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ABSTRACT

The concept of “Made in Italy” refers to the production of goods in Italy, characterized
by a strong association with quality, craftsmanship, and Italian design. In recent
years, digitalization has played a crucial role in the evolution of this sector, becoming
essential for maintaining international competitiveness and influencing various
aspects of the production process. The case studies presented demonstrate how
these transformations disruptively impact creative processes and design thinking
methodologies, bridging the gap between design expertise and production processes.
The research introduces a first case study that integrates digital modeling and robotic
processes in high-craftsmanship furniture production. A second case study documents
the design of a parametric sustainable packaging system through the exploitation
of constrained generative Al and product digitization tools. The research, through
the presented case studies, aims to define e merging processes and skills required
by Italian high-craftsmanship production districts, which can be developed trans-
disciplinarily between historical manufacturing and design knowledge and advanced
technologies. By highlighting challenges and opportunities, it is possible to underscore
that, while there are positive signs in the adoption of digital technologies, many
companies, particularly SMEs, struggle to keep pace with these changes. The main
barriers include a lack of digital skills and high investment costs.

Keywords: Made in Italy, Digitalization, Advanced manufacturing, Robotics, Artificial
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MADE IN ITALY AND DIGITALIZATION PROCESSES

“Made in Italy” means the production of goods within Italy, distinguished
by a strong association with high quality, artisanal craftsmanship, and
italian design. In recent years, digitalization has played an increasingly
pivotal role in the evolution of this sector, becoming indispensable
for maintaining international competitiveness and influencing various
dimensions of production, as emphasized in the Confindustria Report
Digitalization and Innovation in the Italian Manufacturing Sector and the
European Commission’s Joint Research Centre study. The Impact of Digital
Transformation on Italian Manufacturing SMEs (Goretti, 2023).
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As highlighted in the Confindustria Report ‘Digitalization and Innovation
in the Italian Manufacturing Sector’ and the European Commission’s Joint
Research Centre’s study ‘The impact of digital transformation on Italian
manufacturing SMEs’, the integration of intelligent systems into design and
manufacturing processes is revolutionizing the industry, promoting greater
efficiency, flexibility, and product customization. The National Industry
4.0 Plan, promoted by the Ministry of Economic Development, aims to
transform the Italian manufacturing sector through digitalization along four
main lines: i) Innovative investments, ii) Skills, iii) Enabling infrastructures,
iv) Public support. The plan seeks to enhance the competitiveness of Italian
companies in international markets and create an innovation ecosystem. The
adoption of technologies such as Industry 4.0, the Internet of Things (IoT),
blockchain, Big Data Analytics and integration with additive manufacturing
systems has enabled Italian companies to improve product efficiency, quality,
and sustainability, while also allowing continuous monitoring and real-time
adaptation of production (Goretti et al., 2020; Galli, 2021; Terenzi & Benelli,
2021; Bianchi, 2022; Lombardi & Rinaldi, 2023; Terenzi & Goretti, 2024).
Furthermore, the use of artificial intelligence (Al), machine learning, and
cyber-physical systems facilitates advanced automation and optimization of
design and production processes, reducing time and costs.

The structure of Italy’s manufacturing districts is based on networks of
numerous independent small and medium-sized enterprises (SMEs), each one
specialized in specific tasks. The most prevalent form of business relationship
among these firms is subcontracting. Production coordination is managed by
a leading SME, which oversees design, product engineering, and logistical
operations. Since the late 1990s, the term “cluster” has been introduced,
following Porter’s definition (Porter, 1998), to describe these economic and
territorial organizational structures.

With the launch of the Lisbon Strategy in 2000, the European Commission
initiated a shift from an industrial to a post-industrial or knowledge-based
economy, aimed at enhancing the competitiveness of European businesses.
Varaldo (2006) identifies key factors in defining the knowledge-based
economy: the growing importance of knowledge and intangible assets within
the Global Value Chain (GVC), along with the exchange of information,
expertise, and services.

In light of the new challenges that the production sector is called upon to
manage and which affects the entire process, from conception to production
to the end of the product’s life, this research seeks to explore organizational
and operational models for a “renewed” Made in Italy concept, which
combines the intrinsic values of high craftsmanship with technological
innovation. In summary, while craftsmanship embodies the artistic skills
and intangible values associated with production (Fuchs et al., 2015), the
convergence of this expertise with contemporary innovation gives rise to
what Goretti (2017) terms “advanced craftsmanship.”

We can thus assert that the digital transition requires significant
investments and continuous training of human capital, both in production
and in design processes. The research, through the presented case
studies, aims to define emerging processes and skills required by Italian
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high-craftsmanship production districts, which can be developed trans-
disciplinarily between historical manufacturing and design knowledge and
advanced technologies.

DIGITALIZATION IN MANUFACTURING: EFFECTS ON SUPPLY-CHAIN
AND PRODUCTION MANAGEMENT

The SME Instrument under the EU Horizon 2020 program targeted
innovative small and medium-sized enterprises (SMEs), offering strategic
support for development and internationalization. This initiative has enabled
significant transformations within manufacturing districts, fostering a new
technological paradigm in production and cluster organization.

The ongoing digital transformation of Italian furniture manufacturing
networks integrates key distinctive features of Italian industrial districts,
including:

1. The development of technological innovation in production processes,
facilitated by technology transfers from other sectors (e.g., automotive,
fashion);

2. The preservation of craftsmanship values within the technological
innovation of supply chains;

3. Innovations in logistics, including advancements in production planning,
time-to-market efficiency, materials procurement, and traceability (Fry
et al.,2017).

However, according to the 2021 Digital Infrastructure Index published
by Ernst & Young, the digital landscape in Italy remains uneven. One
contributing factor is the “miniaturization” of the Italian production system,
which has hindered widespread adoption of digital infrastructure. The
Index evaluates the degree of digital infrastructure adoption and efficiency
across 107 Italian provinces. Additionally, the OECD’ Skills Outlook
2021 reported a low diffusion of technological skills in Italy, placing the
country among the lowest-ranked in Europe in terms of digital skills, market
exposure, and policies promoting skill development. In fact, although there
are positive trends in the adoption of digital technologies, many companies—
especially small and medium-sized enterprises (SMEs)—struggle to keep pace
with these advancements. The primary obstacles include a shortage of digital
skills and the high costs associated with technological investment. Therefore,
it can be concluded that the digital transition necessitates substantial
investments and continuous training of human capital in both production
and design processes.

Conversely, it is noteworthy that in 2020, a significant majority of
SMEs acknowledged the critical importance of adopting digital tools to
address market challenges, particularly in response to the COVID-19
pandemic. More than 40% of SMEs allocated over 10% of their budgets
toward digitization initiatives, while 50% dedicated more than 30%. This
demonstrates a clear acceleration in digital transformation efforts among
SMEs, aimed at enhancing resource efficiency, reducing production costs,
and increasing work flexibility (EU, SME Annual Report 2021).
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Moreover, studies indicate a strong association between resilience—
achieved through the incorporation of new digital technologies—and social
capital. Locational choices create a “proximity premium,” promoting a
growth-survival-maturity framework for SME resilience. This highlights
the importance of clusters, revealing an interplay between entrepreneurial
activities and decisions related to planning, networking, learning, and the
adoption of new technologies (Herbane, 2019).

The integration of intelligent systems into design and manufacturing
processes is transforming the industry, fostering greater efficiency, flexibility,
and product customization. The National Industry 4.0 Plan, spearheaded
by the Ministry of Economic Development, aims to revolutionize
the Italian manufacturing sector through digitalization across four key
areas: (i) innovative investments, (ii) skills development, (iii) enabling
infrastructures, and (iv) public support. This plan seeks to bolster
the competitiveness of Italian companies in international markets while
cultivating an innovation ecosystem. The adoption of technologies such as
Industry 4.0, the Internet of Things (IoT), blockchain, Big Data analytics,
and integration with additive manufacturing systems has enabled Italian
companies to enhance product efficiency, quality, and sustainability. These
technologies also support continuous monitoring and real-time adaptation
of production processes (Goretti et al., 2020; Galli, 2021; Terenzi & Benelli,
2021; Bianchi, 2022; Lombardi & Rinaldi, 2023; Terenzi & Goretti, 2024).
Additionally, the use of artificial intelligence (AI), machine learning, and
cyber-physical systems facilitates advanced automation and optimization of
design and production processes, leading to reduced time and costs.

« Simultaneously, the integration of digital archives with manufacturing
taxonomies is crucial for organizing and analyzing industrial information.
Digital archives enable the cataloging and management of vast datasets
related to production processes, materials, and finished products,
improving traceability and corporate knowledge management (Smith &
Johnson, 2021; Brown, 2022; Keller, 2023; Wang & Gao, 2022; Zhang
& Tao, 2023). These digital implementation aims at developing following
strengths:

. Developing a digital archive to create a taxonomy of craftsmanship
integrated into industrial processes.

. Implementing 3D scanning technologies to facilitate reverse engineering
of classic craftsmanship and new design artifacts (Goretti et al., 2022).

. Introducing digital management platform to Product Lifecycle
Management (PLM) (Goretti et al., 2022).

« Improving time-to-market and responsiveness to market demands.

. Coordinating company departments and suppliers more effectively.
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Figure 1-2: Parametric modelling for craftsmanship, machine-based works and
assembly management (source: Baldi, Florence).

Within this framework, the italian model of the industrial district proves
to be functional and strategic in order to engage a level of competitive
digitalisation that is in line with the standards of manufacturing quality
already appreciated. In this sense, the issue of the technological training
of a new productive class, capable of controlling and managing the new
instruments of production and design within the value construction chain
of goods, also becomes central.

Universities, research and development units, vocational training centres
and schools for technological education become an integral part of industrial
districts and can play a decisive role in stimulating a renewal and propulsion
action for the economic revival of territories and for the improvement of
production conditions. While the effects of increasing digitisation in the fields
of industrial production, on the one hand, lead to direct effects, so to speak,
downstream of the production processes themselves, on the other hand, they
also alter the frame of reference to which the training system must effectively
correspond, requiring new competences and skills.

In the context of a sustainable upgrading programme of Made in Italy, the
conscious management of areas of proximity between university and industry
(such as applied research hubs, business incubators, collegial dialogue and/or
cross advisory boards), in which new forms of production are created,
therefore prove to be as essential as the construction of synergetic relations
of supply, processing and/or transformation of raw materials.

TECHNOLOGY INNOVATION IN MANUFACTURING BASED ON
DIGITALIZATION PROCESSES

The case studies presented illustrate how these transformations have a
disruptive impact on creative processes and design thinking methodologies,
effectively bridging the gap between design expertise and production
processes. We focus on SMEs that have successfully undertaken digital
transitions through Industry 4.0 management software and hardware,
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adopting “smart” production management without compromising the value
of high-quality craftsmanship.

ROBOTICS INTEGRATION IN FURNITURE MANUFACTURING

The research presents a case study that integrates digital modeling and
robotic processes into high-craftsmanship furniture production. In 2016, the
Tuscany Region launched a strategic project aimed at redesigning the product
development and organizational structure of the Quarrata manufacturing
cluster. This initiative sought to foster innovation in design, production, and
internationalization, focusing on seven key furniture production chains with
the following objectives:

. Design management innovation: Engaging specialized researchers in
design management, product development, and marketing to promote an
innovation-driven shift in entrepreneurial practices. The project included
visiting programs and workshops to enhance this transition.

o Training new human resources: Providing education and practical
experience through joint industry-academia laboratories, fostering a new
generation of skilled professionals.

. Development of pilot capsule collections: Creating pilot collections for
each of the seven production chains, showcasing the integration of
artisanal craftsmanship with advanced technologies.

The project also highlighted notable case studies that exemplify the
fusion of artisanal skills with cutting-edge technology. One such case is
the supply chain led by Artigiangomma, a key company in the Quarrata
district (Tuscany), specializing in upholstery and component assembly for
sofa systems. Artigiangomma manufactures its own polyurethane foam and
padding, maintaining a strong artisanal identity while developing a complex
supply chain over time.

Within this production cluster, Superevo stands out for its innovative
approach to working with polystyrene blocks, following contemporary
design trends. These blocks are spray-coated with polimex! foam using CNC
machines and robotic systems. This advanced process allows the creation of
lightweight products with complex shapes, unachievable through traditional
methods. Superevo utilizes 3D modeling to define the shape, followed by
CAD-CAM software for post-processing, which translates design files into
the robot’s programming language. Artisans then collaborate with the robotic
systems to finalize the product.

At the end of its lifecycle, the product can be disassembled into its
individual components, which can be separately recycled and reintroduced
into the production process, in line with the principles of a circular economy.

The supply chain also includes companies that adhere to traditional
artisanal practices, such as custom upholstery solutions and handcrafted
carpentry, creating a rich blend of innovation and craftsmanship.

IPolimex is a type of composite material that consists of a polimer matrix reinforced with fibers of other
additives, which enhance its mechanical properties (Polimex Group).
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The supply chain and in particular the company Superevo presented a
significant grow in between 2017 and 2024. Today the company offers
manufacturing servisice for independent designers and international design
brands.

Figure 3: Polimex works through robots at superevo (photo: Gabriele Goretti).

Figure 4: Polimex works through robots at superevo (source: Superevo).
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Figure 5: Funrniture design in polimex (photo: Gabriele Goretti).

PARAMETRIC SOFTWARE AND ARTIFICIAL INTELLIGENCE
INTEGRATION IN PACKAGING DESIGN AND MANUFACTURING

A second case study documents the design of a parametric sustainable
packaging system through the exploitation of constrained generative Al and
product digitization tools.

The project refers to a packaging system developed by the ORIGAMI
research group of the University of Tuscia, under the scientific coordination
of Dr. Jurji Filieri, as part of a call for projects promoted by the multinational
Emec Pumps. The challenge focused on the development of innovative
packaging solutions, with a strong sustainable imprint, aimed at providing
highly flexible product protection solutions, suitable for goods with different
material and dimensional characteristics.

In 2022, the company signed a memorandum of agreement with the
company Lazio Innova, an in-house company of the Lazio Region dedicated
to innovation, credit and economic development for companies as provided
for by Regional Law No. 10/2013, and aimed at promoting business
networks and local excellence. The objective of the agreement is to
promote applied research in the cardboard packaging sector, aimed at
exploiting automated packaging technologies for single-material boxes with
a flexible configuration, based on cutting and folding planar surfaces. In
the immediately following phase, the partnership was extended to research
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groups on a national scale, through an initial selection of project proposals
and a preliminary assessment of the technical and economic feasibility
characteristics of each project by a group of experts and stakeholders
involved in various ways in the processing and production process (customer,
raw material suppliers, plant manufacturers, client cluster).

The university research group formed part of the shortlist that was
involved until the end of the discussion process. Through a design-driven
approach, the multidisciplinary ORIGAMI group, composed by product
designers, engineers, graphic designers and supply chain experts, elaborated
the design of an elastic cardboard spacing frame, placed at the base of the
packaging system, thanks to the development of a mathematical algorithm.
On the one hand, this one turned out to be capable of interpolating container
(normalised to the main logistics and transport standards) and content
geometries for the automated definition of cutting dimensions and bending
angles, on the other hand of offering a variable level of rigidity commensurate
with the material characteristics of the product being carried in.

The experience described configured a potential test-board for the
upgrading of the manufacturing knowledge heritage of the sector (in the case
study related to packaging), through the involvement of strategic players such
as educational institutions (universities) and support agencies for access to
innovation and research in SMEs.

In addition to the project outcome, which led to the creation of a university
spin-off and the filing of patents related to the solution developed, the
experience conducted brought out two radical qualities, already present in
the Italian district tradition:

. the relational dimension, whereby it appears fundamental to activate
privileged channels of interlocution between operators sharing territorial,
cultural, interest or knowledge clusters

. the opportunity to promote actions of wide horizontal involvement of
actors in the proto-project phase, adopting non-deterministic thinking
models, also based on lateral thinking. In the text ‘Six Thinking Hats’
(De Bono, 1990), the psychologist describes at least six alternative
and different thinking positions from which to frame the same issue,
highlighting how wide-ranging and transversal the preliminary analysis
of each issue and consequently its solution can be. This preliminary
interpretative variability certainly influences choices and decisions within
a direct decision-making process, such as a project, but even more so it
determines ‘augmented’ conditions for the intuitive reworking of available
information, i.e., an optimal context for the development and growth of
knowledge.

CONCLUSION

This research, through the analysis of selected case studies, aims to
identify the emerging digitalization processes in Italian high-craftsmanship
production districts, alongside related technological advancements in
production within this evolving ecosystem. These processes can be cultivated
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through a transdisciplinary approach that bridges traditional manufacturing
and design expertise with advanced technologies.

The emerging scenarios explored in this research foster new skills within
SME clusters, focusing on the following key areas:

« The resilience of companies in response to economic crises.

« The integration of advanced technologies into traditional craftsmanship,
not as a substitute for the human values of artisanship, but as a means to
enhance them through digital tools.

Moreover, as demonstrated through the analyzed case studies:

. The potential of digital technologies and advanced machinery is
increasingly evident.

The introduction of these innovative tools offers new possibilities and
strengths, not only in production but also in design processes. These
advancements allow design departments to explore a wider range of
solutions. Indeed, the examples presented suggest a proactive integration
and synergy between advanced manufacturing processes and design thinking,
enabling firms to enter new market domains and develop novel design
repertoires.
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