the UK. Scientific journals are the dominant publi-
cation type, accounting for 72% of the analysed works. These
journals primarily focus on LCA, particularly in food and fash-
ion sectors. The LCSA method is gaining traction across multi-
ple fields, reflecting its potential as an integrated approach to
sustainability assessment (FUTURE-PACK, 2024).
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4.2. Methods and tools for assessing packaging
sustainability

Quantitative methods with standardised metrics can be inte-
grated with qualitative tools during the design and evaluation
phases to strengthen analysis. Qualitative evaluation (e.g.,
S-LCA) explores subjective nuances that numbers alone cannot
capture. This perspective is crucial, as it relates to the allure and
visual storytelling of a product. Packaging often represents a
brand’s first impression on the consumer, making it vital to in-
vest in thoughtful, distinctive designs and a robust brand iden-
tity. These elements serve a dual purpose for manufacturers;
they not only express the brand’s core values (including envi-
ronmental sustainability, luxury, and artisanal craftsmanship)
but also elevate the overall user experience (LINDH et al., 2016).
Well-designed packaging can foster customer satisfaction and
pave the way for deeper brand loyalty. Moreover, for packag-
ing to truly resonate, it must excel in ergonomics and usability.
Consider how effortlessly it can be opened, securely closed, and
comfortably held. Each tactile interaction forms a critical part
of the consumer experience. Finally, regulatory and cultural nu-
ances must also be considered, ensuring that packaging aligns
with legal standards and resonates appropriately with regional
symbols, colours, and messaging. These factors are not just de-
tails; they are the threads that weave a compelling narrative for
both the brand and its consumers.

Mixed quantitative-qualitative approaches aim to integrate
these dimensions, generating contextual and cross-disciplinary
insights that embrace the inherent complexity of packaging de-
sign. Compared to purely numerical methods, these hybrid tools
offer enhanced flexibility, contextual sensitivity, and interpre-
tative depth. They reinforce co-design processes by actively en-
gaging stakeholders, supporting the development of more con-
textually appropriate and collectively defined solutions. Rather
than seeking definitive or universally applicable answers, such
tools are intended to elicit multidimensional frameworks, pro-
mote reflective judgement, and foster more responsible innova-
tion practices.

Within this framework, an in-depth analysis was conducted
on 112 case studies of methods and tools used in packaging de-
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sign and evaluation. The selected sample includes 59 cases de-
veloped specifically for packaging analysis and 53 derived from
broader design domains, adaptable to sustainability and inno-
vation-oriented contexts. The former are primarily focused on
quantifying tangible impacts, particularly those associated with
environmental and economic performance (e.g., carbon foot-
print of materials and processes, component recyclability, logis-
tical efficiency, and end-of-life scenarios). The latter support
decision-making throughout the entire design process, with a
focus on intangible impacts such as consumer perception, brand
coherence, ethical values, aesthetic quality, and stakeholder en-
gagement. These aspects are particularly relevant to defining
desirability, usability, and social acceptance, especially in highly
symbolic and rapidly evolving sectors, such as food, cosmetics,
fashion, and e-commerce.

The identified methods and tools are characterised by high
heterogeneity and typological diversity. Available in analogue,
digital, or hybrid formats, they include a broad range of opera-
tional solutions, including toolkits, guidelines, software appli-
cations, digital platforms, checklists, and other design support
mechanisms. Their application spans the full design life cycle,
from exploratory and conceptual stages to execution and im-
plementation. Their adoption is driven by various operational
aims: supporting design development, critically evaluating de-
sign alternatives, communicating outcomes, and, complemen-
tarily, informing and sensitising involved stakeholders. These
functions are supported by diverse modes of use and interac-
tion: tools may be static, dynamic, or interactive; intended for
individual or collaborative use; and equipped with interfaces
that vary in terms of accessibility and complexity. A further
distinctive parameter lies in the adopted communicative regis-
ter, which may range from technical-scientific formats aimed at
rigorous data analysis and validation, to more educational or
dissemination-focused modes intended to reach broader audi-
ences. According to their intended objectives, these methods
and tools generate a variety of outputs, including quantitative
data, simulations, conceptual maps, analytical reports, interac-
tive games, and participatory formats.

Taken together, these characteristics contribute to outlining
the potential positive impact of such tools across environmen-
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tal, social, and economic dimensions. In some cases, a high de-
gree of sectoral or material specialisation is evident, with tools
specifically designed for certain application contexts or materi-
als with technical properties. Within this evolving methodolog-
ical landscape, several trajectories are emerging that are reshap-
ing the role and potential of tools supporting packaging design
and impact assessment. A clear trend is the growing integration
of technological, participatory, and systemic dimensions.

Digital transformation represents one of the main drivers
of change. The adoption of online platforms, simulators, inter-
active repositories, and collaborative software enhances both
the accessibility and effectiveness of methodological resources,
facilitating decision-making through the dynamic integration
of visual content, data, and feedback. PackExpert, developed
by Smurfit Kappa,® is a tool that enables the virtual simulation
of optimised logistics scenarios, helping to reduce waste and
minimise errors across the supply chain. Similarly, tools used in
digital design, such as Figma,? are increasingly repurposed for
packaging contexts, offering advanced real-time collaborative
prototyping capabilities.

Another strategic direction involves strengthening co-de-
sign processes and actively engaging stakeholders. Many tools
adopt a modular, flexible, and scalable structure, designed to
facilitate interaction among designers, users, clients, and local
communities. The Community Branding Co-Design Toolkit? en-
courages the emergence of shared visions through structured
collaborative pathways. Similarly, more narrative and visual ap-
proaches, such as Design the Life You Love,* focus on emotional
and creative engagement, fostering in-depth reflection on the
values and expectations of those involved.

Design flexibility is another key dimension. Many tools are
conceived to adapt to various contexts, sectors, and levels of
complexity. Innovation Tactics,” for example, offers a broad set
of techniques applicable across different scenarios, supporting
ideation and tailoring solutions to specific operational needs.
Their modular configuration enables independent or integrated
use, facilitating their incorporation into broader and non-linear
workflows.

Beyond supporting design decisions and generating alterna-
tives, many tools play a key role in structuring and document-
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ing design processes. For instance, Packaging Design Archive®
at the Politecnico di Milano provides a structured collection
of case studies and visual references, supporting comparative
analysis and the dissemination of best practices. Similarly, the
Packaging Innovation Observatory’ at the University of Bolo-
gna (see Chapter 2), in addition to offering a database of inno-
vative packaging projects, promotes a sustainability-oriented
innovation culture by fostering dialogue between academic re-
search, industry, and education.

A further expanding domain concerns the shift towards sys-
temic sustainability. This encompasses environmental consid-
erations (such as improved recyclability or waste reduction),
as well as social and economic implications. Tools like Circular
Packaging Assessment Tool® and RecyClass? offer methodolog-
ical frameworks and practical guidelines for evaluating materi-
als, processes, and end-of-life strategies, aligning design devel-
opment with circular economy principles.

Equally relevant is the increasing sectoral and material spec-
ificity of many tools. Some are explicitly designed to meet the
requirements of highly regulated or fast-moving sectors, for ex-
ample food, cosmetics, fashion, or e-commerce, or to evaluate
materials with specific technical and regulatory characteristics,
such as plastics, paper, glass, or textiles. In this regard, Osserva-
torio Packaging del Largo Consumo (Large-Scale Retail Packaging
Observatory)'® and IdentiPack'! provide updated benchmarks,
trend scenarios, and regulatory monitoring tools that support
strategic design decisions.

The diversity and richness of the tools analysed reflect the
growing complexity and interdisciplinarity of contemporary
packaging design, as well as the urgent need for comprehensive,
accessible, and adaptable methodological approaches. There-
fore, the integration of quantitative and qualitative dimensions
enhances the capacity to assess both tangible and intangible
impacts, promoting a systemic, participatory, and reflective ap-
proach to innovation in packaging. These tools should not be
regarded as mere operational supports but as strategic media-
tors capable of guiding practices, aligning values, and facilitat-
ing the transition towards more sustainable design models.
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4.3. Design principles for circular and sustainable packaging

The progressive integration of quantitative and qualitative
methods for impact assessment, as previously outlined, pro-
vides the basis for defining criteria that steer packaging towards
sustainability and circularity. Metrics and tools enable perfor-
mance measurement, whereas these criteria operate as frame-
works that translate analytical outcomes into actionable design
strategies. Historically, such principles have evolved alongside
shifts in design thinking. Early approaches, rooted in eco-effi-
ciency during the 1990s (SCHMIDHEINY, 1998; SCHALTEGGER,
1990; DESIMONE & POPOFF, 2000), emphasised material re-
duction and process optimisation. The diffusion of life cycle
thinking in the 2000s introduced strategies such as design for
recycling and design for disassembly (ZUSSMAN et al., 1994; FAvI
& GERMANI, 2014), broadening the scope to include end-of-life
scenarios (FIGGE & HAHN, 2004; KRAJNC & GLAVIC, 2003). The
rise of the circular economy in the 2010s expanded this vision
(ZHu et al,, 2022; HELLWEG & MILA I CANALS, 2014), encour-
aging practitioners to situate packaging within wider industri-
al and socio-technical ecosystems, where consumer perception
and emotional engagement became critical to acceptance.
Today, under frameworks such as Transition Design (IRWIN,
2015; 2018) and Industry 5.0 (XU et al.,, 2021), design criteria
are increasingly systemic and anticipatory, integrating environ-
mental, economic, and social considerations with the aim of en-
abling long-term transformation. Within this trajectory, design-
ing sustainable packaging requires more than the adoption of
environmentally friendly materials or the reduction of produc-
tion impacts. It implies the definition of reference frameworks
capable of guiding decision-making throughout the entire life
cycle of packaging, from conception to end of life (PATHAN &
AURISICCHIO, 2025). In this sense, these principles operate as
translation devices within a conceptual framework, guiding the
interpretation of assessment outcomes and their application in
design decisions (LIU et al., 2023). Quantitative tools such as
LCA or carbon footprint analyses provide measurable evidence
of performance, enabling comparison and priority-setting. At
the same time, qualitative approaches, focused on user percep-
tion, cultural meaning, or emotional response, reveal aspects
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that numbers alone cannot capture but that are decisive for ac-
ceptance and long-term success (VIGLIA et al., 2013).

Regulatory frameworks actively support this approach. The
EU’s recently enacted Packaging and Packaging Waste Regulation
(PPWR) (EUROPEAN PARLIAMENT & COUNCIL OF THE EUROPE-
AN UNION, 2025) establishes mandatory requirements across
the entire packaging life cycle. By 2030, all containers placed on
the EU market must be designed for recyclability, incorporate
minimum shares of recycled content, avoid unnecessary layers
and harmful substances, for example PFAS, and promote reuse
and refill systems, as well as transparent labelling to facilitate
effective consumer sorting and awareness.

The convergence of these perspectives fosters the emergence
of quali-quantitative design criteria (KRIPPENDORFF, 2006), as
demonstrated by the case studies analysed, marking a shift
from isolated metrics to systemic evaluation. Packaging is no
longer understood as a static container, but as a dynamic in-
terface between product and consumer, industry and environ-
ment, regulation and market (CIRAVEGNA, 2010; CIRAVEGNA,
2017). In this context, design principles ensure that sustaina-
bility is not viewed as an external constraint or an afterthought;
instead, it becomes an intrinsic quality of the packaging system.
This means that environmental and social considerations are
integrated from the outset of the design process, influencing
materials, functions, and interactions consistently. At the same
time, sustainability is conceived as an anticipatory quality, in
the sense that design decisions are both responsible for current
requirements and oriented towards future scenarios, adapting
to evolving regulations, emerging user behaviours, and long-
term ecological challenges.

A concrete example of how such design principles can be op-
erationalised is provided by the Guidelines for facilitating the re-
cycling of steel packaging,"> developed within the Progettare Rici-
clo initiative promoted by CONAI (see Chapter 2). Conceived
as a meta-design tool (CIRAVEGNA et al., 2024), these guidelines
do not prescribe ready-made solutions but offer a structured
framework that helps designers and companies verify, compare,
and align their decisions with sustainability objectives. Their
development was characterised by a strong collaborative dimen-
sion, involving the Advanced Design Unit* of the University
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of Bologna, RICREA consortium,” and ANFIMA association,
thereby ensuring the active participation of different actors
along the steel packaging value chain. To support implemen-
tation, a checklist was created as an operational device, trans-
lating complex assessment outcomes into a set of practical and
understandable questions (ranging from material selection and
logistics optimisation to recyclability and consumer usability).

Therefore, the guidelines serve as a cognitive bridge and rep-
resent an evolution of the concept of boundary objects (STAR &
GRIESEMER, 1989; VINCK, 2011). They facilitate collaboration
among diverse stakeholders by presenting sustainability chal-
lenges and introducing new design criteria. This statement un-
derscores the critical importance for designers to employ qual-
itative assessment tools that effectively capture cultural mean-
ings, user perceptions, and relational dynamics—elements that
quantitative metrics may overlook. By doing so, we can develop
packaging solutions that are both technically sustainable and
socially meaningful. Building on these examples, another tool
worth mentioning is the sustainability assessment framework
developed at the Politecnico di Torino and applied in design
education in the course Requisiti ambientali del prodotto, which
was developed in the context of the Osservatorio Eco-Packaging
(OEP) (BARBERO & TAMBORRINI, 2018). Conceived as a peda-
gogical framework, it enables the evaluation and comparison of
designed solutions of the same type by integrating quantitative
indicators, such as material efficiency, recyclability rates, or car-
bon footprint, with qualitative assessments concerning usabili-
ty, communicative clarity, and perceived value.

This dual perspective moves beyond approaches that rely ex-
clusively on numerical metrics or user perceptions taken in iso-
lation, providing a more comprehensive understanding of pack-
aging performance (VICENTE & CAMOCHO, 2024). The frame-
work considers packaging across its entire life cycle, assessing
recycling potential and resource efficiency, while also acknowl-
edging its communicative role by highlighting the importance
of end-of-life information, message clarity, and environmental
certifications. The synthesis of these observations facilitates
comparative evaluations of different solutions, grounding de-
sign decisions in both empirical evidence and qualitative in-
sights and making trade-offs more transparent.
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The adoption of tools such as sustainability guidelines,
checklists, or evaluation matrices highlights both the strengths
and limitations of meta-design tools in packaging innovation.
Operational clarity is one of the most appealing advantages, as
it allows abstract sustainability goals to be translated into clear
and verifiable questions. This provides designers and compa-
nies with a straightforward roadmap. To achieve this, a shared
language is essential; it enables stakeholder alignment, reduc-
es misunderstandings, and promotes interdisciplinary collab-
oration. Another crucial aspect is scalability and replicability,
which ensure broad accessibility for companies. Additionally,
these tools contribute to organizational learning by raising sus-
tainability awareness throughout the supply chain.

However, there are risks associated with these tools. They
can oversimplify complex assessments, potentially obscuring
systemic interdependencies. This may lead to context depend-
ency, making it difficult to capture industry-specific or cultural
variables. Furthermore, the rapid evolution of packaging sus-
tainability presents a challenge, as the static nature of these
tools can quickly become outdated if not regularly reviewed.
From a meta-design perspective, the advantages and limita-
tions of sustainability tools highlight the importance of view-
ing them not as rigid prescriptions but as flexible frameworks.
Their true value lies in fostering reflection, facilitating dialogue,
and guiding design choices, all while remaining adaptable to it-
eration, contextualisation, and integration with more advanced
qualitative and quantitative assessment methods. Consequent-
ly, the challenge for designers is to incorporate these tools into
their practice. By leveraging qualitative and quantitative assess-
ments, designers can navigate complexity, mediate among var-
ious stakeholders, and actively help position packaging as a key
driver of sustainable transition.

4.4. From impact assessment to design strategies

A detailed and systematic evaluation of packaging design, which
integrates quantitative metrics and qualitative insights, is cru-
cial for achieving multiple objectives. This evaluation ensures
that packaging is not only effective in preserving and protect-

Caterina Antonia Dattilo, Massimo Delogu, Veronica Pasini, Lisa Filippini, Martina Spinelli



4. Packaging impact assessment

ing products but also efficient in minimising waste and resource
consumption. Additionally, it should be sustainable, consider-
ing environmental impacts and recyclability. Moreover, it is es-
sential to align packaging with commercial goals (such as brand
recognition, marketability, and customer preference), technical
specifications regarding production and functionality, and com-
munication objectives that convey key messages to consumers.
Using these varied approaches allows companies to make in-
formed decisions that enhance their packaging strategies, ulti-
mately maximising their impact in the market and ensuring a
better experience for the consumer. This approach fosters loyal-
ty and encourages repeat purchases.

Rettie and Brewer (2000) state that 73% of purchase deci-
sions are made at the point of sale. When scanning packaging
at this stage, perceptions occur rapidly, making quick recogni-
tion crucial for decision-making. Research indicates that ver-
bal stimuli are more effectively processed when perceived on
the right side, while nonverbal stimuli are better understood
when seen on the left. This advantage likely stems from the
brain’s lateralisation; the left hemisphere generally handles
word processing, whereas the right is more adept at process-
ing visual information. Lombardi et al. (2024) examine the
factors influencing packaging selection, emphasising the role
of emotions among a representative sample of Italian consum-
ers. Emotions significantly shape consumer intentions and
behaviours, suggesting that marketing strategies should tar-
get consumers’ emotional responses. These strategies should
also address cognitive concerns and highlight the benefits of
sustainable packaging.

Author role acknowledgement: This chapter is the result of
a collective effort by all Authors. Specific contributions are ac-
knowledged as follows: Section 4.1. was authored by C. A. Dat-
tilo and M. Delogu; Section 4.2. by C. A. Dattilo and L. Filippini;
Section 4.3. by V. Pasini and M. Spinelli; Section 4.4. by C. A.
Dattilo.
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Notes

* https://www.smurfitkappa.com/it/innovation/tools/packexpert

? https://www.figma.com/

® https://www.figma.com/community/file/1084513568357198052

* https://www.aysebirsel.com/book

° https://pipdecks.com/products/innovation-tactics?srsltid=AfmBOoqvr9l-
RpN8uaAiWJZ1b8RCWUZ5gBwDfJ1PSF8K4ieE_HsH-GUEo

& https://adu.unibo.it/osservatoriopack/

7 http://www.packagingdesignarchive.org/

8 https://recyclingpartnership.org/circular-packaging-assessment/

? https://tool.recyclass.eu/it

1% https://www.nomisma.it/soluzioni/ricerca/osservatori-on-demand/osser-
vatorio-packaging-consumo

1 https://osservatorioidentipack.it

2 https://www.progettarericiclo.com/en/docs/guidelines-facilita-
ting-recycling-steel-packaging

3 https://www.progettarericiclo.com/
 https://site.unibo.it/advanceddesignunit/

5 https://www.consorzioricrea.org/en/

6 https://anfima.it/en/anfima-en/
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5. SMART PACKAGING: INTEGRATED SOLUTIONS
FOR CIRCULAR AND SUSTAINABLE INNOVATION

Erik Ciravegna, Silvia Barbero, Sara Battistini, Mariapaola Puglielli,
Camilla Sartor, Martina Spinelli

Abstract: Smart packaging is redefining the role of packaging
as an active, intelligent, and connected interface mediating re-
lations among products, people, and ecosystems. Drawing on
research and experimentation within the FuturE-Pack project,
it is presented through conceptual definitions and mapped re-
sponsibilities that expand traditional functions to meet broader
social, environmental, and systemic demands. Building on this
framework, smart packaging integrates advanced devices, such
as sensors, indicators, data carriers, emitters, absorbers, func-
tional agents, barriers, and temperature control systems, with
core digital technologies, including Al, IoT, blockchain, cloud
computing, big data, immersive environments, 5G, and produc-
tion-related solutions such as additive manufacturing and ro-
botics. These technologies extend packaging functions beyond
containment and protection to ensure safety, authenticity,
traceability, accessibility, and engagement, while enabling circu-
lar practices across the entire value chain. Applications analysed
across eight domains (product, brand, supply chain, point of
sale, end user, society, territory, and environment) are illustrat-
ed through case studies that show both practical implementa-
tions and systemic value in fostering inclusivity and reinforcing
territorial identity. Alongside major opportunities, challenges
remain around recyclability, interoperability, implementation
costs, and ethical issues related to data and digitalisation. Pur-
pose-driven design is essential to balance these benefits and
limitations. Only through such an approach can smart packag-
ing support circular and ethical transitions, while also advanc-
ing a transparent, inclusive, and sustainable packaging culture.

Keywords: smart packaging, enabling technologies, design re-
sponsibilities, Circular Economy, ethical innovation.
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5.1. Smart packaging: General overview

Amid rapid technological change, environmental degradation,
and increasing social complexity, the packaging sector is under-
going a structural transformation. Where innovation meets re-
sponsibility, smart packaging has emerged as a strategic lever to
rethink the meanings, roles, and impacts of packaging systems
from a systemic perspective. This chapter examines smart pack-
aging through its definitions, typologies, technological com-
ponents, application domains, and critical issues. It builds on
research and experimentation within the FuturE-Pack project
and integrates insights from broader scientific and professional
discourse.

According to ISO 6608-1:2024, smart packaging is “a general
term to describe a large category of packaging that leverages
technology to provide enhanced functionality that goes beyond
simply housing a product” (INTERNATIONAL ORGANIZATION
FOR STANDARDIZATION, 2024, p. V). These solutions integrate
advanced chemical, physical, electronic, and digital technol-
ogies to monitor the condition of products and improve their
durability, quality, and safety; to facilitate transparent informa-
tion exchange between stakeholders across the supply chain; to
enhance user experience from purchase to post-consumption;
and to support sustainable behaviours and the adoption of cir-
cular strategies.

Smart packaging refers to a broad set of solutions that ex-
ceed traditional roles of containment, protection, transport,
and presentation. The three main typologies are described be-
low. They are not mutually exclusive and often coexist in hybrid
solutions. The distinction lies in their functions, while enabling
technologies operate across all typologies (fig. 1).

« Active packaging interacts with the internal environment of
the package to extend shelf life, preserve quality, and ensure
safety. It is mainly applied in food and pharmaceutical con-
texts and integrates components such as absorbers (oxygen,
carbon dioxide, or moisture), scavengers (e.g., ethylene),
emitters (gas or vapour), functional agents (antimicrobial
or antioxidant), barriers (e.g., UV protection), and systems
for active heating or cooling.
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« Intelligent packaging focuses on monitoring and communi-
cation. It includes sensors that detect humidity, tempera-
ture, gas concentration, or movement, and indicators that
translate chemical or physical signals into visible chang-
es, such as colour-shifting inks. It may also integrate data
carriers such as barcodes, QR codes, RFID, or NFC tags to
provide additional product information.

Connected packaging provides real-time information
through interactive digital technologies and internet con-
nectivity. It enables transparent information exchange
among supply chain actors and between brands and end
users, enriching product interaction and engagement.
Typical components include QR codes, RFID or NEC tags,
and other digital tools that give access to certifications,
multimedia content, or online platforms.

Beyond these categories, intelligent and connected packaging can
incorporate advanced components such as GPS trackers, elec-
tronic displays, Bluetooth tags, and digital watermarks. These el-
ements are supported by a set of core technologies central to dig-
ital transformation: 5G connectivity, immersive environments,
blockchain, big data, cloud computing, Artificial Intelligence (AI),
Machine Learning (ML), and the Internet of Things (IoT).

When combined with packaging-specific innovations, these
technologies turn packaging into aresponsive and communicative
interface, able to sense, process, and share information through-
out its lifecycle. Packaging is no longer a passive container but an
intelligent node in industrial, logistic, social, and environmental
ecosystems. This shift represents a fundamental evolution: from
static support to dynamic mediator between product, user, and
context, consistent with the systemic view of packaging as both
cultural and ecological interface. It also highlights broader re-
sponsibilities and emerging needs for packaging design.

5.2. Design responsibilities and emerging needs
Smart packaging is not defined solely by its technological com-

ponents, but by the range of real-world needs it addresses
across multiple domains of impact and responsibility. Based on
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a theoretical framework of packaging responsibilities originally
developed by Ciravegna (2022) and later expanded within the
FuturE-Pack project, thirty-three distinct needs have been iden-
tified and articulated across eight macro-categories. Each corre-
sponds to a key area of packaging responsibility.

« At the product level, smart solutions address needs such
as accurate identification and digital representation of
product characteristics, monitoring of environmental con-
ditions, control of quality and integrity parameters, pro-
tection against tampering and theft, and optimisation of
product preservation and shelf life.

+ In relation to the brand owner and the broader brand sys-
tem, smart packaging strengthens brand communication
and customer loyalty and offers reliable anti-counterfeit-
ing solutions.

« Within the supply chain, digital technologies support time-
ly and informed decision-making, enable precise tracking
and traceability, and foster optimisation in production,
converting, logistics, storage, and last-mile delivery.

« At the point of sale, smart packaging facilitates shelf plan-
ning and restocking, simplifies and dematerialises sales
operations, and enhances the retail experience.

« Focusing on end users, smart packaging promotes accessi-
bility and encourages engagement through gamification
and reward systems. It also improves the unboxing expe-
rience and provides clear instructions for use, reuse, and
end-of-life management. In addition, it supports on-the-
go consumption and facilitates product return and resale.

« From the society perspective, smart packaging enables ac-
cess to information about the social impacts of products
and raises awareness of issues such as diversity, equity, and
inclusion.

+ Regarding territory implications, smart packaging rein-
forces the recognition of Made in Italy certifications and
promotes local production systems and identities.

« Concerning the environment, smart packaging aligns with
the circular economy framework, which outlines the hi-
erarchical “R-strategies” (MALOOLY & TIAN, 2023; ELLEN
MACARTHUR FOUNDATION, n.d.). In this context, it con-
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tributes to circularity through multifunctionality (R1-Re-
think), material optimisation (R2-Reduce), facilitation of
reuse and refill (R3-Reuse), support for repair (R4-Re-
pair), and enablement of refurbishment, remanufacture,
and repurposing (R5-R7). It also enhances recyclability
and waste management (R8-Recycle), communicates envi-
ronmental impacts, raises ecological awareness, and helps
validate sustainability claims through certifications.

This overview reflects the growing expectation that packaging
should act not only as a product container but also as an intel-
ligent and responsible interface contributing to social, environ-
mental, and economic sustainability, in line with the “triple bot-
tom line” approach (ELKINGTON, 1997; CONRADIE, 2018). [t rede-
fines packaging as a system of relations among people, products,
technologies, territories, and ecologies, within which innovation
becomes meaningful only when guided by shared responsibili-
ty and purpose. From this functional and systemic perspective,
specific devices and enabling technologies can be identified that
support smart packaging functionalities and address key needs.

5.3. Smart devices and core technologies

Integrating digital technologies into packaging is pivotal for ad-
vancing sustainability and circular economy strategies. These
technologies form a broad set of innovations that improve re-
source efficiency, reduce waste, enhance traceability, and support
sustainable design, production, and consumption across intercon-
nected value chains. From a design perspective, packaging is no
longer a static container but a dynamic and intelligent interface
that interacts with products, users, and its surrounding environ-
ment throughout its lifecycle. What follows is an overview of the
digital solutions that drive the development of smart packaging,
combining a functional classification of devices with a description
of the technological infrastructures that support their operation.
Building on an extensive literature review and an analysis of
case studies (CIRAVEGNA et al.,, 2025), the proposed framework
identifies two complementary dimensions: smart devices, which
are the functional components embedded in packaging systems,
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and core technologies, which provide the enabling infrastructure
for data processing, communication, and systemic interaction.
Together, these dimensions illustrate the convergence of digital
innovation and the evolving functions of packaging in circular
and data-driven transitions.

Smart devices comprise a wide range of components that en-
able real-time monitoring, interaction, and adaptation.

« Sensors detect and convert physical, chemical, or biological
quantities into electrical signals, allowing packaging to reg-
ister changes in temperature, humidity, gas concentration,
or movement. Applications include quality monitoring,
freshness control, and real-time communication of environ-
mental conditions (SUBRAMANIAN & ALWIN DAVID, 2021).

« Indicators provide visible cues of key parameters, such as
temperature deviations, gas leaks, or product integrity,
through colour-shifting inks or other intuitive signals that
support user awareness and supply chain decision-making
(Ma et al., 2022).

« Data carriers such as barcodes, QR codes, RFID and NFC
tags, WebAR codes, and digital watermarks transmit infor-
mation across the supply chain, strengthening traceability,
automation, and protection against tampering and coun-
terfeiting (CHRYSOCHOU et al., 2009).

« Emitters and absorbers (scavengers) release or remove spe-
cific substances to maintain product stability and safety.
Emitters can extend shelf life by releasing CO,, ethanol,
or antimicrobial agents (CORDEIRO et al., 2025), while ab-
sorbers remove oxygen, moisture, or ethylene to prevent
spoilage (SHARMA et al., 2025).

« Functional agents, such as antioxidants and antimicrobi-
als, act at the material level to preserve product quality
(KOELSCH SAND, 2025).

« Barriers restrict the transmission of gases, light, odours, or
contaminants by creating controlled internal atmospheres
with gas- and UV-blocking layers (TRINH et al., 2023).

« Temperature control systems, both passive and active, are
especially critical in food, pharmaceutical, and biotechnol-
ogy sectors. Passive elements include insulation materials
or gel packs, while active systems employ thermoelectric
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modules or exothermic reactions, often paired with sen-
sors and data logging tools to ensure precise thermal regu-
lation (COLDKEEPERS, 2025). Self-heating and self-cooling
solutions are also used for temperature-sensitive products
across distribution chains.

« Other devices include components that expand the func-
tional scope of smart packaging beyond the main catego-
ries. Examples include electronic displays, GPS trackers,
and Bluetooth tags, which enable localisation, dynamic
communication, and enhanced connectivity. These heter-
ogeneous solutions strengthen monitoring, transparency,
and user engagement, positioning packaging as an active
interface across distribution and consumption ecosystems.

Alongside these smart devices, core technologies constitute the
digital backbone that enables intelligent functionalities across
packaging systems. These infrastructures support connectivity,
data processing, human-machine interaction, and systemic in-
tegration within increasingly responsive and collaborative sup-
ply networks.

« Artificial Intelligence (Al) and Machine Learning (ML) are cen-
tral to this digital transformation. Al enables advanced deci-
sion-making by processing vast quantities of data, support-
ing predictive maintenance, demand forecasting, and learn-
ing-based automation. Through techniques such as super-
vised, unsupervised, semi-supervised, and reinforcement
learning (SAGHIRI et al., 2022), Al systems can optimise
supply chain operations, monitor energy consumption, and
reduce inefficiencies across production and logistics (SAM-
UELS & PELSER, 2025; NERI et al., 2025; VARRIALE et al,,
2023). ML, as a subset of Al, enhances performance by rec-
ognising patterns and learning autonomously. It underpins
predictive analytics, facilitates design for disassembly, and
optimises recycling strategies, thereby extending product li-
fecycles (BHAWNA et al., 2024; WANG et al., 2023; KRISTOF-
FERSEN et al., 2020; RUSCH et al., 2023; PIRON et al., 2024).
Internet of Things (IoT) technologies further expand these
capabilities by enabling continuous monitoring and com-
munication between objects and central systems (LYNN
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et al., 2020). IoT applications range across consumer do-
mains, such as wearable devices and home automation,
and industrial contexts, including predictive maintenance,
inventory management, and real-time supply chain adap-
tation. Embedded sensors allow [oT systems to collect crit-
ical environmental data, supporting early defect detection,
dynamic logistics adjustments, and improved transparen-
cy across operations (MASSARI et al., 2023; WANG et al,,
2023; KRISTOFFERSEN et al., 2020).

¢ Cloud computing complements IoT and Al by providing re-
mote access to scalable infrastructures for data storage,
processing power, and software services. Deployment
models vary from public clouds, managed by third parties,
to private clouds restricted to individual organisations,
and hybrid or multi-cloud architectures that balance per-
formance, privacy, and operational flexibility. Cloud sys-
tems ensure that data from smart devices can be aggre-
gated, analysed, and shared in real time across decentral-
ised platforms without requiring extensive local hardware
(GHOBAKHLOO, 2020; SCHILLING & SEURING, 2024).

» Blockchain technology provides an additional layer of re-
liability by creating decentralised and immutable records
of transactions and product histories. Depending on gov-
ernance and access protocols, blockchains may be public,
private, hybrid, or consortia-based. In the packaging do-
main, they enable material authentication, monitoring of
environmental impacts, and verification of circular busi-
ness models through smart contracts (SAMUELS & PELSER,
2025; VARRIALE et al., 2023).

* Big data analytics underpins all these infrastructures, pro-
cessing high-volume, high-velocity, and high-variety data
streams. By drawing on heterogeneous sources such as
devices, users, and logistics systems, big data generates
actionable insights into consumer behaviour, operational
efficiency, and environmental performance. These insights
inform strategies for reverse logistics, sustainable sourc-
ing, and risk mitigation, while enhancing transparency,
adaptability, and stakeholder engagement (WINKELMANN
et al.,, 2024; AGRAWAL et al., 2025; NERI et al,, 2025).

« Immersive environments, including Virtual Reality (VR), Aug-
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mented Reality (AR), and Mixed Reality (MR), offer interac-
tive, multisensory experiences that facilitate training, simu-
lation, and collaborative design. In packaging contexts, they
enable virtual prototyping, user testing, and the optimisa-
tion of recycling workflows, contributing to material savings
and more intuitive product—user relationships (REJEB et al.,
2022; HARIKANNAN & VINODH, 2025; SKALLI et al., 2022).

« Automation and robotics also play a crucial role, particularly
in combination with Additive Manufacturing (AM). AM allows
on-demand, localised, and customised production with min-
imal waste, while supporting repair, remanufacturing, and
lightweighting (MASSARI et al., 2023; BEHL et al., 2023). Ro-
botic systems increase precision, automate sorting and dis-
assembly, and reduce overproduction and manual inefficien-
cies, thereby improving both sustainability and cost-effec-
tiveness (KRISTOFFERSEN et al., 2020; VARRIALE et al., 2023).

« Finally, 5G connectivity provides the speed and reliability
needed for real-time digital packaging systems. With ul-
tra-fast, low-latency data transmission and support for
multiple communication protocols, such as UMTS/HSPA,
WiMAX, EV-DO, and satellite links, 5G networks enable
seamless integration between mobile devices, loT sensors,
cloud platforms, and smart packaging infrastructures (Eu-
ROPEAN COMMISSION, 2025).

When combined, smart devices and core technologies trans-
form packaging systems into responsive and communicative
interfaces that interact continuously with their environment.
No longer an inert container, the system becomes an intelligent
agent able to sense, process, and exchange data throughout its
lifecycle. This transformation supports traceability, circularity,
and systemic responsiveness, while also reinforcing its integra-
tion into industrial, logistic, social, and environmental ecosys-
tems. Rather than acting in isolation, the artefact functions as a
node within broader networks of production and consumption,
contributing to more transparent, adaptable, and sustainable
value chains. This shift not only redefines its role across product
lifecycles but also underscores its potential as a strategic inter-
face for advancing sustainable, data-driven transitions in both
industrial and consumer contexts (fig. 2).



5. Smart solutions for packaging innovation &

SuneaH-4Es
Chemical Sensor .

-":‘_'.l-r;\e Temwa‘u;
\ndicator [

Freshness

=
]
o
=
o
[a]
=

guueldu

Bluetooth Tag

Biodegradable/Compostable
Option

2. Taxonomy of
smart devices and
core technologies for
packaging. Adapted
from FuturE-Pack
project.



102 Erik Ciravegna, Silvia Barbero, Sara Battistini, Mariapaola Puglielli, Camilla Sartor, Martina Spinelli

5.4. Functions and application domains

As previously outlined, the responsibilities of smart packaging
can be articulated across eight domains that reflect concrete
challenges along the value chain. Their scope has been explored
and validated through the analysis of 230 case studies, drawn
from diverse sectors, product categories, and technological ap-
plications (CIRAVEGNA et al., 2025). This framework highlights
the evolving role of packaging as an intelligent and proactive
agent embedded in complex production, distribution, and com-
munication systems. In this context, digital technologies act as
key enablers, allowing smart packaging to mediate between in-
dustrial, social, and environmental goals.

In the product domain, digital technologies play a central role
in enhancing transparency, safety, and quality control. RFID,
NFC, QR codes, blockchain, and digital product passports ena-
ble traceability throughout the entire product lifecycle, offering
detailed information on origin, materials, conditions, and usage
(HakoLA et al., 2025). A compelling example is The Box," a reus-
able logistics container equipped with sensors. It monitors vari-
ables such as temperature, humidity, shock, and pressure, while
also integrating GPS tracking and digital interfaces that pro-
vide real-time data on environmental conditions during transit.
This ensures that sensitive goods are protected across multiple
delivery cycles and helps reduce waste through reuse. Another
relevant case is Mimica,? a smart label that changes texture in
response to food spoilage, offering a tactile, real-time indicator
of freshness. Instead of relying on static expiry dates, the sys-
tem reflects actual storage conditions, helping to reduce waste
and extend shelf life (EUROPEAN UNION, 2019). These solutions
demonstrate how smart packaging ensures not only product in-
tegrity but also a more informed and sustainable user experience.

In the brand domain, smart packaging becomes a strategic
medium for communication and authentication. It protects
product identity and fosters trust between brands and consum-
ers. Certilogo,® used for instance by the Armani Group, allows
users to verify product authenticity through a QR code-based
system that generates a unique code (CERTILOGO, 2023). This
reinforces brand transparency and supports anti-counterfeiting
strategies. At an experiential level, the collaboration between
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Blue Bite and Kenwood Vineyards* illustrates how dynamic con-
tent can deepen brand storytelling. When users scan the bot-
tle’s label, they access a personalised digital platform with mul-
timedia content such as tasting notes, food pairing suggestions,
and drone footage of the vineyard. The interaction not only
enriches the brand narrative but also creates a two-way chan-
nel that captures user data and builds emotional engagement.
These examples highlight how digital technologies enhance the
communicative role of packaging while aligning with brand val-
ues and consumer expectations.

Within the production and supply chain domain, digital tech-
nologies optimise workflows, improve efficiency, and support
the shift towards customisation and automation. Smart logis-
tics and inventory systems, based on RFID, GPS, Al, and ma-
chine learning, enable real-time monitoring and decision-mak-
ing. Sparck CVP Impack® exemplifies this approach through the
use of 3D scanning and adaptive software to create right-sized
packaging for e-commerce shipments. This reduces the need for
void-fill, minimises material waste, and lowers transport emis-
sions. Another notable case is Holy Grail 2.0,° which applies
invisible digital watermarks to plastic packaging. These marks
carry information that can be read by optical scanners at sorting
facilities, enabling more precise and automated recycling. Im-
portantly, the solution preserves the original packaging design.
Together, these cases illustrate how digital packaging technolo-
gies contribute not only to operational performance but also to
sustainable and circular production practices.

At the point of sale, smart packaging enhances both retail
operations and customer interaction. Identifiers such as RFID
tags and NFC labels facilitate shelf management, stock control,
and automated checkout, while also enabling enriched user ex-
periences. Trax,” an Al-powered platform, uses cameras and im-
age recognition to assess product positioning and availability on
shelves, helping retailers improve merchandising strategies and
reduce stockouts. Decathlon’s self-checkout system, based on
RFID technology,® enables instant recognition of multiple items
without manual scanning, reducing waiting times and support-
ing better inventory tracking. These applications demonstrate
how smart packaging supports a more efficient, responsive, and
engaging retail ecosystem.
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In the territory domain, digital packaging highlights the
geographical and cultural origins of products. It supports the
valorisation of local identity, craftsmanship, and production
transparency, particularly in sectors such as fashion, food, and
wine. The Parmigiano Reggiano Consortium,’ for example, has
developed an edible microchip embedded in the cheese rind
that documents the entire production process. This solution
offers secure traceability while reinforcing the authenticity of
Made in Italy. Similarly, Amazon India’s Storyboxes project™
transforms packaging into a storytelling medium, featuring il-
lustrations and QR-based narratives about small-scale produc-
ers. These boxes present faces, places, and stories from various
Indian regions, forging a human-centred connection between
consumers and local communities. By embedding territorial
narratives directly in packaging, these initiatives turn logis-
tics into a space of meaning and dialogue between origin and
destination.

In the environmental domain, smart packaging supports cir-
cular strategies and encourages more sustainable behaviours.
Digital solutions help reduce material use, optimise distribu-
tion, and support correct disposal or reuse (PALAZZO et al,,
2023). The Cif EcoRefill'! system offers compact, concentrat-
ed refill packaging that cuts down on plastic consumption and
transport-related emissions. A QR code provides information
about the product’s environmental benefits, promoting trans-
parency and responsible consumer behaviour. Aiming at elim-
inating economic barriers often faced by low-income house-
holds, Algramo,” a Chilean start-up, expands this model by
combining RFID-tagged reusable containers with IoT-enabled
refill stations. Its mobile and in-store dispensing solutions re-
duce single-use plastic and allow consumers to purchase every-
day goods “by the gram,” from the Spanish al gramo. This ap-
proach connects environmental performance with social equity,
reflecting how digital packaging can address multiple layers of
sustainability.

In the social domain, smart packaging becomes a vehicle for
inclusion, equity, and ethical awareness. It can communicate
working conditions, promote fair trade, or enhance accessibility
(NORDIN & SELKE, 2010). In the UK, Kellogg’s partnership with
NaviLens™ produced cereal boxes with digital codes readable
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from a distance by smartphones, enabling blind and partially
sighted users to hear product information. This promotes in-
dependent shopping and raises awareness of everyday acces-
sibility needs. Another example is Tony’s Chocolonely,™ which
uses unevenly divided chocolate bars to symbolise inequality in
cocoa production. The packaging includes facts and narratives
that educate consumers on child labour and the unfair distribu-
tion of profits. Both examples show how packaging can serve
not only commercial purposes but also social advocacy and ed-
ucation, contributing to a more just and inclusive value chain.

Finally, in the end-user domain, smart packaging establishes
a direct relationship between the product and the person using
it. It improves access to information, personalises the experi-
ence, and encourages responsible usage and disposal. Immer-
tia’s™ solution merges AR, Al, and holographic interfaces to
deliver on-pack 3D assistants that answer user queries in real
time. This turns packaging into a proactive communication
tool that offers guidance and support in a visually immersive
way. In a more safety-focused approach, Tostitos’ Party Safe'®
campaign introduced a packaging design that detects alcohol on
the breath and connects directly to Uber through NFC, encour-
aging responsible choices and potentially preventing impaired
driving. These cases reveal how digital packaging can enhance
interaction, foster ethical awareness, promote social advocacy,
and empower consumers to make informed decisions in their
everyday actions.

Together, these eight domains reveal how identified needs
translate into practice through smart packaging. The frame-
work illustrates how digital technologies address real-world
challenges while enhancing efficiency, sustainability, ethical
practices, and the value of the Made-in-Italy supply chain.

5.5. Designing smart packaging for ethical transitions

The evolution of smart packaging reflects a broader paradigm
shift in which packaging is no longer conceived as a disposable
container but as a strategic interface between products, people,
and ecosystems. Within this expanded and systemic vision, de-
sign can contribute to shaping a more ethical, transparent, and
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sustainable packaging culture. Beyond its technical functions,
smart packaging holds a powerful cultural and communicative
potential. It can act as a narrative medium that conveys the
identity, values, and history of products and brands, while also
fostering user awareness and engagement. To fully realise this
potential, designers must consider inclusivity, accessibility, and
equity as core values, ensuring that technological innovations
are comprehensible, usable, and beneficial to stakeholders of all
backgrounds and abilities.

From a sustainability perspective, smart packaging gener-
ates environmental, social, and economic benefits. Environ-
mentally, it can significantly reduce food waste through fresh-
ness monitoring and improved product conservation. It also
helps optimise logistics and transport via real-time tracking
and supports correct waste management and recycling, for in-
stance, through digital disposal instructions, smart labelling,
and lightweight or modular designs. Socially, when designed
responsibly, it can enhance accessibility for users with visual or
cognitive impairments through augmented reality or voice-ena-
bled interfaces, and encourage conscious consumption through
transparent information and educational content. Economical-
ly, predictive maintenance and data-driven optimisation can
reduce operational costs, support circular business models, and
strengthen brand reputation.

Nonetheless, a number of critical challenges must be ad-
dressed. Such challenges include the complexity of recycling
due to embedded sensors or mixed materials, the short lifespan
of electronic components, and the high implementation costs
that may exclude SMEs. Ethical concerns emerge around digi-
tal surveillance, lack of transparency in data use, and potential
greenwashing. Moreover, the absence of common standards
and interoperable systems hinders scalability and widespread
adoption. There is also a risk that smart features may be mis-
understood or underused by consumers, or that excessive dig-
italisation may lead to unnecessary complexity. Ethical design
must therefore be accompanied by policies and standards that
promote transparency, data protection, and inclusive access
across the entire packaging value chain, ideally aligned with in-
dustry-wide principles such as The Ethical Packaging Charter
(BAULE & BUCCHETTI, 2015).
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Benefits and challenges must be balanced within a design
process that is critically aware, ethically grounded, and strate-
gically aligned with sustainability goals. This perspective aligns
with the notion of “purpose-driven innovation,” an approach
that places ethical and social intentions at the core of design
and technological development. Drawing on the “Golden Circle”
model (SINEK, 2009), this concept encourages organisations to
first clarify why they innovate, prioritising impact over output,
before defining the what and the how. Such orientation reposi-
tions smart packaging as a catalyst for meaningful transitions,
where technological advancement serves broader goals of inclu-
sivity, resilience, and environmental responsibility, in line with
a planet-centric design perspective that foregrounds ecologi-
cal interdependence and long-term stewardship (CIRAVEGNA,
2020; CIRAVEGNA et al.,, 2024).

Only through such an integrated and purpose-driven ap-
proach can smart packaging fulfil its promise as a catalyst for
circular, inclusive, and forward-looking transitions. In this
view, smart packaging is not merely a technological artefact but
a platform for shared responsibility, a space where products,
people, organisations, societies, and ecosystems intersect. Its
intelligence lies not only in embedded circuits or algorithms,
but in its capacity to generate awareness, influence behaviours,
and foster systemic change. Such an approach calls for design
practices that are not only technologically advanced but also
culturally sensitive and ethically responsive, capable of navi-
gating complexity with critical clarity and humility. Ultimate-
ly, an ethics of limitation should be embraced, recognising not
only the potential but also the boundaries of what packaging
can and should do. Responsible innovation in this field calls for
sobriety, restraint, and humility to avoid technological excess,
favouring simpler solutions when they are more sustainable
and equitable.

Author role acknowledgement: This chapter is the result of
a collective effort by all Authors. Specific contributions are ac-
knowledged as follows: Section 5.1. was authored by E. Cirave-
gna and S. Barbero; Section 5.2. by E. Ciravegna; Section 5.3. by
C. Sartor and M. Puglielli; Section 5.4. by S. Battistini and M.
Spinelli; Section 5.5. by E. Ciravegna.
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6. SMART PACKAGING FOR FASHION E-COMMERCE:
EXPERIMENTATION IN THE MADE IN ITALY ECOSYSTEM

Ludovica Rosato, Caterina Antonia Dattilo, Mariapaola Puglielli, Camilla Carrara

Abstract: This chapter presents a field experiment on smart
packaging for fashion e-commerce within the Made in Italy
context, addressing systemic pressures for transparency, circu-
larity, and data-informed decision-making. Building on a sup-
ply-chain mapping of the sector, we ran a design laboratory with
three local partners: ZEROBARRACENTO (brand and use case),
Movopack (reusable physical packaging), and Astrakode (block-
chain-enabled digital infrastructure). The experimentation un-
folded across four phases: requirements analysis, co-definition
of the brief, design and development, and testing and valida-
tion, culminating in a reusable packaging solution linked via QR
code to a digital interface aligned with the forthcoming Digi-
tal Product Passport. Life Cycle Assessment (LCA), conducted
to compare candidate options, provided objective evidence on
environmental performance, challenging intuitive assumptions
and underscoring the value of measurement in design choices.
While the process confirmed the strategic role of packaging as a
communicative and traceability device, it also highlighted con-
straints typical of SMEs (economic/organisational resources),
regulatory and standardisation uncertainties, and open ques-
tions regarding the effectiveness of communicating sustainabil-
ity data to consumers. The findings yield a pre-framework of ac-
tionable guidance that informs the subsequent chapter’s oper-
ational guidelines for smart packaging in fashion e-commerce.

Keywords: circular fashion, blockchain traceability, reusable
packaging, design experimentation, Made in Italy ecosystem.
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6.1. Transformations of the Made in Italy ecosystem

Made in Italy is a nationally and internationally recognised pro-
duction model combining artisanal know-how, local manufac-
turing traditions, and cultural symbolism. It is commonly asso-
ciated with high-quality products in fashion, furniture, and food
sectors, where aesthetic sensibility and material excellence con-
verge. At its core, the label reflects a geographic origin and a set
of values rooted in territorial identity, manual skill, and creative
innovation. Historically, this model has been supported by It-
aly’s industrial districts, geographically concentrated networks
of small and medium-sized enterprises (SMEs) with strong so-
cial and economic interconnections. These districts, emerging
prominently in the 1970s, represented a distinctive response to
the dominant Fordist model of mass production (BELLANDI &
DE PROPRIS, 2015; BECATTINI, 1991). Their success was based
on flexible specialisation, collaborative competition, and the
integration of localised supply chains. This structure enabled
firms to remain agile and responsive while maintaining strong
ties to cultural and regional heritage.

However, despite its cultural prestige and commercial appeal,
the Made in Italy system has shown growing signs of structural
vulnerability. Its reliance on micro-enterprises and its limited ca-
pacity for digital and organisational adaptation have become in-
creasingly problematic in the face of global disruptions. The 2008
financial crisis marked a first rupture, revealing the economic
fragility of many SMEs heavily dependent on export markets.
More recently, the COVID-19 pandemic further highlighted sys-
temic deficiencies in supply chain coordination, digital readiness,
and overall resilience (GROSSO et al., 2021). These shocks have
exposed deeper tensions between tradition and transformation.
While the artisanal foundation of Made in Italy remains a core
strength, the current global context demands greater agility, in-
novation, and transparency. Italian SMEs (still the backbone of
national production) often lack the scale or resources to fully
engage with international markets or adopt sustainable and cir-
cular practices (RABELLOTTI et al., 2009; SALVIONI et al., 2021).
Moreover, persistent infrastructure, digital literacy, and govern-
ance gaps continue to hinder the sector’s evolution towards more
integrated and future-ready systems (MATARAZZO et al., 2025).
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Simultaneously, the globalisation of production has compli-
cated the very notion of origin. Legal definitions, such as the
EU’s rule allowing products to be labelled “Made in Italy” if their
final substantial transformation occurs domestically, fail to re-
flect the fragmented reality of international supply chains. This
has introduced loopholes whereby goods manufactured large-
ly abroad may still bear the label, creating dissonance between
brand promise and production practice (GARCIA-TORRES et al.,
2022). Such ambiguities open the door to reputational risks,
particularly in sectors where provenance and authenticity are
critical in value perception. Fashion suffers from widespread
misuse of national labelling, which erodes consumer trust and
undermines the efforts of authentic producers (SIMEONE et al.,
2022). Attempts to introduce stricter certification systems,
such as the 100% Made in Italy label or targeted legislation in
textiles and leather, have been slowed by fragmented govern-
ance and regulatory misalignment at the EU level.

Compounding this is the decline of the original industrial
district model itself. Many traditional clusters have experienced
reduced cohesion, offshoring of key activities, and a general
weakening of inter-firm cooperation (CORO & GRANDINETTI,
2023). Although some territories have sought to reposition
themselves through specialisation or global partnerships (CHI-
ARVESIO et al., 2010), others risk losing competitiveness and
identity (BELLANDI & DE PROPRIS, 2015). Given these develop-
ments, the Made in Italy label can no longer function as a static
brand marker. It must evolve into a more adaptive, transparent
system, capable of demonstrating compliance with environ-
mental standards, ensuring traceability, and communicating
value through verifiable data (BETTIOL et al., 2022). This shift is
both strategic and existential: what is at stake is the continued
relevance of a cultural and economic model grounded in territo-
rial intelligence and material integrity.

At the same time, the transformations under way reveal
broader cultural tensions. The balance between artisanal knowl-
edge and technological innovation, between local identity and
global competitiveness, is increasingly fragile. These contradic-
tions bring to light the need for new governance mechanisms,
greater digital maturity, and more robust connections between
SMEs and institutional frameworks. Above all, they highlight
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that Made in Italy can no longer rely exclusively on its symbolic
value but must demonstrate tangible commitments to sustain-
ability, ethics, and transparency. Among the different sectors,
the fashion industry emerges as the most emblematic arena of
these tensions. It combines creativity and craftsmanship with
highly complex, globally distributed supply chains, making it
both a strength of the Made in Italy model and a critical test
bed for its transformation.

6.2. Systemic challenges in the fashion supply chain

The fashion industry, long a flagship of the Made in Italy repu-
tation, is now facing profound systemic pressures. While histor-
ically celebrated for its craftsmanship, creative leadership, and
design excellence, the sector has also become closely associat-
ed with environmentally and socially unsustainable practices.
Within the Made in Italy manufacturing landscape, the Italian
textile industry represents the third-largest manufacturing
sector, comprising approximately 13,000 companies that cover
nearly all stages of the production chain. However, its economic
relevance and structural breadth now face the urgent need for
a profound rethinking due to the environmental and social im-
pacts of its production-consumption system. The supply chain
consumes significant resources and energy in the production of
garments and textiles, contributes to high levels of greenhouse
gas emissions, and generates considerable volumes of waste
(EUROPEAN ENVIRONMENT AGENCY, 2022). The choice of mate-
rials, design and manufacturing methods, modes of consump-
tion and use, as well as production and disposal technologies,
are among the main drivers of these impacts (ELLEN MACAR-
THUR FOUNDATION, 2021).

Today, the fashion value chain is marked by critical impacts
at every stage, from fibre production to end-of-life disposal,
raising urgent ecological and ethical concerns.

« At the fibre level, environmental costs begin to accumu-
late. Synthetic textiles are derived from fossil resources,
contributing to carbon emissions and resource depletion.
Even renewable, plant-based alternatives often entail high
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water consumption and dependency on pesticides, raising
issues of land degradation and biodiversity loss. Adding to
this complexity is the widespread use of mixed-material
textiles (combinations of natural, synthetic, and semi-syn-
thetic fibres), which are difficult to recycle using current
technologies (RoY et al., 2024).

The design phase further accelerates unsustainable pat-
terns. Fast fashion business models prioritise rapid turno-
ver, with new collections released weekly to meet shifting
consumer tastes (JAYOT, 2020). This push for novelty leads
to an overproduction of low-quality garments, which are
often discarded after minimal use. The emphasis on speed
compromises durability and craftsmanship, contributing to
mounting textile waste and the devaluation of materials.
Manufacturing practices reflect similar inefficiencies. The
standard cut-and-sew method generates significant vol-
umes of offcuts and pre-consumer waste, most of which
is not recovered or repurposed. Compounding this issue is
the industry’s widespread outsourcing model. Brands fre-
quently operate without owning production facilities, rely-
ing on supply chains based in regions where labour and en-
vironmental standards are far less stringent. This “fabless”
structure enables companies to sidestep direct responsibil-
ity for working conditions and sustainability performance
across the production chain (JAYOT, 2020).

Post-purchase, environmental burdens continue. Washing
synthetic fabrics releases microplastics into aquatic eco-
systems, while materials like polyester, despite their physi-
cal resilience, pose long-term pollution threats due to their
resistance to decomposition. Garments are now estimated
to be worn only 7 to 10 times before being discarded (EL-
LEN MACARTHUR FOUNDATION, 2021), reinforcing waste
cycles and accelerating the depletion of fossil and renew-
able resources.

Although the distribution phase (comprising transporta-
tion, storage, packaging, and retail) is generally associat-
ed with a lower environmental impact compared to other
life cycle stages, it remains a relevant factor. Designers
can contribute to impact reduction by making conscious
decisions, such as prioritising local suppliers or selecting
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low-emission transportation options. In this context,
packaging plays a key role: designing lighter, compact,
reusable, or easily recyclable packaging can reduce both
transportation volume and overall distribution impact
(VEZZOLI et al., 2022). More importantly, packaging can
act as a connector and vehicle for information across all
stages of the supply chain, traversing them transversally
and aggregating data from all involved stakeholders.

In response, European regulators are introducing measures
designed to steer the sector toward greater accountability. The
Ecodesign for Sustainable Products Regulation (ESPR), a key in-
itiative under the European Green Deal (see Chapter 3), aims to
establish mandatory sustainability requirements across product
categories, including textiles. These standards encompass repair-
ability, recyclability, and product longevity (EUROPEAN COMMIS-
SION, 2022). A central mechanism of this strategy is the Digital
Product Passport, which is intended to enable traceability across
the product life cycle and provide consumers with accessible,
verifiable data (EUROPEAN PARLIAMENT, 2024). For manufac-
turers, however, aligning with such initiatives demands more
than compliance. It substantially transforms business practices,
supply chain governance, and product development strategies.
Transparency and traceability are no longer optional values but
emerging imperatives. The Italian fashion industry is facing an
urgent need for change. As a key symbol of national production
identity and quality, it must now reconfigure its operational
logic to meet the standards of an ethically and environmentally
conscious market. This shift requires not only the validation of
origin and material composition but also the assurance of fair
labour practices and responsible sourcing. As regulatory frame-
works evolve, so must the infrastructures that support them,
opening new opportunities for design innovation, data integra-
tion, and the adoption of circular economy actions.

In response to the systemic pressures affecting the Italian
fashion industry and the growing demand for transparency,
accountability, and circularity, the research developed a com-
prehensive mapping of the fashion supply chain. The analysis
examined the complex ecosystem of stakeholders and their in-
terconnections, with particular attention to the integration of
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e-commerce channels and the transversal role of packaging as
a site for innovation, experimentation, and sustainable trans-
formation. It also considered the diversity of fashion products,
their specific characteristics, and functional requirements to
gain a clearer understanding of the supply chain’s complexi-
ties. The resulting representation highlighted the intersections
between production flows and the actors involved in both the
front end of the user experience and the back end of business
relationships, structuring the process into three main seg-
ments: from production to sale, from sale to consumption, and
from consumption to post-consumption, as mapped within the
FuturE-Pack research project. This classification allowed for the
precise identification of the phase most suitable for further in-
vestigation during the experimental phase.

The research also mapped and analysed the various players
within the fashion sector (raw material suppliers, manufactur-
ers, distributors, retailers, and consumers), highlighting their
roles and interrelationships. It explored the specific challenges
and opportunities associated with e-commerce, particularly in
relation to logistics, inventory management, and customer ser-
vice. On this basis, a design experimentation phase was then
launched to test smart packaging solutions within the context
of fashion e-commerce and assess their feasibility through col-
laboration among local stakeholders operating at different stag-
es of the supply chain.

6.3. Experimentation in fashion e-commerce

The experimental activity was structured as a design labora-
tory aimed at investigating tools and processes for the devel-
opment of smart packaging solutions tailored to the Made in
Italy fashion e-commerce context. The objective was to test
their effectiveness through a co-design simulation involving
three types of local stakeholders, representative of the main
components of the supply chain. ZEROBARRACENTO! acted as
the commissioning brand, responsible for employing the pack-
aging to deliver its product; Movopack? provided the reusable
physical packaging; and Astrakode® was in charge of developing
the blockchain-based digital infrastructure suited to transmit
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information to the end user. The experimentation was coordi-
nated and managed by a research group from the University of
Bologna, simulating the functions and tools of the FuturE-Pack
platform (see Chapter 7).

The experimental process was articulated in four main phases.

« The first phase concerned the analysis and definition of
requirements related to the selected textile product, its
production supply chain, and packaging needs, outlining
the initial technical specifications and constraints for the
experimentation.

+ The second phase involved the definition of design require-
ments in close collaboration with the project partners,
aimed at developing a shared design brief.

« The third phase focused on the design and development
of packaging solutions and digital devices, selecting those
best suited to address the project’s objectives.

« Finally, the fourth phase consisted of the testing and val-
idation of the proposed solutions, carried out through
iterative prototyping and the evaluation of their impacts
across the supply chain.

The first phase focused on product requirements analysis and
definition and started by analysing the Italian fashion brand
chosen for the experimentation. ZEROBARRACENTO is a com-
pany strongly aligned with the values of sustainability and cir-
cularity, criteria considered fundamental to ensure consistency
with the objectives of the project. It is an innovative Italian out-
erwear brand founded by Camilla Carrara, and it stands out for
its commitment to zero-waste design and a pioneering approach
to circular fashion. All garments are Made in Italy and designed
with gender and age inclusivity in mind. The brand renounces
seasonal trends, offering timeless designs with minimal, clean
lines inspired by Italian art and architecture. Its core values in-
clude using high-quality recycled and certified materials, full
supply chain traceability, and rigorous sustainability practices.
ZEROBARRACENTO’s zero-waste pattern-making enables the
use of fabric in its entirety, typically saving 15% of material
wasted in conventional production. For these reasons, the brand
was an ideal partner, fully consistent with the objectives of our



1. The Luciana coat,
selected for the
experimentation.
Courtesy of
ZEROBARRACENTO.
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experimentation. Through direct discussion with the company,
we identified the specific product to be addressed in the pack-
aging development and selected the Luciana coat (fig. 1). This
garment exemplifies brand philosophy: a genderless piece made
with recycled ingredients, developed with zero-waste patterns,
free of buttons and zippers, making disassembly and recycling
easy at its end-of-life. For this product, specific requirements,
needs, and constraints were collected to inform the design of a
smart packaging solution suitable for its protection and deliv-
ery. The brand’s packaging must reflect its values both physical-
ly and in communication, with careful attention to zero-waste
messaging. ZEROBARRACENTO’s need for packaging goes be-
yond protection, serving as a tangible communicator of its cir-
cular ethos, traceability, and transparency, reinforcing the emo-
tional and values-driven connection with conscious consumers.
The packaging should convey an understated luxury and mini-
malist elegance, while ensuring optimal protection of the items,
delivering a uniquely refined user experience.
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To support the methodological process of synthesising and
organising the information gathered during the research, a se-
ries of analysis cards was developed: each card was designed to
collect and structure data relevant to different design dimen-
sions.

« The Brand Card captures the brand’s core values and is es-
sential for guiding the definition of the packaging’s com-
municative elements.

« The Product Card outlines the characteristics of the gar-
ment, including aspects related to user interaction and
maintenance, the circular innovation embedded in the
product, its material composition and dimensions, which
are critical for determining technical and structural pack-
aging constraints, as well as the circular practices applied
during production.

+ The Material Card details the specificities of the materials
used, including supplier information, provenance, tracea-
bility, and certifications, all of which are crucial to ensur-
ing sustainability and circularity.

« The Supply Chain Chart maps the structure of the produc-
tion and distribution network, identifying key stakehold-
ers, distribution and sales methods, and the profiles of end
users.

« Finally, the Packaging Card analyses the currently used
packaging in terms of materials, components, and objec-
tives, both functional and communicative, to assess its
alignment with the new design goals.

The analysis led to the definition of a set of design requirements,
formulated by considering the specific needs and impacts of
each actor involved in the supply chain. In this framework, all
stakeholders affected by, or responsible for, the packaging are
regarded as relevant design actors. These include the brand
owner, the product, the supply chain, the end user, society, the
territory, and the environment.
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6.4. Design criteria and development of smart packaging
solutions

The systematisation of the information collected led to the de-
velopment of a summary framework, which, combined with the
results of the interviews with the brand and the analysis of unmet
needs related to the current packaging, made it possible to identi-
fy four key areas for design intervention. The first concerned the
strengthening of the communication of brand identity through
packaging, achieved both by means of graphic and layout choices
capable of coherently conveying the brand’s values and image, and
by designing packaging that expresses symbolic meaning, e.g., by
using sustainable and circular materials. At present, the packag-
ing consists of a standard DHL Flyer XL commercial envelope,
with no reference to the brand. The only communicative elements
employed are a card summarising the brand’s values and provid-
ing a link to the website, together with a ZEROBARRACENTO
logo sticker used to seal the tissue paper wrapping the coat.

The second is related to promoting the standardisation and
adaptability of the packaging to accommodate a variety of prod-
ucts, while ensuring both functional performance and consist-
ency with the brand identity. The third focused on guarantee-
ing the packaging’s resistance to environmental factors such as
humidity, rain, dust, extreme temperatures, and odours. This
requirement is particularly significant for a luxury Made in It-
aly product, which requires high-quality standards not only for
the garment itself but also for its protection and presentation
during transport.

Finally, the fourth addressed the enhancement of communi-
cation regarding environmental impacts along the supply chain,
highlighting the processes, suppliers, and actors involved. At
present, ZEROBARRACENTO makes available on its website a
mapping of the supply chain and its suppliers through a proto-
type Digital Product Passport (DPP) integrated into each prod-
uct page. However, this information is not always easily accessi-
ble or understandable to users, and it remains unclear whether
it significantly influences purchasing decisions. The experimen-
tation, therefore, aimed to explore ways of integrating such in-
formation directly into the packaging, transforming it into an
effective vehicle for product-specific data and reinforcing the
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emotional and value-based connection between the customer
and the product.

For this purpose, Astrakode was involved, a tech company
specialised in the development of blockchain-based solutions.
Blockchain technology can play a strategic role in supporting
sustainable practices, particularly in relation to resource effi-
ciency, product reuse, and recycling processes. It ensures trace-
ability, data security, and optimised management of digital doc-
umentation, thereby promoting transparency throughout the
entire supply chain. Furthermore, it enhances material visibili-
ty, combats counterfeiting, supports more informed consumer
choices, and facilitates connections between primary and sec-
ondary markets. In this way, it contributes to a more sustaina-
ble and circular economic model.

The design of smart packaging solutions stemmed from in-
sights previously identified in research on packaging for fashion
e-commerce. Within the framework of a sustainable and circular
transition, two main strategic directions were explored: the devel-
opment of single-use packaging made from circular and sustain-
able materials, and the adoption of reusable packaging based on
take-back systems or user ownership models fit to ensure extended
use cycles. Both approaches align with circular economy principles.

Accordingly, two design solutions were developed: the sin-
gle-use “Zero-Waste Box” and the reusable packaging in collab-
oration with Movopack.

The “Zero-Waste Box” concept (fig. 2) aims to maximise ma-
terial efficiency, reduce packaging volume, and improve product
fit. It consists of two primary elements made of FSC-certified
cardboard: a die-cut, custom-shaped inner layer designed to
support and protect the garment, and a larger outer sheet fold-
ed perpendicularly to wrap and secure the item during trans-
portation. The entire system is glue- and plastic-free, thanks to
a perforated tear-strip closure that ensures sealing and facili-
tates unboxing. In line with circular design principles, the pro-
ject includes a plantable paper sleeve, transforming a typically
secondary element into a regenerative and narrative compo-
nent that communicates ZEROBARRACENTO’s brand values.
This sleeve serves multiple functions: a tamper-evident seal, a
branding surface, and an informative support featuring printed
instructions and a QR code, whose content will be detailed later.



2. Concept of the Zero-
Waste Box packaging
solution. Design by
Andriano Pentassuglia,
developed within the
FuturE-Pack project.
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Despite its conceptual coherence with the brand’s values,
this solution was not prototyped, as it would have required the
brand to establish a partnership for the development of a cus-
tom, non-standard, and non-commercial packaging solution,
which proved less viable from an economic standpoint.

Instead, a collaboration was initiated with Movopack, a com-
pany providing a solution that reflects the brand’s principles of
sustainability and circularity, while also supporting effective
brand communication through an accessible and implementable
service. Movopack designs packaging-as-a-service systems for
e-commerce, significantly reducing the environmental impact
associated with single-use packaging. Its packaging is made from
recycled and recyclable materials, including recycled polypropyl-
ene (PP), R-PET, and polyester, and is designed to be reused up to
20 times. These materials ensure durability, lightness, and water
resistance, making the packaging suitable for a variety of prod-
ucts while meeting the protection requirements defined.

After use, customers can easily return the packaging by fold-
ing it and dropping it into any mailbox using a prepaid return
label and a QR code that locates the nearest drop-off point.
Moreover, Movopack allows for high levels of customisation,
turning the packaging into a visual communication tool for the
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3-6. Prototype of the
reusable packaging for

brand. Already active in the luxury sector, Movopack identified, =~ #EROBARRACENTO )
based on the dimensions of the Luciana coat, the MOVO Classic Errzzi,cff bti,VLMsgsosti,c '
L packaging made from recycled polypropylene, a solution that  developed within the
adapts to smaller volumes as well, thus offering flexibility and Future-Pack project
space optimisation (figs. 3-6).
Following the physical design of the packaging, attention
shifted to the definition of the supply chain data to be conveyed
via the QR code, identified as the most appropriate tool to
bridge the physical and digital dimensions and to provide prod-
uct-related supply chain information in a transparent and ver-
ifiable manner. The objective was to communicate to the user
the complete production journey of the purchased garment, lev-
eraging blockchain technologies to certify each step.
In selecting and structuring the data to be conveyed through
the smart packaging, reference was made to the Digital Prod-
uct Passport (DPP) for textile products currently under devel-
opment (EUROPEAN PARLIAMENT, DIRECTORATE GENERAL FOR
PARLIAMENTARY RESEARCH SERVICES, 2024), in order to align
the solution with the operational model expected to be imple-
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mented by 2027. By comparing the data requirements outlined
in the forthcoming DPP with the information already provided
by ZEROBARRACENTO, it was possible to define a dataset to be
integrated into the smart packaging.

The digital interface includes detailed information on both
the product and packaging supply chains, with the goal of mak-
ing the environmental impacts of each phase visible and com-
prehensible. This encompasses data on each supplier, including
contact information, website, and production location; infor-
mation on the materials used, including their composition, pro-
cessing steps, and certifications, presented in an accessible and
informative language; and details on transportation methods
and distances, intended to highlight the environmental bur-
den of logistics. It also provides information on the packaging
process, its location, and the product’s circular and sustainable
properties, together with data on the packaging itself and its
life cycle. Finally, it contains usage and care instructions for the
garment, including notes related to fit.

In collaboration with Astrakode, a digital interface was de-
signed to collect, manage, and visualise this data (fig. 7), acces-
sible to the end user via a QR code printed directly on the pack-
aging. This system supports enhanced traceability and supply
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chain transparency, enabling clear and reliable communication
of the product’s sustainable and circular attributes.

Since the packaging is reusable while the data refers to indi-
vidual products, ZEROBARRACENTO will apply a product-spe-
cific label containing the QR code at the time of packaging. This
label will be placed in a dedicated area on the Movopack packag-
ing and can be removed and retained by the customer, preserving
access to the information even after the packaging is returned.

The selected solution proved to be particularly well-aligned
with ZEROBARRACENTO’s aspirations, both in terms of envi-
ronmental performance and communicative effectiveness. The
smart packaging system developed represents a solid, scalable
design proposal consistent with the brand’s goals of sustainabil-
ity, circularity, and transparency. It emerges as a strategic tool
suited to combine technical, narrative, and relational dimen-
sions in a coherent user experience.

6.5. Testing and validation through Life Cycle Assessment

This section provides an analysis of packaging solutions for the
Luciana coat, using the Life Cycle Assessment (LCA) methodology
(see Chapter 4) to evaluate and compare their environmental im-
pacts. The LCA methodology is governed by the ISO 14040:2006
(INTERNATIONAL ORGANIZATION FOR STANDARDIZATION [ISO],
2006a) and ISO 14044:2006 (ISO, 2006b) standards, and is com-
posed of four fundamental phases summarised in Figure 8.

The logical structure shows that the phases of the process
are interdependent; therefore, none can be considered complete
until the entire process is finished. Additionally, this methodol-
ogy can be applied iteratively, based on the availability of data
and resources, as well as the type of product being analysed.
This environmental analysis aims to assess the impact of ex-
isting packaging solutions, specifically the DHL Flyer XL and
cardboard box, while comparing them to an alternative product
made from recycled polypropylene, namely Movopack.

All the topics required by the goal and scope stage (i.e., func-
tional unit; system boundaries; “cut-off” criteria; impact cat-
egories) are preparatory to the process modelling. The focus
of this analysis is the “production of packaging for the Lucia-



8. Structure of the

Life Cycle Assessment
methodology. Adapted
from 1SO 14040:2006
and 1SO 14044:2006,
elaboration by C. A.
Dattilo within the
FuturE-Pack project.
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na coat,” which serves as the functional unit (FU). The system
boundaries are defined to encompass “cradle-to-gate” process-
es, considering both mass and energy. Regarding transportation
considerations, we have considered the distances between the
material supplier and the packaging production company. Im-
pact categories are derived from the “Environmental Footprint
v.3.1” methodology (EUROPEAN COMMISSION, JOINT RESEARCH
CENTRE, 2022), with a particular emphasis on climate change,
measured in CO2 equivalents.

Regarding the LCA phase, the data used in this analysis are
mainly direct, meaning they are provided by companies. Howev-
er, we have also supplemented this information with secondary
data from specific commercial databases, such as Ecoinvent®
(ECOINVENT ASSOCIATION, 2022), as well as sources from scien-
tific literature. This approach has enabled us to develop detailed
models using specialised software for environmental analysis.

Upon concluding the first two steps, the approach moves to
the environmental impact assessment (LCA), focusing on the
climate change results, as reported in the following Figure 9.

The LCA unveils crucial perspectives on the environmental
impacts of various packaging materials. It reveals that card-
board packaging, often the go-to choice for many, shows the
highest environmental footprint, questioning its widespread
use. In contrast, LDPE shows comparatively lower impacts, con-
firming its potential as a more sustainable option. As we delve

129




130

Ludovica Rosato, Caterina Antonia Dattilo, Mariapaola Puglielli, Camilla Carrara

s
= i
g GEO g 5
8 15 g
S sen 5
g
4E01
3.E-01
™
2601 ©
S 2 o 2 2 = @ o ® o 8 9 v o @m
3“??90000 2 e 5 ¢ @ ¢ ©°
1E01 W W Wy W W W oW W oW ow
= o
© 5 85 5 8 § 5 5 & 8 5 § 8
0,E+00 —
LDPE Cardboard

3,17E-04

PP

m Material m Postcard m Sticker Tissue paper W Transp Packaging mTransp Postcard mTransp Sticker W Transp Tissue

deeper into the data presented in Figure 10, a remarkable visual
emerges: the bar representing material type is considerably
higher than those of other elements in the analysis.

This stark difference suggests the adoption of the “cut-off”
method, allowing us to zero in on the diverse array of packaging
materials available. When we shift our focus to a standardised
mass of 1 kg, the findings take on a new dimension, indicating
potential areas for improvement.

In this scenario (fig. 10), cardboard unexpectedly comes to
the forefront as a more favourable choice than plastic, show-
ing a preference margin of 72%. Following closely is PP, which
carves out its own niche as a promising alternative. While LDPE
retains its status as the most sustainable material overall, its
position in this comparison indicates opportunities to reconsid-
er packaging choices.

This analysis provides useful insights for comparing packag-
ing solutions and highlights opportunities for improvement in
the transition toward more sustainable practices.
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9. Climate change
impact results
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and new packaging
solutions. Elaboration
by C. A. Dattilo within
the FuturE-Pack project.

10. Impact assessment
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material. Elaborated by
C. A. Dattilo within the
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6.6. Insights from the experimentation

The experimentation carried out has made it possible to crit-
ically observe both the potential and the limitations of a de-
sign-driven approach to smart packaging for e-commerce with-
in the Made in Italy fashion sector. The process demonstrated
the capacity of packaging to evolve from a logistical tool into a
medium of communication and traceability, capable of integrat-
ing technical, narrative, and relational dimensions. The adop-
tion of digital technologies enabled the collection and transmis-
sion of complex information along the supply chain, ensuring
transparency and reinforcing the bond of trust between brand
and consumer. At the same time, collaboration with specialised
partners highlighted the importance of building territorial de-
sign ecosystems combining manufacturing, technological, and
design expertise, thereby offering scalable solutions consistent
with the principles of sustainability and circularity. A particu-
larly significant element was the testing and validation phase,
which, through the application of Life Cycle Assessment (LCA)
methodology, made it possible to objectively compare the dif-
ferent packaging solutions. The analysis highlighted not only
the advantages of reusable options but also the need to chal-
lenge simplified perceptions of sustainability.

Nonetheless, the process also revealed several critical issues.
First, the experimentation had to contend with the econom-
ic and organisational constraints typical of small enterprises,
which often lack the resources required to develop customised
packaging solutions or to integrate advanced digital systems.
Moreover, the need emerged for greater attention to regulato-
ry and standardisation aspects: the absence of stable reference
frameworks risks slowing the adoption of innovative tools and
generating uncertainty among businesses. From a communica-
tive perspective, the question of effectiveness also remains
open: although packaging can serve as a vehicle for environ-
mental data and traceability, it is still unclear to what extent
such information is genuinely understood and valued by con-
sumers in their purchasing decisions.

The experimentation confirmed the validity of the method-
ological approach and the relevance of packaging as a strategic
lever for circular transition, while also underlining the necessi-
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ty of more accessible operational tools, shared guidelines, and
greater involvement of all actors across the supply chain. Among
the key factors that emerged are the centrality of analysing the
specific requirements of both product and supply chain; the need
to envisage iterative design processes that allow for progressive
prototyping and validation of solutions; and the value of estab-
lishing partnerships with external actors capable of contributing
complementary technological and logistical expertise.

Author role acknowledgement: This chapter is the result of
a collective effort by all Authors. Specific contributions are ac-
knowledged as follows: Section 6.1. was authored by M. Pugliel-
li; Section 6.2. by L. Rosato; Section 6.3. by L. Rosato and C.
Carrara; Section 6.4. by L. Rosato; Section 6.5. by C. A. Dattilo;
and Section 6.6. by L. Rosato.

Notes

* https://zerobarracento.com
2 https://movopack.com
® https://www.astrakode.tech/it/
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7. DIGITAL ADVANCED TOOLS FOR SMART AND SUSTAINABLE
PACKAGING DESIGN

Erik Ciravegna, Sara Battistini, Lisa Filippini, Camilla Sartor, Michele Zannoni

Abstract: Digital tools are increasingly transforming packag-
ing into a strategic enabler of smart and sustainable innova-
tion. Within the FuturE-Pack project, these tools are investigat-
ed as instruments to integrate advanced and systemic design
approaches with digital technologies, providing designers and
companies with concrete resources to address environmen-
tal and socio-technical challenges. The chapter introduces the
conceptual and operational framework of the FuturE-Pack in-
teractive digital platform, which organises theoretical contents,
case studies, design methods, and guidelines into an accessible
infrastructure that fosters collaborative learning and exper-
imentation. By supporting traceability, interoperability, and
knowledge sharing, digital tools expand packaging functions
beyond protection and communication, enabling transparen-
cy, responsibility, and inclusivity across the value chain. At the
same time, they raise critical questions regarding accessibility,
costs, and data management that need to be addressed through
purpose-driven design. Through selected scenarios and practical
applications, the chapter illustrates how digital advanced tools
can bridge research and practice, reinforce connections between
industry and academia, and position packaging as a cultural and
strategic medium for advancing circularity, sustainability, and
innovation.

Keywords: digital tools, interactive platform, collaborative de-
sign, circular innovation, systemic approach.
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7.1. From systemic challenges to smart and sustainable
packaging

The contemporary scenario is defined by overlapping environ-
mental, social, and economic crises that increasingly reveal the
vulnerability and complexity of global systems. Climate change,
resource depletion, digital transformation, and geopolitical in-
stabilities converge into a condition of uncertainty that affects
both industries and everyday life. In this context, packaging be-
comes emblematic: it embodies many of the contradictions of
contemporary production and consumption, while also offering
opportunities to activate change. Packaging is no longer a neu-
tral artefact but a strategic lever for systemic challenges and ex-
perimenting with new models of circularity and sustainability.
Advanced Design provides the methodological foundation for
this transformation. It is an anticipatory, multidimensional ap-
proach that frames design as mediation, connecting disciplines,
actors, and perspectives. It translates complexity into action-
able knowledge, promotes collaboration, and anticipates pos-
sible futures to support responsible innovation. By combining
systemic thinking with operational tools, Advanced Design en-
ables designers and organisations to intervene not only at the
level of individual products but within extended socio-technical
systems, aligning ecological objectives with industrial strategies
and cultural values.

The project presented in this chapter has been developed
within this framework. It is conceived as a research and inno-
vation initiative that translates theoretical principles into an
operational infrastructure, bridging the gap between visions of
sustainability and the concrete needs of enterprises. Its goal is
to strengthen the role of packaging as a smart and sustainable
device capable of acting as a broadcaster of information, ensur-
ing transparency, and fostering responsible interactions along
supply chains.

The research underpinning this initiative has been articulat-
ed along two main lines. The first consists of extensive mapping
and analysis of state-of-the-art solutions. More than two hun-
dred case studies of digital applications and packaging practices
were collected, categorised, and systematised into a database.
This work resulted in a taxonomy of technologies applicable to
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packaging design, ranging from data carriers such as QR codes
and RFID tags to sensors, indicators, and integrated digital sys-
tems. In parallel, methods for assessing environmental, social,
and economic impacts were identified and organised, laying the
foundations for a holistic Life Cycle Sustainability Assessment
approach.

The second line of activity focuses on experimentation with
industrial partners. Proofs of concept are being developed in
sectors such as fashion, combining packaging design with dig-
ital technologies like blockchain, sensors, and traceability sys-
tems. These experiments simulate the dynamics of real supply
chains, allowing the validation of technological solutions and
the evaluation of their impacts on logistics, brand communica-
tion, and consumer experience. Collaboration with companies
ensures that the solutions tested respond to actual operational
constraints and market requirements, reinforcing the co-design
dimension of the project.

The insights gained from mapping and experimentation
converge into the design of an interactive digital system that in-
tegrates a theoretical framework, a case studies archive, a de-
sign toolkit, and various educational resources. Rather than a
static repository, the FuturE-Pack digital platform is conceived
as a dynamic system that evolves with new knowledge and prac-
tices. It supports companies and designers in configuring tai-
lored design paths, evaluating trade-offs, and developing smart
and sustainable packaging solutions aligned with systemic ob-
jectives.

At its core, this project redefines packaging as more than a
container. It becomes an active node within interconnected net-
works, capable of monitoring conditions, communicating data,
and supporting decision-making processes across the value
chain. This systemic reframing not only responds to the urgency
of current crises but also consolidates the role of packaging as a
driver of innovation, sustainability, and digital transformation.

In this scenario, the challenge is not only to frame packaging
within systemic transitions but also to provide concrete tools
that make such transitions operational. The need for shared
knowledge, structured methods, and adaptable solutions has
led to the development of a digital setting that embodies the
principles outlined so far.
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7.2. The FuturE-Pack interactive digital system

The reflections outlined highlight the need to translate systemic
visions into operational tools that can support concrete design
practices. Responding to this requirement, the FuturE-Pack
digital platform is an interactive system designed to support
companies, designers, and institutions in shaping smart and
sustainable packaging innovation. It was conceived both as a
design support tool and as a space for dissemination. As a de-
sign support tool, it enables professionals and organisations
to experiment with informed, responsible, and collaborative
processes, providing guidance and resources that address real
sectoral needs. As a dissemination space, it contributes to the
creation of a shared culture of sustainability by making knowl-
edge, methods, and experiences accessible across disciplinary
and professional boundaries. To embody this dual role, the in-
teractive digital system has been structured into thematic areas
(fig. 1) that facilitate targeted consultation, interdisciplinary
engagement, and the progressive development of content over
time.

« Theoretical framework. This area provides a conceptual
foundation for the themes addressed by the project. It
presents a multidisciplinary overview that brings togeth-
er insights from the domains of packaging design, smart
technologies, sustainability and circularity, Made in Italy
and fashion, e-commerce. This area is conceived as a criti-
cal resource for users seeking to situate their work within
current debates and transformations across these interre-
lated fields. By offering an updated and contextualised the-
oretical background, it lays the groundwork for informed
design and research practices.

« Case studies archive. This area functions as a digital repos-
itory of selected projects and experiences, both commer-
cial and experimental, in the field of smart and sustain-
able packaging (fig. 2). Each case is documented through
detailed descriptions and visual materials, allowing for
comparative analysis across diverse approaches and sec-
tors. The archive aims to inspire innovation by showcasing
practical applications of smart packaging strategies and by
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( FuturE-Pack

encouraging the transfer of knowledge from best practices
to new contexts of use.

Design toolkit. This area constitutes the operational core
of the platform. It offers a structured set of resources de-
signed to support the design and prototyping of intelligent
and low-impact packaging solutions. Its focus is on how
smart packaging can respond to a range of real needs in
different areas of impact and responsibility (see Chapter
5), based on specific functional requirements. For each
digital need, a dedicated guide has been produced, con-
taining a complete set of tools to assist the design process.
These guides include a clear definition of the problem, pre-
cise design objectives, detailed operational guidelines, an
overview of relevant smart technologies, examples of best
practices, and a practical checklist to verify compliance
and feasibility. The toolkit thus serves as a bridge between
conceptual models and applied design, enabling users to
translate complex scenarios into concrete solutions.
Resources. This area provides a curated selection of support
materials for study, research, and professional develop-
ment. It includes thematic glossaries, regulatory frame-
works, bibliographies, and technical documentation aimed
at fostering deeper engagement with the platform’s con-

2. User interface of the
FuturE-Pack digital
platform displaying the
case studies archive
page. Developed by
the Authors within the
FuturE-Pack project.
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tents. By offering access to structured knowledge, this area
enhances the educational and scholarly dimension of the
project, supporting users in their exploration of packaging
innovation from multiple disciplinary angles.

* Research activities. This area highlights the academic and
public engagement dimension of FuturE-Pack. It docu-
ments the scientific outputs, educational initiatives, and
dissemination events undertaken throughout the pro-
ject’s development. This includes publications, seminars,
workshops, and technology transfer activities, all aimed
at strengthening dialogue between academia, industry,
and institutions. Through this area, the platform not only
presents the outcomes of its research but also promotes a
broader culture of innovation in the packaging sector.

The platform’s information architecture was developed accord-
ing to a layered logic, where each area functions as a self-con-
tained module while remaining interconnected through shared
metadata. This structure enables a coherent navigation experi-
ence and supports the progressive expansion of content over
time. The back-end is managed through a modular content
management system that accesses information from a dedicat-
ed database. This configuration ensures scalability and consist-
ency, while allowing for future integration of additional func-
tionalities and structured datasets.

The user interface of FuturE-Pack was designed in accord-
ance with the accessibility and usability principles outlined by
Designers Italia,* the national design system for public digital
services in Italy. The interface ensures clarity of layout, visual
coherence, and ease of navigation across devices. It is optimised
for mobile and desktop use and supports diverse interaction
patterns typical of professional and industrial contexts. Particu-
lar attention was devoted to ensuring that information is acces-
sible, readable, and logically organised across all user journeys,
regardless of the point of access or professional background.

In summary, the digital platform performs a dual role. On
the one hand, it acts as a design support tool that guides users
through informed, systemic, and responsible design processes.
On the other hand, it serves as a learning and dissemination
space that encourages the creation of a shared language and
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supports the development of a culture of sustainability within
and beyond the packaging field. In essence, it is a digital infra-
structure for responsible innovation, connecting people, knowl-
edge, and tools to shape the future of packaging design in the
context of the ecological and digital transition of Made in Italy.

Among the different components of the platform, particular
importance is given to the design toolkit, as it forms its oper-
ational core. By systematising functional requirements, digital
solutions, and design guidelines, the toolkit transforms the
platform from a knowledge library into a practical instrument
for developing smart and sustainable packaging solutions.

7.3. The FuturE-Pack design toolkit

Among the key resources offered by the platform, the design
toolkit occupies a central role. Conceived as an advanced instru-
ment to support professionals and organisations, it facilitates
the development of packaging solutions that are digitally en-
hanced, sustainability-oriented, and innovation-driven. Far
from being a mere collection of operational materials derived
from research, the toolkit not only provides guidelines, check-
lists, and resources, but operates as an adaptive system dynam-
ically configured according to users’ specific needs through a fil-
ter-based logic. Accessible via the platform’s design toolkit area
(fig. 3), it enables users to select the most suitable resources
in a customised and goal-oriented manner. By identifying the
specific design requirements to be addressed, users are guided
through a process structured around interactive configuration
principles. This approach helps define the most appropriate
design path by isolating the precise criteria that the packaging
solution is expected to meet.

A total of 33 design needs has been identified and grouped
into clusters aligned with the various stakeholders within the
packaging value chain. This categorisation aims to provide a
systemic and multi-perspective understanding of the opera-
tional context. The classification system enables a multidimen-
sional reading of packaging functions and facilitates the assign-
ment of clear responsibilities across the actors involved. It is
recognised, however, that certain design requirements may cut
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across multiple stakeholder domains. To address this complexi-
ty, a requirement-stakeholder matrix has been developed, map-
ping each criterion to one or more relevant stakeholders. This
matrix highlights the recurrence and cross-cutting nature of
certain needs, thereby enabling more targeted and context-sen-
sitive resource selection.

Building on this classification, the toolkit is structured in a
modular and standardised format, optimised for high usabili-
ty by designers and sector professionals. This format ensures
streamlined access to content and intuitive navigation, while
preserving the technical depth and rigour required for effec-
tive implementation. Each module comprises a coherent and
interconnected set of components, offering a comprehensive
exploration of the specific design requirement in question. The
layout and visual structure of the toolkit have been developed
to promote communicative clarity, accessibility, and legibility,
even for non-specialist users, while simultaneously supporting
informed and responsible decision-making.

Each module opens with a concise title defining the design
requirement, followed by the relevant stakeholder(s). An in-
troductory component frames the application context and
summarises the overarching objective, offering a conceptual
interpretation of the topic. This is followed by an in-depth de-
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scription of the requirement, outlining its relevance within the
operational context, the design opportunities it creates, and
its systemic implications. Subsequent components articulate
specific design objectives, detailing how the project aims to ad-
dress the identified need. These objectives are supported by
operational guidelines that foster the coherent development
of design responses, providing defined criteria and actiona-
ble recommendations. Each module also identifies applicable
smart digital technologies, including RFID tags, QR codes,
blockchain, artificial intelligence, and others, which can facil-
itate the achievement of the stated goals. A dedicated compo-
nent presents real-world case studies that effectively address
the selected requirement, offering practical insights. Where
relevant, modules also provide links to the platform’s case
studies archive for further exploration. Each module concludes
with a validation checklist, designed as an evaluation tool to
assess the coherence, adequacy, and completeness of the pro-
posed design solution.

Beyond the structure of individual modules, the toolkit is
available in a hybrid format: online, users can interact directly
with the configurator via the platform; offline, downloadable
materials are provided in both PDF and Miro formats, enabling
its use in collaborative environments such as workshops or
co-design sessions. This dual availability allows the toolkit to
adapt to a range of operational contexts, both during the con-
ceptual ideation phase and throughout advanced stages of pro-
ject development, ensuring the functional flexibility required in
contemporary design practice.

By coherently integrating theoretical frameworks, opera-
tional tools, emerging digital technologies, and concrete case
studies, the toolkit serves as a strategic and indispensable ref-
erence for the development of innovative, sustainable, and fu-
ture-oriented packaging solutions. In addition to functioning
as an organised repository of resources, the toolkit also serves
as a decision-support system within the broader design pro-
cess. By facilitating the explicit articulation of design require-
ments and mapping them against stakeholder expectations, the
toolkit supports transparent and traceable decision-making.
It assists designers and organisations in evaluating trade-offs,
prioritising objectives, and selecting strategies that align with
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sustainability goals, technical feasibility, and user needs. This
deliberative framework fosters informed choices and promotes
collaborative negotiation among actors with diverse perspec-
tives and interests.

7.4. Towards a packaging innovation hub for circular and
digital transitions

The FuturE-Pack digital platform represents both the culmi-
nation of a specific research project and the starting point for
a broader trajectory. What began as a project to integrate de-
sign, sustainability, and digital technologies now evolves into
a permanent infrastructure for knowledge, collaboration, and
innovation in the packaging sector. It is the result of a joint ef-
fort by the University of Bologna, the Politecnico di Torino, and
the University of Florence, carried out in collaboration with the
three companies that took part in the experimentation phase:
ZEROBARRACENTO, Astrakode, and Movopack.

This trajectory builds on the experience of the Packaging
Innovation Observatory,? launched in 2019 by the Advanced
Design Unit® at the University of Bologna (see Chapter 2). This
initiative originated with an international symposium® for
which the preparatory work gathered more than 300 cases of
packaging innovation and established a network of universities,
companies, designers, and institutions. Building on previous in-
itiatives such as blogs, online archives, and other repositories, it
was conceived as a structured effort to critically and systemical-
ly observe the packaging phenomenon, originating from a doc-
toral research at the University of Bologna (GIARDINA, 2024).
Its primary objectives included mediating between heterogene-
ous forms of knowledge, developing shared design intelligence,
and building networks between academic research and profes-
sional practice (CELASCHI et al., 2023).

Since then, the Observatory has collected over 650 case
studies, analysed more than 200 documents, produced 18
publications, and formalised a scientific committee with four
universities, while also promoting numerous dissemination
events. From the outset, it was conceived as a design-driven
R&I platform that combined desk and field research, taxono-
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mies, and case study mapping to create a dynamic, open, and
multidisciplinary infrastructure. Its methodology also empha-
sised mapping best practices, aggregating international case
studies, and fostering cross-sectoral dialogue, laying the foun-
dations for the collaborative approach later adopted by Spoke 1
of the MICS programme.® These roots explain how FuturE-Pack
can now evolve from monitoring into a truly collaborative dig-
ital platform.

FuturE-Pack inherits this legacy and projects it into the fu-
ture. It will evolve into a new observatory, conceived not only as
a monitoring tool but as a collaborative platform, an innovation
hub where professionals, researchers, students, universities, and
enterprises can co-design tools, share practices, and generate vi-
sions. Its collective origin explains why the new Observatory is
conceived not simply as an academic initiative but as a collabo-
rative hub, a platform where universities, enterprises, and oth-
er actors can work together across institutional and disciplinary
boundaries. In this sense, the new Packaging Innovation Obser-
vatory will become a living laboratory: a space where innovation
is observed, interpreted, and enacted, and where packaging is
understood as an extended system that encompasses artefacts,
processes, and socio-technical networks (GIARDINA, 2024).

This evolution also responds to the broader framework of
Spoke 1 of the MICS programme, which is developing a digital
portfolio platform to support the sustainable transformation
of the Made in Italy manufacturing sector (JOSSERAND et al.,
2025). FuturE-Pack will be integrated into this portfolio, which
is destined to become the digital infrastructure of the entire
MICS. This integration will ensure that packaging innovation
relates to other sectors and benefits from an interdisciplinary
environment that fosters cross-sectoral synergies, knowledge
exchange, and competence sharing.

Looking forward, the new observatory takes on a dual re-
sponsibility. On the one hand, it consolidates packaging as a
strategic node in ecological and digital transitions, enabling
systemic innovation across value chains. On the other, it rein-
forces design as an anticipatory and responsible practice. The
challenge is not only to design for sustainability but to em-
brace regenerative approaches that restore and improve ecosys-
tems and communities (SUCCINI et al., 2025). Moreover, crises
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should not be regarded merely as obstacles but as opportunities
for transformation, requiring design to continuously anticipate
and reconfigure practices (CIRAVEGNA, 2020).

In conclusion, through its integration into the MICS digi-
tal portfolio and its role as the new Packaging Innovation Ob-
servatory, FuturE-Pack embodies a long-term commitment to
sustain transitions through collaboration, shared knowledge,
and responsible innovation. It is both the synthesis of research
carried out so far and a projection into the future: continuing
to shape packaging as a driver of ecological and digital transfor-
mation and as a field in which design responsibilities are con-
stantly being renewed.

Author role acknowledgement: This chapter is the result of
a collective effort by all Authors. Specific contributions are ac-
knowledged as follows: Section 7.1. was authored by E. Cirave-
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This book presents the outcomes of the FuturE-Pack research project,
developed within the Made in Italy Circolare e Sostenibile (MICS)
extended partnership and funded by the Italian National Recovery
and Resilience Plan (PNRR). It focuses on the application of smart
solutions in packaging design, exploring the transformation of this
field into a strategic domain for sustainability and innovation.
Bridging design research, industrial practice, and digital technologies,
it shows how Advanced Design and Systemic Design approaches

can guide transitions towards circular production and responsible
consumption. Combining theoretical perspectives with applied
experimentation in the Made in Italy ecosystem, it offers models,
tools, and case studies illustrating how intelligent and connected
packaging can integrate ethical awareness and environmental goals
with industrial competitiveness and cultural value.
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