
Ciravegna 
FuturE-Pack

17 FuturE-Pack
Designing Smart Packaging for  
Circular and Sustainable Made in Italy
edited by Erik Ciravegna





Fondazione Bologna University Press
Via Saragozza 10, 40123 Bologna
tel. (+39) 051 232 882 
ISSN 2385-0515
ISBN: 979-12-5477-670-4
ISBN online: 979-12-5477-671-1
DOI: 10.30682/9791254776711

Copyright © Authors 2025
CC BY 4.0 License

www.buponline.com
info@buponline.com

I diritti di traduzione, di memorizzazione elettronica, di riproduzione e di adattamento totale o 
parziale, con qualsiasi mezzo (compresi i microfilm e le copie fotostatiche) sono riservati per 
tutti i Paesi.
L’Editore si dichiara disponibile a regolare eventuali spettanze per l’utilizzo delle immagini 
contenute nel volume nei confronti degli aventi diritto.

In copertina: immagine realizzata da Camilla Sartor e Alice Cavallini
Progetto grafico: Gianluca Bollina-DoppioClickArt (Bologna)
Impaginazione: Oltrepagina (Verona)
Prima edizione: novembre 2025

Collana del Dipartimento di Architettura – DA
Dottorato in Architettura e Culture del Progetto 
Alma Mater Studiorum – Università di Bologna
Direttore del Dipartimento: Fabrizio Ivan Apollonio
 
Comitato Scientifico:
Cristina Gonzalez Longo, Carola Hein, Piotr Kuroczynski. Dijon Moraes jr., Ana C. Mourao Moura, 
Henrik Reeh, Rosa Schiano-Phan, Uwe Schroeder
 
 
Comitato di Indirizzo: Collegio del Dottorato in Architettura e Culture del Progetto
 
Tutti i contributi pubblicati all'interno della Collana sono sottoposti a un processo di double-blind 
peer review.

Studio condotto nell’ambito del Partenariato Esteso MICS (Made in Italy Circolare e Sostenibile), 
finanziato dall’Unione Europea – NextGenerationEU (PIANO NAZIONALE DI RIPRESA E RESILIENZA 
(PNRR) - MISSIONE 4 COMPONENTE 2, INVESTIMENTO 1.3 – D.D. 1551.11-10-2022, PE00000004). 
I punti di vista e le opinioni espresse sono tuttavia solo quelli degli autori e non riflettono 
necessariamente quelli dell’Unione europea o della Commissione europea. Né l’Unione Europea né la 
Commissione Europea possono essere ritenute responsabili per essi.

mailto:info@buponline.com


FuturE-Pack
Designing Smart Packaging for  
Circular and Sustainable Made in Italy

edited by Erik Ciravegna





Summary

	 7	 Preface
		  Change as the driver of innovation
		  Flaviano Celaschi

	 11	 Introduction
		  FuturE-Pack: A collective research journey into smart and sustainable packaging design
		  Erik Ciravegna

	 17	 1. Understanding packaging complexity: Functions, meanings, and relationships
		  Erik Ciravegna

	 29	 2. Advanced Design for packaging transitions: Responsibilities, roles, and tools
		  Erik Ciravegna, Veronica Pasini, Ludovica Rosato, Davide Pletto

	 49	 3. Packaging sustainability and circularity: A Systemic Design perspective
		  Silvia Barbero, Mariapaola Puglielli, Martina Spinelli, Veronica Pasini, Caterina Antonia 

Dattilo

	 73	 4. Packaging impacts: From assessment methods and tools to design strategies
		  Caterina Antonia Dattilo, Massimo Delogu, Veronica Pasini, Lisa Filippini, Martina 

Spinelli

	 91	 5. Smart packaging: Integrated solutions for circular and sustainable innovation
		  Erik Ciravegna, Silvia Barbero, Sara Battistini, Mariapaola Puglielli, Camilla Sartor, 

Martina Spinelli

	 113	 6. Smart packaging for fashion e-commerce: Experimentation in the Made in Italy ecosystem
		  Ludovica Rosato, Caterina Antonia Dattilo, Mariapaola Puglielli, Camilla Carrara

	 135	 7. Digital advanced tools for smart and sustainable packaging design
		  Erik Ciravegna, Sara Battistini, Lisa Filippini, Camilla Sartor, Michele Zannoni

	 149	 Acknowledgements

	 151	 Authors’ profiles



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 Chain1 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,2 specifically within Spoke 1, dedicated to the topic of 
Digital Advanced Design: technologies, processes and tools,3 
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-
sità di Bologna,4 the Systemic Design Lab at the Department of 
Architecture and Design of Politecnico di Torino,5 and the Eco 
Design Innovation Team at the Department of Industrial Engi-
neering of Università degli Studi di Firenze.6

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 
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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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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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