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Introduction 
Production processes, in particular those of the manufacturing sector, are the 
heart of productivity and the engine that makes it possible to create goods and 
products, which will circulate on national and international markets.  

The manufacturing and industrial sector is currently the subject of strong 
technological and digital innovation, aimed at revolutionizing its production 
processes through the use of artificial intelligence, Big Data analysis and 
supercomputing applications. 

In this report we analyze the development of the sector in Europe and then in 
Italy.  

We then present use cases based on projects and initiatives of companies and 
research centers active in the territories. These projects offer a concrete vision 
on the adoption of advanced technologies in different Italian business and 
institutional contexts.  

The second half of the report focuses on the ICSC Foundation's projects dedicated 
to the digitalization of production processes. 

Finally, we show future trends and scenarios, outlining the long-term prospects, 
highlighting the main technological, economic and regulatory developments 
expected.  
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Production processes: what are they? 

By production process, in the broadest sense, we mean the chained series of 
operations aimed at transforming a raw material or a semi-finished product into 
a finished product, ready to be sold on its reference market. 

For several decades, the manufacturing sector has been at the center of strong 
innovation, new technologies in fact offer new production prospects, improving 
efficiency and safety at work, reducing production waste and thus increasing the 
competitiveness of companies on the market. 

The push for the digitization of production processes, in particular that coming 
from the European Union, is also aimed at promoting the green transition, 
reducing the deleterious impact of industrial activities on the environment and 
communities. From this point of view, technological solutions based on artificial 
intelligence, Big Data analysis, the use of IoT devices and HPC technologies 
represent the main tools for implementing this revolution.  

In particular, the aforementioned technologies can produce concrete 
improvements in the production chain, bringing innovations such as intelligent 
and real-time monitoring to be able to intervene promptly in the event of failures 
and reduce machine downtime, preventive maintenance, based on Big Data and 
AI analysis, which makes it possible to predict the wear and operation times of 
machinery,  remote intervention, allowing operators to stay in the field less, thus 
reducing risks and dangers in the workplace, the use of Digital Twins for the 

simulation of deterioration times or the operation of certain machinery and 
materials. 

Manufacturing companies are therefore engaged in a transition towards 
digitalisation and intelligent automation that will allow them to enjoy benefits in 
various areas: they will achieve an increase in efficiency and production which in 
turn will be reflected in an improvement in competitiveness within the market, 
secondly, new technological solutions will reduce the risk for operators in the 
workplace and optimise resources,  Energy efficiency and the reduction and use 
of production waste will allow a positive turn towards the fight against climate 
change and the green transition. 
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Where are we in Europe? 
The European Union has numerous bodies and initiatives concerning the 
manufacturing sector and the digitization of its production processes. A strong 
push in this direction was also given by the Draghi Report on European 
competitiveness published in September 2024 by Mario Draghi. 

The report outlines in particular the stagnation that has characterised the 
European industrial structure over the last two decades, with little investment in 
research and innovation, marking a wide gap in productivity growth compared to 
the United States, which invests about twice as much as the EU, especially in the 
technology sector, as can be seen in the Figure 1. 

  
Figure 1: Decomposition of the average annual productivity growth of the productive sector. 
Selected sectors: USA and EU (pp, 2000 – 2019). (Credits: The future of European 
competitiveness Part A | A competitiveness strategy for Europe - The Draghi report on EU 
competitiveness) 

Among the solutions proposed by Draghi to bridge this gap is precisely a greater 
integration of digital technologies and artificial intelligence in the production 
processes of European industry, especially in the pharmaceutical, automotive, 
energy and transport sectors.  

The use of artificial intelligence in production processes in the manufacturing 
sector allows numerous advantages such as the possibility of implementing 
more accurate monitoring of the entire production chain and predictive 
monitoring techniques, reducing waste and improving production performance. 

Among the European Commission's initiatives aimed at digitizing the 
manufacturing sector is the Industry 5.0 approach, which represents a significant 
evolution compared to Industry 4.0 as it not only focuses on technological 
optimization, but also on the centrality of the human factor in production 
processes and environmental sustainability. The use of artificial intelligence plays 
a key role in the transition to industry 5.0, the European Commission supports an 
anthropocentric approach: AI is mainly used to support operators in the sector, 
through applications such as intelligent and predictive automation, AI 
technologies of blockchain, smart contacts and IoT for monitoring the and 
transparency of the production chain and finally the use of advanced algorithms 
and neural networks for Big Data analysis. 

In 2024, the Commission also published "ERA - industrial technologies roadmap 
on human-centric research and innovation for the manufacturing sector", a tailor-
made guide for the EU to accelerate the green and digital transition in the 
European manufacturing sector, in particular highlighting that technologies such 

https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en#paragraph_47059
https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en#paragraph_47059
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as AI contribute not only to economic development, but also to social well-being. 
The document therefore promotes a concrete path of evolution, suggesting the 
creation of multidisciplinary training programs, the development of European 
platforms for the exchange of good practices and knowledge, the shared use of 
Digital Hub structures and the promotion of specific and common standards and 
certifications within the EU.  

 

Figure 2: Use of different technologies among the different European manufacturing companies 
interviewed (Credits: ERA industrial technologies roadmap on human-centric research and 
innovation for the manufacturing sector - Publications Office of the EU ) 

 

ERA also lists the main enabling technologies for the human-centric approach of 
Industry 5.0, including collaborative automation, augmented reality and virtual 
reality, Big Data analysis, AI applications and smart wearable devices. Within the 

document., as can be seen in the Figure 2, it is also analyzed which technologies 
are most widely adopted in the manufacturing sector and its production 
processes. 

Among the longest-running initiatives of the European Union in terms of 
innovation and standardization in the manufacturing sector, it is important to 
mention the ManuFuture platform, conceived in 2003 during the General 
Assembly of CIRP (Collège International pour la Recherche en Productique) and 
supported by the European Commission. This platform brings together European 
companies, universities, research centres and public bodies with the aim of 
proposing, developing and implementing a strategy based on Research and 
Innovation, capable of accelerating the pace of industrial transformation towards 
high value-added products, processes and services, ensuring highly qualified 
employment and conquering a significant share of the world's manufacturing 
production.   

ManuFuture is also one of the main promoters of the European Manufacturing 
Conference, the last held in June 2024, and currently has numerous initiatives 
both at European and national level, promoting the development of production 
processes also within individual member states. 

 

 

Where are we in Italy? 

https://op.europa.eu/en/web/eu-law-and-publications/publication-detail/-/publication/4a5594d1-4ee3-11ef-acbc-01aa75ed71a1
https://op.europa.eu/en/web/eu-law-and-publications/publication-detail/-/publication/4a5594d1-4ee3-11ef-acbc-01aa75ed71a1
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In Italy there is no single body dedicated to the digitization of the industrial and 
manufacturing sector and most of the initiatives aimed at this end arise from the 
European push and the desire to adapt to these to supranational guidelines. 

The main government plan is in fact the Transition Plan 5.0 promoted by the 
Ministry of Enterprise and Made in Italy (MIMIT) which is part of the European 
desire to accelerate the digital and energy transformation process of companies 
and makes available 12.7 billion euros, which can be used in the two-year period 
2024-2025. In particular, in line with the short and medium-term actions 
envisaged by the REPowerEU plan, Transition 5.0, with a total financial allocation 
of €6.3 billion, aims to encourage the transformation of companies' production 
processes. 

Italian companies can therefore benefit from a subsidy proportional to the 
expenditure incurred for new investments, including the purchase of software 
and platforms for the intelligence of plants that guarantee the continuous 
monitoring and visualization of energy consumption and self-produced and self-
consumed energy, or introduce energy efficiency mechanisms, through the 
collection and processing of data also from the IoT sensors of field. 

On the Italian scene, Industry 4.0 Competence Centers also stand out, i.e. public-
private competence centers, present throughout the country, which support 
companies in the development of projects and solutions in the digital field. 
Among these it is possible to list MADE Competence Center, CIM 4.0, Bi-Rex, 
Artes 4.0, Start 4.0, Meditech, Smile and Cyber 4.0.  

The Digital Innovation Hubs, on the other hand, are centers under the guidance 
of Confindustria with a regional or interregional dimension that have the task of 
stimulating and promoting the demand for innovation in the production system, 
strengthening the level of knowledge with respect to the opportunities offered 
by digitization and representing the "gateway" of companies to the world of 
Industry 4.0.  

Also on the national territory you can also find the Digital Enterprise Points (PID): 
an initiative of the Chambers of Commerce and Unioncamere to support the 
digitization of companies in the context of the Enterprise 4.0 plan, offering a 
series of services and opportunities such as basic digital start-up courses, tailor-
made training, coaching of competent figures or direct assistance.  

 

 

 

Figure 3: Italian ecosystem to support 
companies (Credits: What are the Digital 
Enterprise Points and the Enterprise 4.0 
Network | PID ) 

https://www.puntoimpresadigitale.camcom.it/paginainterna/cosa-sono-punti-impresa-digitale-network-impresa-40
https://www.puntoimpresadigitale.camcom.it/paginainterna/cosa-sono-punti-impresa-digitale-network-impresa-40
https://www.puntoimpresadigitale.camcom.it/paginainterna/cosa-sono-punti-impresa-digitale-network-impresa-40
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From the Digital Innovation Observatories of 
the Politecnico di Milano  

In the 2021 report of the Artificial Intelligence Observatory – Digital Innovation 
Observatories of the Politecnico di Milano "Artificial intelligence in 
manufacturing", an analysis of AI applications in manufacturing production 
processes was presented, with a focus on the state of the art in Italian 
companies. 

From the industrial revolution to today, the manufacturing sector has always 
been the subject of great innovations and is currently the subject of strong 
digitization. The 2021 report emphasized how AI could make a significant 
contribution in its specific Intelligent Data Processing applications, in order to 
more effectively identify inconsistencies, redundancies and correlations. The 
report also showed that 90% of manufacturing companies already had a correct 
conception of what AI was and 68% had a positive opinion of it. 

Analyzing the progress of AI projects, the report showed that only 16% of 
companies had completed at least one project, adoption and the implementation 
process can in fact encounter several barriers in all their phases: among the 
companies in the sample, 56% had in fact reported as the main obstacle the lack 
of internal skills and the difficulty in finding them on the labor market,  while 40% 
also reported the reduced readiness of customers to understand the value of AI 
solutions. 

 
Figure 3: The brakes on the adoption of AI in manufacturing companies.  (Credits: Artificial 
intelligence Observatories 2021- Politecnico di Milano - www.osservatori.net) 
With the rapid evolution of artificial intelligence applications in recent years, 
Italian companies have continued to invest more and more in these solutions, as 
the report "The Adoption of Artificial Intelligence in 2024: Italy compared with 
Europe", also produced by the Artificial Intelligence Observatory, investigates.  

In 2024, the manufacturing sector remained stable in the AI market, with an 
overall market value share of 15%, and among the most established AI 
applications in the sector were predictive maintenance based on machine 
learning models, quality control automation and AI-based demand forecasting 
systems. Most of these solutions are then developed thanks to traditional 
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artificial intelligence applications, such as artificial vision systems that allow the 
monitoring of the entire production process chain.  

As can be seen in Figure 4, the manufacturing sector therefore holds a 
considerable share within the Italian AI market, but the average expenditure per 
company is still quite low when compared to other sectors. The high market 
share is therefore mainly due to the large number of companies, especially SMEs, 
present within the sector. 

 
Figure 4: The Artificial Intelligence market in Italy. (Credits: Osservatori Artificial 2024 - 
Politecnico di Milano - www.osservatori.net) 
Considering then the report of the Start-up Thinking Observatories - Digital 
Transformation Academy: "Digital Innovation priorities for companies for 2024: 
investment trends" it is confirmed that, even in the context of the digital 

transition for large and very large Italian companies, of which 34% of respondents 
were part of the manufacturing sector, there are still many limits to the adoption 
of Artificial Intelligence and new technologies,  First of all, the lack of personnel 
with adequate skills within the company.  

 
Figure 5: The barriers to digital transformation. Credits: (Credits: Start-Up Digital Thinking 
Observatories 2024 – Digital Transformation Academy - Politecnico di Milano - 
www.osservatori.net) 
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Production processes: what use cases? 
The manufacturing sector can boast a wide range of projects and applications of 
new technologies in its production processes, most of these solutions allow to 
solve problems related to the very nature of the company, demonstrating the 
potential of Industry 4.0 and its evolution 5.0, able to exploit the versatility of new 
technologies and tailoring applications and improvements for each specific case. 

We have mapped some virtuous examples of companies, small and large, that 
use new technologies (Big Data, Supercomputing, Artificial Intelligence) in their 
production processes or that help other companies to develop the potential of 
these innovative tools. 

In the following paragraphs, we present some use cases, highlighting: 

  abstract of the project; 

  expected benefits and/or objectives of the project; 

 technology used in the project. 

 

To share new use cases, you can fill out the form at the following link: 
https://forms.office.com/e/6ZNCp04rUW . 

  

https://forms.office.com/e/6ZNCp04rUW
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KITT4SME: Introducing AI to SMEs 

KITT4SME "platform-enabled KITs of arTficial intelligence FOR an easy 
uptake by SMEs" is a project that specifically aims at the digitalisation of 
European small and medium-sized enterprises, providing tailor-made hardware, 
software and organisational kits ready for industrial use, fostering the integration 
of solutions that employ artificial intelligence (AI) in their production systems. 

  The project is divided into four areas of validation and development: the 
molding and injection sector, the quality systems sector, the precision 
instruments sector and finally the electrical equipment sector. The development 
and introduction of AI solutions in each of these four areas will contribute to the 
achievement of the overall objectives, such as the automation of industrial 
processes, the reduction of errors, the increase in production flexibility and a 
consequent improvement in the quality of the products and the productivity and 
efficiency of the company. KITT4SME also has as its ultimate goal the creation of 
a skills development center capable of improving the digital skills of European 
workers and supporting standardization in the data economy sector.  

These objectives can be achieved thanks to the use of various 
technological applications, first of all artificial intelligence integrated with an 
infrastructure based on FIWARE for combination with existing industrial systems. 

IoT sensors and other wearable devices will then be used for real-time data 
collection and the creation of data-driven solutions 

 

 

 

 

 

 

 

 

 

 

Artificial Intelligence for SMEs | KITT4SME AI to improve any Business 

https://kitt4sme.eu/
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Innovation and sustainability in production 
processes: the WASABI project  

  WASABI is a project born within the I4MS initiative of the European 

Commission, aimed at establishing a European network for research and 
technology transfer. WASABI provides companies with digital assistance 
solutions that promote human-AI interaction in the manufacturing sector. 

  The project therefore makes digital assistance and conversational 
artificial intelligence solutions a standard and accessible practice, convenient and 
manageable even for SMEs, fostering their capacity for technological and 
operational innovation, achieving both excellent levels of market 
competitiveness and the sustainability standards imposed by the EU. The 
management of resources and the investment of one's finances is in fact a factor 
of great importance for SMEs, an area in which the solutions proposed by 
WASABI can have a more than positive impact, reducing the training time of 
workers and assisting them during the most complicated tasks. 

 The use of conversational AI is made easier and more intuitive thanks to 
a Natural Language Processing (NLP) system, which allows computers to 
understand, interpret and respond to human language in an increasingly 
natural and effective way. WASABI, with a view to sustainability, reuses and 

customizes technologies from other projects, in particular it uses the rEUse 
waste management platform and the COALA digital assistant, based on AI and 
able to support the production and final testing of products. 

 

 

 

 

 

 

 

 

 
wasabieu | Digital Intelligent Assistance Solutions 

 

https://wasabiproject.eu/
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Boosting the competitiveness of SMEs: Airise.eu 

 Also within the framework of the I4MS initiative, the Airise.eu project 
offers several services for the integration of artificial intelligence solutions to 
small and medium-sized enterprises, including an initial AI Navigation service, i.e. 
an initial analysis of the company to understand the challenges of their 
production processes and combine it with the most suitable AI application. 

  The ultimate goal of Airsise.eu is the promotion of more efficient 
production systems in the manufacturing sector, in order to reduce production 
waste and greenhouse gas emissions, while still ensuring resilient production 
and competitiveness within the market. 

 Arise.eu makes extensive use of artificial intelligence, proposing six 
different areas of application to SMEs: it proposes the use of AI in the field of 
design and engineering, in the field of process monitoring and control, in the field 
of manufacturing operations, in the field of the production chain and in the supply 
chain and finally in personnel training services. All these areas can benefit in a 
diversified way and with different intensities from the integration of AI solutions, 
but they all contribute to the development of the final goal of sustainability of 
production processes, maintaining the competitiveness of SMEs. 
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Supply chain and circular economy: the 
CIRCULOOS project 

 CIRCULOOS offers a transformative possibility towards the circular 
economy to small and medium-sized enterprises, relying on the potential of 
data-driven solutions for the construction of a collaborative ecosystem in which 
supply chains can become dynamic and reduce their impact on the environment. 

  The goal of CIRCULOOS is therefore to build a new management of 
circular and end-to-end supply chains that integrate advanced multimodal 
analytics, to do this it is therefore essential to create a platform for circular and 
agile supply chains. 

 This platform will have an open ICT architecture and will build on the 
existing RAMP IoT and marketplace platform already in use in many 
manufacturing SMEs. The platform will be divided into three modules dedicated 
to: smart manufacturing, sustainability assessment and reliable data sharing, so 
as to collaboratively orchestrate all production and execution processes along the 
entire supply chain. In addition, the RAMP software components for data 
management derive from the consolidated elements of the FIWARE architecture, 
a reference for Digital Twins. 
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TO. REDGIO 5.0: a project for the evolution of the 
manufacturing world 

 TO. REDGIO 5.0 is a project born as part of the I4MS2 initiative and which 
coordinates the evolution of the European manufacturing sector towards 
industry 5.0, bringing Cloud and AI technologies to companies, to arrive at 
production processes based on active collaboration between humans and robots. 

  Among the objectives of AI. REDGIO 5.0 there is a desire to create a 
reference architecture for AI-at-the-edge applications through the development 
of consolidated methods and tools. Secondly, the project also wants to create a 
computational space and edge-to-cloud secure data continuum for AI 
applications, also proposing the transition from regional Digital Innovation Hubs 
to a network of EDIHs for AI applications used in the manufacturing sector, also 
supporting the principle of interoperability by design. 

 In order to show and make the most of the benefits of artificial 
intelligence applications in the manufacturing sector, three types of experiments 
were conducted: a test-before-invest in the Didactic Factories of 14 regions and 
two waves of sme-driven validation experiments, therefore focused on small and 
medium-sized enterprises. These experiments consisted of a demonstration of 
the  

development and implementation of an AI-based solution in a real-world 
industrial environment. This was possible thanks to the collaboration between a 
technical supplier, who collects the needs and develops the AI solution, and an 
industrial company, which describes the current scenario and demonstrates the 
feasibility of adopting the proposed solution.  

 

 

 

 

 

 

 

 

 

 

 
 

 

AI REDGIO 5.0 | EU project 

https://www.airedgio5-0.eu/
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The use cases presented in the following section have been chosen and collected 
among the projects developed by MADE – Industry 4.0 Competence Center. 

Actor-active monitoring: reducing fire risk with AI 

 The Trentino-based company Meccanica del Sarca counts among the 
typical processes of its production processes the processing of wood using 
machine tools that involve accumulations of chips and dust, while the increase in 
cutting stress leads to a localized increase in heat and therefore to a start of fire 
ignition inside the plant. The company, in collaboration with Cefriel, has therefore 
developed an alarm system integrated with AI, even in the face of the poor 
functioning of traditional monitoring and alarm systems.  

  Actor-active monitoring is a solution that brings numerous benefits to 
the company, including an improvement in risk management, in fact by 
identifying the cause of the danger in real time it is possible to apply the most 
suitable solution to mitigate it. It is also believed that with this system the 
economic impact of potential damage due to fires can be reduced by 90%. 

 The project uses artificial intelligence algorithms applied to computer 
vision techniques to equip a traditional camera with additional features such as 
the identification of sparks that could cause a fire and the classification of 

hazardous conditions appropriately cataloged for the company's work. Risk 
detection then takes place in real time, thus creating an intelligent real-time 
monitoring system of production processes, enabling the company to carry out 
work in an unattended manner. 

 

 

 

 

 

 

 

 

  
ACTOR- ACTIVE MONITORING - MADE 

 

https://www.made-cc.eu/it/progetti-di-innovazione/actor-active-monitoring/
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Prod.-Man.-Gest. control: strategic maintenance 
of the systems  

The Bergamo-based company Lombarda S.p.a. manufactures concrete 
products for the construction sector and currently the control of production 
processes and machinery maintenance is carried out manually. The Prod.-Man.-
Gest Control system therefore aims to endorse this problem, ensuring the 
automatic detection of plant process data through connectivity solutions 
between machinery and an information system developed for real-time control 
of machine performance and operation. 

  The project therefore aims to speed up the detection of production 
processes, making their management more efficient and bringing a strategic 
approach to maintenance, also increasing the availability of machines with a new 
management of downtime or breakdowns. In this way, the company optimizes 
production, being able to plan orders according to machine availability, and also 
gains a competitive advantage in the market. 

 Prod.-Man.-Gest Control is developed in collaboration with Alleantia and 
Fincons Group and to achieve its automation objectives it uses sensors and 
revamping solutions of the machinery necessary for the automatic detection of 

production parameters, combined with a digital platform for real-time 
monitoring and control of production and maintenance. 

 

 

 

 

 

 

 

 

 
 

CONTROL PROD.-MAN.-GEST. -MADE 

https://www.made-cc.eu/it/progetti-di-innovazione/controllo-prod-man-gest/
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Numerical Control Machines and Big Data: 
Machines Data Integration 

 Valtecne Spa is a company specialized in precision mechanics and 
optimization of numerical control (CNC) machines, improving productivity and 
competitiveness. However, the current non-digital management of CNC machine 
tool factory data causes inefficiencies in the production process, not allowing 
standardization in the tool preparation process and generating an economic loss 
due to the potential purchase of "double" tools. The Machines Data Integration 
project therefore proposes the implementation of a digital and integrated 
management of tool data. 

  The objectives of Machines Data Integration are therefore the 
optimization of the setup of CNC machines and the standardization of the tool 
preparation process that allows the reduction of assembly errors, the 
consequent damage to machinery and tool supply costs. The project also led to a 
reduction in the stress conditions of workers for tool research, as well as the 
reduction of safety risks thanks to the new assembly procedures.  

 A fundamental component of this digitization is the TP32 SW (Integrated 
Tool Management System), which consists of a Python application that provides 

information on the execution status of the extraction after it has been launched 
by the user and prevents any operation that could compromise the input files. 
The ability to analyze Big Data is therefore essential for the correct functioning 
of the TP32 SW application. 

 

 

 

 

 

 

 

 

 
Machines Data Integration - MADE 

The EDGILE project: AI applications in assembly 
lines 

https://www.made-cc.eu/it/progetti-di-innovazione/machines-data-integration/
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 Cosberg is a company specialized in the construction of systems for the 
automation of product assembly processes for various manufacturing sectors. 
Their assembly plants therefore need frequent set-ups to produce different 
product variants, implying long downtime for configuration activities and the 
need for strong technical skills of the plant builder. The EDGILE project proposes 
a platform free from the PLC environment capable of easily setting new 
processing cycles and related process parameters. 

  The company will therefore benefit from this platform by saving on plant 
configuration times, which can be carried out remotely and even by operators 
who are not experts in programming. The platform will also make it possible to 
track production processes in order to guarantee quality of materials and 
workmanship and intelligent adaptive processes will ensure a reduction in waste 
of up to 10%.  

 The project includes several technologies aimed at implementing as many 
functionalities: Edge technologies ensure remote management of the plant, IoT 
technology ensures the traceability of the manufacturing process and 
guarantees product quality indexes. AI technologies, on the other hand, make it 
possible to integrate an adaptive approach to the process, calculating the 
processing parameters of the components to be assembled in real time, and 

finally HMI technology allows a platform interface based on interactive and 
intuitive dashboards. 

 

 

 

 

 

 

 

 

 
EDGILE - MADE 

  

https://www.made-cc.eu/it/progetti-di-innovazione/progetto-edgile/
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Digital Twin of an Oxidation Plant 

 Gaser Ossido Duro srl is a leading company in the field of surface 
treatments for metals that has started a digitization process, but still relies on 
manual solutions for the management of orders, with risks of waste and failures. 
As a solution, the company has launched a project that involves the creation of a 
Digital Twin that will make it possible to simulate the operation of an oxidation 
plant, allowing predictive analysis on failures and maintenance and optimizing 
the scheduling of orders. 

  The implementation of the Digital Twin will improve production efficiency, 
reducing waste of time, resources and energy. The use of equipment and raw 
materials will also be optimized, ensuring compliance with delivery times and 
improving product quality.  The project will also improve business 
competitiveness by reducing inefficiencies, controlling costs and increasing 
production capacity. 

For the creation of the Digital Twin of the oxidation plant, the company will 
use sensors for data collection and upload them to analysis platforms capable of 
using advanced scheduling algorithms.  Production layout simulations can thus 
be performed in a virtual environment before being implemented in the real plant, 
reducing waste and improving the efficiency of production processes. 

 

 

 

 

 

 

 

 

 

 

 

 
Digital Twin of an oxidation plant - MADE 

The use cases presented in the following section have been chosen and collected 
from the projects developed by Bi – Rex – Big Data Innovation & Digital 
Excellence. 

https://www.made-cc.eu/it/progetti-di-innovazione/digital-twin-di-un-impianto-di-ossidazione/
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EVOCATION: monitoring of diagnostic 
parameters with new generation sensors 

 Monitoring, diagnostics, and forecasting techniques can improve the 
efficiency and quality of production processes, with a significant increase in 
competitiveness, but the application of these methods is often limited by the cost 
of acquisition and the scarcity of certain types of information. The EVOCATION 
project, led by Bonfiglioli, aims to address these issues 

  EVOCATION - cOst effective innovative sensors for monitoring diagnostic 
parameters and machine load conditions  aims to create synergistic solutions 
that integrate hardware, software, data-driven techniques and domain 
knowledge for monitoring, diagnostics and forecasting with other application 
transversality. The development will be driven by concrete industrial cases on 
gear motors, industrial valves, automatic machines and pl and metal stamping. 

 The EVOCATION project therefore develops in three complementary 
directions: firstly, they focus on the use of new generation sensors for 
monitoring, at competitive costs and physical quantities poorly covered by 
existing technologies. EVOCATION then aims to identify innovative applications 
for these sensors and design experimentation and setup procedures. Finally, the 

project also defines analysis methodologies that integrate elements of Artificial 
Intelligence, signal processing and physical modeling. 

 

 

 

 

 

 

 

 

 
BI-REX Competence Center 

 

https://bi-rex.it/
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OLEUM SPEC: AI applied to the production 
processes of edible oils 

 The olive oil supply chain, one of the most important in the Italian agri-
food sector, is made up of about 4,300 mills and 220 industrial companies. This 
sector includes different categories, such as: distribution, which interprets the 
needs of consumers and asks for products at predefined prices, packers who 
source from processors and through the art of "blending" create the required 
product. It is in this varied context that the OLEUM SPEC project, led by Lab 
Service Analytica, fits in. 

  The need to introduce rapid analytical systems for an objective evaluation 
of organoleptic characteristics has therefore given rise to the OLEUM SPEC - IA 
project applied to the optimization of production processes for the quality and 
sustainability of the production of edible and extra-virgin oils, which aims to 
apply artificial intelligence in analysis processes in the oil sector,  to facilitate 
compliance with the stringent regulatory parameters of quality and purity. 

 The project develops a semi-supervised predictive model that generates 
vital information to make critical decisions, based on the synergy between 
analytical machines and an on-demand application, capable of acquiring 
information from tools (Industry 5.0) and returning predictive models on product 

quality parameters ("volatolomics", "blending", "shelf life") or process parameters, 
such as predictive maintenance. 

 

 

 

 

 

 

 

 

 

 

 
BI-REX Competence Center 

https://bi-rex.it/
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SMARTCASM: applications of NLU and NLP to 
understand the scope of industrial processes 

 With the advent of Industry 4.0, the use of AI is an area where companies 
have begun to experience enormous benefits, but much of the company's 
knowledge is still stored in unstructured documents such as manuals, 
presentations, Excel or even transmitted by voice. Today it is possible to integrate 
AI with applications capable of collecting this knowledge directly from natural 
language, as the SMARTCASM project, led by Bonfiglioli, aims to do. 

  The project aims to use Natural Language Understanding (NLU) and 
Natural Language Processing (NLP) models to understand the context of 
industrial processes, offering results in the field of integration, efficiency of 
production activities and sharing their understanding at all company levels 
through Knowledge Graph. The development of the project will be guided by 
concrete use cases starting from areas of interest based on the collection and 
sharing of corporate knowledge. 

 Thanks to the study of advanced techniques, such as ChatGPT, it is 
possible to use natural language intuitively, especially in sectors where 
information collection is unstructured. Together with the opportunities offered by 

systems such as Digital Twins, AI applications enhanced by NLU and NLP models 
allow for a simplified and results-focused human-machine relationship. 

 

 

 

 

 

 

 

 

 

 

 
BI-REX Competence Center 

https://bi-rex.it/
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Reducing the environmental impact of production 
processes: the Quest project  

 Quest - Quantification and reduction of the environmental impact of 
automated packaging processes thanks to LCA and Ecodesign is a project 
conceived by IMA to meet the wine regulations and regional provisions on the 
sustainability of production processes related to packaging. 

  The main objective of the proposal is to develop a systemic approach, 
common to the participants and shared for the continuous improvement of 
activities related to the management of the life cycle of automatic packaging 
machines through an approach based on the concepts of environmental 
sustainability and the tools for its implementation. 

 The activities will cover the entire life cycle starting from design, 
construction, use and end of life. As part of the project, a specific environmental 
impact assessment methodology based on the LCSA (Life Cycle Sustainability 
Assessment) and dedicated to automatic packaging and packaging machines will 
be developed. This methodology will be applied to a series of industrial use cases, 
where the most significant types of machines will be selected on which to carry 
out the analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 
BI-REX Competence Center 
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MATRICS: automation of production processes in 
the healthcare sector  

 Baxter SpA in collaboration with K-Digitale Srl has launched the MATRICS 
project - Multi-Assessment Technique for Reducing the Impact of Contamination 
Scenarios, which experiments with traceability and process automation 
applications in the healthcare sector. 

  The goal of MATRICS is to carry out a more effective control in 
contamination risk scenarios, evolving the current manual practice towards a 
digitized system. The solution was tested within a health facility in Lazio. The 
proposal therefore pursues the objective of increasing the competitiveness of the 
companies involved, through a process of improvement and innovation of 
production processes, business models and organizational models. 

 Within the project, two pilot actions have been developed using RTLS 
(Real Time Location Services) technology for the containment of the risk of 
spreading infections, obtaining as an output a solution of absolute relevance and 
replicable and scalable potential in the field of hand hygiene compliance and 
indoor positioning & navigation for healthcare facilities. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Multi-Assessment Technique for Reducing the Impact of Contamination 

Scenarios - MATRICS | BI-REX 
 

https://bi-rex.it/portfolio-items/multi-assessment-technique-for-reducing-the-impact-of-contamination-scenarios-matrics/
https://bi-rex.it/portfolio-items/multi-assessment-technique-for-reducing-the-impact-of-contamination-scenarios-matrics/
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Big Data for Monitoring Diagnostic Routines: the 
DATAH project  

 Baxter SpA in collaboration with K-Digitale Srl has also led the DATAH 
project - A data driven solution to reduce multidrug-resistant (MDR) bacteria 
health hazard, which will develop an innovative digital platform for the 
management and monitoring of diagnostic routines for the active surveillance of 
colonizations of bacteria resistant to antibiotic therapy (Multi Drug Resistant). 

  The aim of the project is therefore to reduce the risk of contracting 
antibiotic-resistant infections within Italian hospitals, digitising and monitoring 
diagnostic routines, in order to establish risk patterns and propose appropriate 
solutions. 

  DATAH defines the architecture of a modular digital platform, with 
particular reference to the definition of dynamic workflows for the management 
of complex protocols thanks to Baxter's expertise in providing products and 
services for hospitals. In addition, the preliminary data collection phase 
highlighted the replicability of the project in multiple hospitals: DATAH is 
therefore not bound to particular sources and data structures, but based on a 
distributed database with the function of Clinical Data Repository. K-Digitale's 
expertise was used to integrate field elements into the platform that can provide 

real-time location data on interactions between patients, healthcare staff, 
visitors and devices. 

 

 

 

 

 

 

 

 

 

 
A data driven solution to reduce multidrug-resistant (MDR) bacteria health 

hazard - DATAH | BI-REX 
 

https://bi-rex.it/portfolio-items/a-data-driven-solution-to-reduce-multidrug-resistant-mdr-bacteria-health-hazard-datah/
https://bi-rex.it/portfolio-items/a-data-driven-solution-to-reduce-multidrug-resistant-mdr-bacteria-health-hazard-datah/
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ARPMAT: a project for the implementation of 
predictive maintenance  

 ARPMAT- Augmented Reality Predictive Maintenance Tool is a project of 
Marchesini Group SpA developed in collaboration with Sterek Sas to apply the 
potential of IoT to predictive maintenance. 

  ARPMAT aims to proactively resolve service issues before they require 
costly field work and cause downtime, while also integrating remote 
troubleshooting to dramatically reduce service staff travel and, when necessary, 
arrive on-site with parts, tools,  the skills and a plan that allow you to increase 
the percentage of resolution at the first intervention. 

  To achieve these objectives , the project aims towards the integration of 
specific sensors into the machines for the detection of "field data" which include 
information on the productivity of each machine and process, quality monitoring, 
failure prevention, slowdowns or interruptions in production, up to the control of 
energy efficiency and the monitoring of safety at work or logos such as data 
matrix or QR Code.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Augmented Reality Predictive Maintenance Tool - ARPMAT | BI-REX 

 

https://bi-rex.it/portfolio-items/augmented-reality-predictive-maintenance-tool-arpmat/


          
 
 

 
 

29 

Big Data for the proactive management of 
logistics flows: the INTRACE project  

 Alascom Srl, in partnership with Unitec SpA, SACMI Imola SC, Bonfiglioli 
SpA, Philip Morris Manufacturing and Technology Bologna SpA and Modis 
Consulting Srl, has created the INTRACE - INDOOR TRACEABILITY project: Indoor 
traceability for the proactive management of logistics flows, which will analyse 
the problems of mainly indoor tracking of End User companies in relation to the 
use cases of certain production processes. 

  The main objective of the project is to identify, develop, integrate and 
apply enabling technologies for product and process traceability along the intra- 
and extra-plant production chain through a collaborative and proactive approach. 

  These objectives have been achieved through the identification of 
applicable sensor technologies and IT solutions for the integration, management 
and analysis of the collected Big Data, which will allow the development of a pilot 
project for the tracking of the chosen use case, through the re-engineering of 
logical and physical processes, the definition of the data structure and the 
integration of the solution into the information system 

 

 

 

 

 

 

 

 

 

 

 

 

 
INDOOR TRACEABILITY: Indoor traceability for the proactive management of 

logistics flows - INTRACE | BI-REX 
 

https://bi-rex.it/portfolio-items/indoor-traceability-tracciabilita-indoor-per-la-gestione-proattiva-dei-flussi-logistici-intrace/
https://bi-rex.it/portfolio-items/indoor-traceability-tracciabilita-indoor-per-la-gestione-proattiva-dei-flussi-logistici-intrace/
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The technologies involved in the production 
processes in the National Research Center in 
HPC, Big Data and Quantum Computing 
The National Research Centre in HPC, Big Data and Quantum Computing 
addresses issues related to the innovation of production processes in Spoke 6 of 
ICSC - Multiscale modelling & engineering applications, coordinated by Prof. 
Fabio Sciarrino in collaboration with Prof. Sergio Saponara. Since production 
processes in the manufacturing sector are a transversal theme, some projects 
related to this theme are found within other Spokes and will still be reported in 
this section. 

 
Figure 4: Logo of Spoke 6 of the ICSC 

Spoke 6 deals, on the one hand, with the computational aspects related to 
"multiscale modeling" and, on the other hand, with the use of HPC and Big Data 
tools for applications in the various fields of science and engineering, thus 
addressing problems that span different disciplines, involving multiple scales, 
heterogeneous and large data sets and interdisciplinary and multiphysical 

approaches.  combined with the unique ability to translate numerical and 
analytical technologies into applications of direct interest and use for different 
scientific and engineering fields at national and international level. 

Among its objectives, Spoke 6 aims to support innovation in various fields of 
engineering with scientific and research activities based on Technology 
Readiness Level solutions, which can therefore bring a positive impact in the 
social and industrial sphere. The projects related to this Spoke therefore explore 
the unique opportunities offered by the power of exascale computing and the 
latest industrial computing clusters to address multiscale problems.  

The use of HPC and Machine Learning (ML) and Artificial Intelligence (AI) tools for 
applications in various fields of science and engineering will allow, among other 
things, to develop Digital Twins and model-based design methodologies. The 
combined power of new methods and new IT architectures will therefore 
facilitate innovation, increasing efficiency and safety in many critical areas of 
engineering, ultimately contributing to the digital transition towards a more 
sustainable future.  

Spoke 6 concentrates projects ranging from the creation of advanced materials 
to computational fluid dynamics, from life science applications to the use of HPC 
for complex systems. Many of these initiatives, sometimes implemented in 
collaboration with other Spokes of the institute, are applied in the manufacturing 
field, innovating production processes, making them safer and more efficient.  

https://www.supercomputing-icsc.it/
https://www.supercomputing-icsc.it/spoke-6-multiscale-modelling-engineering-applications/
https://www.supercomputing-icsc.it/spoke-6-multiscale-modelling-engineering-applications/
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The MM project: digital simulations for chemical 
reactors 
ENI, in collaboration with the University of Bologna, has launched the MM - 
Multiscale modelling of industrial three-phase stirred reactors project aimed at 
developing a simulation strategy for three-phase stirred chemical reactors. 

The predominant mechanisms on which the performance of the reactor depends 
will be modeled through Computational Fluid Dynamics (CFD) codes, taking into 
account the wide range of amplitude and time scales of the selected industrial 
processes, by means of sub-grid models and population balance equations, i.e. 
mathematical equations used to describe the distribution of particles, droplets or 
bubbles within a multiphase system. 

The intensive solving of the model's equations is made possible thanks to super 
computing (HPC) solutions, which make it possible to transpose research results 
from the laboratory scale to the industrial scale. In addition, to ensure the 
industrial applicability of the modeling and simulation strategy, gas-solid-liquid 
dynamics and mass transfer will be described through a Reynolds Averaged 
Multi-Fluid Model (RANS).  

The model will be subjected to a laboratory-scale validation, based on 
experimental data and Direct Numerical Simulation (DNS) simulations, an 
advanced numerical simulation method used in computational fluid dynamics, 
which will allow the identification of reliable closure relationships. 

At the end of the project, a design tool will be provided to ensure a robust scale-
up of the three-phase reactors, taking into account the interaction between the 
chemical, physical and operational conditions of the reactors. 
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ASTRAL: machine learning for CPS diagnostics  
Spoke 6 in collaboration with Spoke 1 developed the ASTRAL - Analysis and 
monitoring (PHM) project of multi-scale critical systems through Artificial 
Intelligence, coordinated by Thales Alenia Space Italia and in collaboration with 
Autostrade per l'Italia, ENI, Engineering, Ferrovie dello Stato, IFAB, Leonardo, the 
Polytechnic University of Milan, Terna, the University of Bologna, the University 
of Pisa and the University of Turin. 

The project aims to develop Machine Learning algorithms for the diagnostics and 
health management of complex cyber-physical systems (CPS), in response to the 
demand for more reliable, accessible and suitable systems for complex life cycles. 
CPSs are systems that integrate physical and digital components, capable of 
combining the physical and digital worlds through sensors, actuators and 
software and are revolutionizing various production sectors, increasing efficiency 
and safety. 

To achieve its goals, ASTRAL intends to develop digital twins of the CPS involved, 
which will feed the AI algorithms for monitoring the reliability of the models. In 
this way, machine learning algorithms will be able to analyze and monitor time 
series to identify possible anomalies in systems with the ultimate goal of 
identifying the causes of these anomalies to prevent them from recurring over 
time. Big Data analysis will also be used to study the reliability of the system and 
estimate the remaining useful life, making it possible to predict a potential 
anomaly long before it occurs.  

ASTRAL also intends to create a cross-cutting collection of use cases, in order to 
create synergies between different industrial sectors and application areas, such 
as the energy, aerospace and critical infrastructure sectors, in order to achieve 
convergence towards a national research strategy, capable of sharing AI-based 
and HPC platforms for prognosis and health-management applications.  

 
 

   

  
 

 

   
A Digital Twin for Fault Identification in 
Turbogenerators: the TUAI project 
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TUAI - TUrbogenerator monitoring and AI-based anomaly detection is an 
extension of the parent project ASTRAL - Analysis and monitoring (PHM) of 
multi-scale critical systems through Artificial Intelligence and is developed within 
Spoke 6 under the guidance of Fincantieri in partnership with the University of 
Pisa.  

The TUAI project seeks to improve production processes in the field of anomaly 
detection and predictive diagnostics in the turbomachinery sector, which 
concerns the design and production of rotating machines capable of transforming 
energy to and from a moving fluid, thus being essential in various industrial 
sectors, including energy,  aerospace, naval and automotive. More specifically, 
turbogenerators are an application consisting of a turbine and an electric 
generator and are able to convert mechanical energy into electricity, making 
them widely used in power plants. 

In fact, TUAI proposes the creation of a Digital Twin of turbogenerators, which 
will feed artificial intelligence and machine learning algorithms that will analyze 
real and virtual sensors in order to be able not only to detect and predict 
anomalies in energy systems, then identifying the causes of these failures, but 
will also make it possible to estimate the residual useful life of the devices. 

The development of this project will not only mark an improvement in the 
effectiveness of the production processes of the companies that will apply it but, 
focusing mainly on turbogenerators and naval applications, it also represents a 
valuable contribution to the Italian strategy on artificial intelligence and high-
performance computing for predictive diagnostics.  

 

 

 

 

 

 

The ML project: advanced numerical simulations 
for the improvement of production processes 
ML - Blending Machine Learning with advanced numerical simulations: 
application to the sustainable exploitation of natural resources is a project led by 
ENI in collaboration with INFN and the University of Trieste that is developed 
within Spoke 2.  
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This project is developed through the combination of advanced numerical 
simulations with machine learning techniques in the field of sustainable 
exploitation of natural resources.  

Advanced numerical simulation refers to the use of a computational method that 
uses mathematical models and algorithms to analyze and predict the behavior of 
complex systems in different sectors. This technique reduces development costs 
and time, while improving the accuracy of model predictions and workplace 
safety. 

Advanced numerical simulations are therefore of great importance for ENI 
engineers, both for the simulation of the modeling of the flow of subsurface 
energy resources and for the simulation of the performance of plants on the 
surface. 

Advanced numerical simulations, combined with machine learning algorithms, 
therefore make it possible to optimize the extraction and management of energy 
resources, improving the efficiency of production processes and reducing the 
risks associated with exploration and extraction activities 

 

 

 

 

 

 

 

 

 

Identifying anomalies in desolvitants: the SAFE 
project 
Spoke 2 also hosts SAFE - Secure anomaly detection edge AI system For critical 
Environments, an IFAB-led project in collaboration with the University of Bologna 
and aimed at promoting safety and efficiency in the chemical, energy and food 
industries. 
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The project consists of the development of an Edge AI system for the prediction 
of anomalies in critical production processes within industries, with a special 
emphasis on the monitoring of desolvitants. A desolventizer is a particular 
industrial equipment, mainly used in the food and chemical sectors, used to 
remove solvents from solid or liquid materials during production processes. A 
malfunction of this equipment can lead to solvent leakage, energy inefficiency, as 
well as worker safety hazards. 

For this reason, SAFE will use sensors for real-time data collection and machine 
learning algorithms to identify any malfunctions in the shortest possible time. 
The Edge AI system will also allow data to be processed without having to send 
it to remote servers, improving speed and security. 

The articulation of this project can be summarized in four main phases: the 
analysis of the problem that allows to identify the criticalities of industrial 
processes, data management, the development of the Edge AI model for 
anomaly detection and finally a test and validation phase to estimate the 
reliability and accuracy of the model in real operating conditions 

 

 

 

 

 

 

 

 

 
 

WTM – Wind Blade Modeling to Estimate Energy 
Production 
WTM - HPC-scale wind turbine modelling and simulation for maintenance and 
forecasting was born within Spoke 6, under the coordination of ENI in partnership 
with CNR and the University of Rome Sapienza, with the aim of developing 
advanced technologies for the simulation of wind energy behaviour. 

These simulations are based on multiscale and multiphysics models 
implemented on HPC architectures, which will improve the management and 
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efficiency of wind farms, incorporating the expertise of industry-leading 
academics and research groups of industrialists specialized in the field of wind 
energy. 

The project will explore three main themes, exploiting innovative approaches in 
wind energy measurement. A first theme involves the creation of a model 
capable of analyzing the phenomenon of blade erosion, so as to predict how 
much energy can be produced by a given turbine and how much will be lost due 
to erosion. Secondly, the project aims to be able to predict how much energy can 
be produced by the entire wind farm. Finally, SAFE plans to create an intelligent 
shift monitoring system thanks to AI, which will be operational thanks to 
condition-based monitoring systems and which will allow predictive 
maintenance to be implemented, ultimately reducing costs. 

The integration of HPC architectures and AI algorithms will therefore allow the 
construction of advanced simulation models, which in turn will allow a more 
effective and sustainable management of wind energy. 

 

 

 

 

 

 

  

AWAD: the challenge of waste disposal 
processes 
The production processes of industries create numerous scraps and wastes that 
are increasingly chemically complex and consequently difficult to dispose of. In 
response to this problem, IFAB, in partnership with CNR, Tampieri, the University 
of Pisa and the University of Trieste, has launched the AWAD project – Agro-
industrial Waste valorization through Machine-learning Accelerated Design, 
which is positioned in the ecosystem of Spoke 7. 
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AWAD in particular focuses on the degradation mechanisms of agro-industrial 
waste, transforming it from waste, such as natural biofillers, to marketable 
biocompounds with optimized properties. In this way, the agri-food industries 
will also be able to benefit from their waste materials, creating new production 
processes. 

The project therefore aims to identify the modes and mechanisms of degradation 
of natural biofillers, these results will then allow the creation of regression 
models based on machine learning to predict the mechanical properties of the 
final plastic biocomposites.  

These machine learning models, which link natural components to degradation 
and mechanical properties, can also be used in other research in materials 
science and engineering.  

The initiative also includes the rational design of measures for the minimisation 
of biocharge degradation and the creation of predictive models for the functional 
properties of agricultural-based biocomposites. 

 

 

 

 

 

  

  

Making production processes more efficient 
through new materials: the PISA project 
Spoke 7 also hosts PISA - Harnessing HPC: Granarolo's Bio-Driven RevolutIon for 
Sustainable Packaging, an IFAB-led project in collaboration with CNR; ENEA, 
University of Pisa, University of Trieste and University of Trento. 

PISA wants to implement production processes by making them more 
sustainable and focuses on innovation in the packaging of dairy products through 
the creation of bio-based plastics, which are easily recyclable. 
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The project will implement new materials and better solutions for agri-food 
industries, supply chains and packaging industries: the new option will therefore 
not only bring benefits within the production processes of different sectors, but 
will also allow for a longer shelf life of dairy products and a more circular 
economy, minimizing CO2 emissions associated with the life cycle of packaging. 

To achieve this goal, the project will make use of a combined strategy of a wide 
range of modeling techniques based on super computing (HPC), which will 
simulate workflows, thus  allowing the study of the properties of bioplastics, 
giving space to biodegradable solutions or solutions from recycled materials. 

 

 

 

 

 

 

 

 

 
 

 

  
 

Reducing troubleshooting times in the maritime 
industry: ATOS 
As part of Spoke 9 of the ICSC, Fincantieri in collaboration with the University of 
Milano-Bicocca has developed the ATOS - Automatic Troubleshooting for 
Onboard Ship Systems project aimed at improving failure response times in the 
naval sector. 
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Ships' on-board systems are large, complex systems that manage the entire 
operation of vessels and their intrinsic complexity leads them to be prone to the 
manifestation of anomalous behavior, the origin of which must be promptly 
identified and resolved to avoid serious accidents.  

The ATOS project approaches this issue in two phases: through iterative fault 
localization implemented by an operator first, and computer-assisted resolution 
later, where operators will be supported in diagnostics and repair. 

The concrete proof of the effectiveness of this methodology will be produced by 
the application of these techniques to three different systems subject to FC NXT, 
the Italian company of excellence Fincantieri NexTech that provides products and 
services in the field of naval automation, electronics and advanced systems. 

ATOS is particularly important in the fossil fuel power generation and chemical 
industries, where fast identification and troubleshooting is crucial to ensure 
safety and operational efficiency. 

 

  

 

 

 

 

 

 

 

Emerging technologies for manufacturing 
processes 
In the document of the Joint Research Center of the European Commission "Weak 
Signals in Science and Technologies – 2024. Technologies at an early stage of 
development that could impact our future", 221 weak signals are identified in 
terms of emerging technologies. 36 of these concern the field of materials and 
advanced manufacturing. 

In the field of manufacturing, weak signals are reported, particularly in the field 
of additive processes. 
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Figure 5. Additive processes in the factories of the future. Images generated with AI tools 
(credits: Observatory on Supercomputing trends and applications, 2025) 

Focus: Words of the Future 
What is a Weak Signal? 
 
Weak signals are emerging clues or trends that, while initially inconspicuous or 
not yet fully developed, can anticipate significant changes in an industry, 
market, or society.  
Characteristics of weak signals are: 

- Low initial visibility: they are not yet mainstream and may be 
overlooked by many; 

- Potential growth: if observed over time, they can strengthen and 
become dominant trends; 

- Ambiguity: it is not always clear if and how they will affect the future; 
- Multidisciplinarity: they can come from different sectors and have 

transversal implications. 
Identifying weak signals requires careful observation of market dynamics, 
scientific research, social behaviors and technological innovations, combining 
quantitative and qualitative data to intercept the future before it becomes 
evident. 
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Additive Friction Stir Deposition 
Additive Friction Stir Deposition (AFSD) is an emerging solid-state additive 
manufacturing process that combines the principles of friction stir welding and 
3D printing. Unlike traditional metal 3D printing methods that melt the material 
with lasers or electron beams, AFSD builds objects without melting the material, 
but simply softening it via friction. 

It starts with a metal material in the form of a bar or wire, which is pushed 
through a rotating tool. The tool, by rotating and pressing against the surface, 
generates frictional heat that softens (but does not melt) the material. The 
softened material is plastically deformed and mixed with the substrate or 
previous layer, creating strong mechanical adhesion. The process continues by 
layering layers to obtain a complete 3D object. 

Key benefits: 

- Solid-state process: No casting implies fewer defects (such as porosity or 
cracks); 

- Excellent mechanical properties due to the fine-grained structure created 
by the process; 

- Compatible with hard-to-weld alloys, such as aluminum, titanium, high-
strength steels; 

- Low residual stresses and deformations because temperatures remain 
below the melting point. 

Laser Direct Energy Deposition 
Laser Direct Energy Deposition (Laser DED) is an advanced metal additive 
manufacturing technology that uses a high-powered laser to melt material as it 
is deposited, building objects layer by layer. Unlike solid-state processes such as 
AFSD, DED melts the material directly, allowing for greater geometric freedom 
and the ability to repair or modify existing components. 

It starts with a metal material in the form of powder or wire, which is fed directly 
into the processing area via special nozzles. A focused laser instantly melts the 
material at the point where it is deposited. The material solidifies quickly, forming 
a solid layer that adheres to the substrate or previous layer. The deposition head, 
mounted on a robotic arm or CNC machine, moves according to a defined path, 
allowing the construction of the 3D part. 

Key benefits: 

- Precise and localized material deposition thanks to targeted laser control; 
- Repair and coating of existing components, as well as the construction of 

new parts; 
- Possibility of combining different materials in a single component; 
- Reduction of material waste compared to traditional subtractive 

processes. 
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Powder bed fusion 
Laser Powder Bed Fusion (LPBF) is one of the most widespread and advanced 
technologies in metal additive manufacturing, belonging to the powder bed 
fusion family. It uses a high-powered laser to selectively melt thin layers of metal 
powder, building the piece layer by layer with extreme precision. 

The process begins with laying an even layer of metal powder on a platform. A 
focused laser scans the surface following the 3D model of the part, melting only 
the desired areas. Once the melting of the layer is complete, the platform lowers 
by a fraction of a millimeter and a new layer of dust is distributed on top. This 
cycle repeats until the complete component is obtained. 

Key benefits: 

- High resolution and precision: ideal for complex and detailed 
components; 

- Good mechanical properties: due to the complete melting of the material; 
- Geometric freedom: allows the creation of complex and reticular internal 

geometries; 
- Suitable for a wide range of metal materials, including steel, titanium, 

aluminum, nickel and specialty alloys. 

 

Volumetric additive manufacturing 
Volumetric Additive Manufacturing (VAM) is an emerging and revolutionary 3D 
printing technology that stands out from traditional additive methods by its 
ability to create three-dimensional objects in a single pass, without proceeding 
layer by layer. It is based on principles similar to tomography (as in medical CT 
scans) and uses projections of light or energy to simultaneously solidify an entire 
volume of photosensitive material. 

The process involves the use of a photosensitive liquid resin contained in a 
transparent container. Through multiple, synchronized light projections, 
calculated from a 3D model, the resin is selectively irradiated from different 
angles. Areas of the liquid that receive enough energy solidify simultaneously, 
giving shape to the object in seconds or minutes, without mechanical movement 
or layer-by-layer deposition. 

Key benefits: 

- Exceptional production speed: objects printed in seconds or minutes; 
- Absence of visible layers: smooth surface and superior aesthetic quality; 
- Greater design freedom thanks to the absence of supports or mechanical 

constraints; 
- Less mechanical stress and deformation of the workpiece due to uniform 

solidification. 
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Industry 5.0: the paradigm of the 
manufacturing of the future 
The concept of Industry 5.0 is also emerging. It is not a technology in the strict 
sense, but a transformative paradigm of manufacturing that blends human 
ingenuity with artificial intelligence, emphasizing a more sustainable, resilient 
and human-centered approach.  

 
Figure 6. The history of industrial revolutions: the novelty of Industry 5.0 is the introduction of 
robotics, AI, renewable resources, bionic systems, and a sustainable approach. 

Its main objective is to harmonize technological advances with human values, 
ensuring that innovation benefits both individuals and the environment, offering 
numerous benefits such as the creation of high-quality and personalized 
products, greater circularity of the economy and a renewed focus on social 
responsibility and environmental protection. 

According to Precedence Research, the global Industry 5.0 market size was 
$71.15 billion in 2024 and is expected to increase from $93.39 billion in 2025 to 
approximately $987.11 billion by 2034, with a compound annual growth rate 
(CAGR) of 30.08% from 2025 to 2034. This market growth, visualized in Figure 7, 
is strongly driven by the growing need for personalisation at scale. 

 
Figure 7. Market scenario for Industry 5.0. Credits: Precedence Research. 



          
 
 

 
 

44 

 North America held the highest market share in 2024. At the same time, the 
region promises steady growth over the entire forecast period. In general, it 
maintains a business-friendly regulatory framework, which promotes 
investment, entrepreneurship, and technological advancement. Regulations 
related to industry standards, data privacy, and intellectual property rights are 
often clearly defined, providing businesses with optimal conditions to grow and 
innovate. New technologies are being adopted in this region that deliver tangible 
benefits, including cost reductions, increased operational efficiency, improved 
customer experiences, and sustainable practices. 

Asia-Pacific is the fastest-growing region in the Industry 5.0 market during the 
forecast period. It has a strong industrial base in many industries, including 
consumer goods, electronics, automotive, and pharmaceuticals. Industry 5.0 
technologies and processes can be successfully implemented on this established 
industrial basis. In addition, thanks to the widespread availability of high-speed 
internet and the implementation of Industry 4.0 technologies, there is a strong 
acceleration in digitization and connectivity. Supply chain optimization and smart 
factories are two examples of modern manufacturing concepts that require the 
adoption of such digital infrastructure. 

What technologies for industry 5.0? 
The 2024 report "ERA industrial technologies roadmap on human-centric 
research and innovation for the manufacturing sector", the European 

Commission outlines the technologies with the greatest impact for the so-called 
"human-centricity".  

Overall, emerging technologies, through the integration of advanced solutions, 
have made widespread customization and individualized production possible. 
The use of flexible manufacturing techniques allows companies to tailor products 
to specific customer needs while maintaining cost efficiency. 

Industry 5.0 aims to improve overall efficiency, predict maintenance needs, and 
optimize operations through artificial intelligence and machine learning 
algorithms. 

Smart factories use data analytics to make real-time decisions, reducing 
downtime and increasing efficiency. Industry 5.0 has seen an increase in the use 
of digital twin technology, which allows manufacturers to virtually model and 
replicate real-world assets. This has made testing, simulations and predictive 
maintenance possible, reducing costs and improving the quality of the final 
product. 

 

Automation 
When designed and/or implemented with a human-centered 
perspective, these technologies support the interaction 
between human and machine autonomy in automated and 
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augmented socio-technical systems (composed of human and artificial agents) 
for effective collaborative task execution. 

• Adaptive automation 

• Control and monitoring of automation (control centers) 

• Prediction-based interaction 

• Reliability indication and confidence calibration 

Calculation 
These technologies support interaction with multimodal 
communications for seamless interaction. 

• Affective computation for experience optimization 

• Natural language processing 

• Cloud computing 

• Edge computing 

• Blockchain 

AI and Machine Learning 
These technologies facilitate the use of big data and artificial intelligence for 
data-driven experience optimization and to improve analytical capabilities. 

• XAI (Explainable Artificial Intelligence) for interactive support 

• XAI for model transparency 

• XAI for the analysis of the importance of characteristics 

• Recognition of human intention and support needs 

• User modeling for behavior prediction 

Simulation and Immersiveness 
These technologies facilitate remote presence and create new 
capabilities to operate, maintain, train, lead, and co-design 
work environments. 

• Digital Twin for real-time data integration and 
synchronization 

• Digital Twin for the simulation of human-machine interaction 

• Human Digital Twin 

• Extended Reality (AR, VR, MR) and Holography 

Robotics 
These technologies support the interaction between human 
and robotic agents to improve physical and psychological 
safety in the collaborative execution of tasks. 

• Cobots / collaborative robotics for (secure) collaboration 
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• Robotic learning through demonstration or interaction 

• Intuitive robotic programming 

• Human-Robot teaming 

Industrial wearables and smart artifacts 
These technologies can increase individual skills and the 
usability of industrial equipment, providing feedback on well-
being and performance, leading to greater job satisfaction and 
well-being. 

• Exoskeleton for physical support 

• Smart glasses for remote assistance 

• Tangible interfaces for industrial applications 

• Dedicated interaction devices (e.g. smart pens) 

• Smart gloves for advanced interaction 

• Wearable interfaces for seamless interaction 

Knowledge management 
These technologies support workers' contextual training, skills 
development, and personal growth. 

• Data visualization for decision support/analysis and insights 

• Process visualization for compliance, motivation, and understanding 

• Contextual training, skills development and personal growth 

User interface 
These adaptive interaction technologies support new forms of 
human-machine interaction by providing real-time feedback on 
personal performance and holistic, intuitive work interfaces. 

• Multimodal human-machine interface for smooth interaction 

• Persuasive interfaces for optimization in production 

• Intuitive holistic interfaces for the workplace 

• Context-aware assistance systems 

• Conversational dialogue/adaptive systems 

• Flying HMI interface for remote support 

Connectivity 
These technologies can improve skills and motivate workers, 
make skills and qualifications visible, and facilitate knowledge 
sharing for a learning organization. 

• Internet of Everything (IoE) 
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Customized systems 
Personalization systems are proactive navigation structures, 
designed around user expectations, that provide personalized 
labels and functionality. 

• Adaptive interaction technologies 

• Real-time feedback on personal performance 
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To quote the report 
Observatory on Supercomputing trends and applications (2024). "Observ-actions 
on... PRODUCTION PROCESSES OF THE FUTURE. Trends and applications of 
Supercomputing, Big Data and Quantum Computing". 
www.osservatorio.supercomputing-icsc.it 

 

In conjunction with the report, the Observatory organizes a 
webinar on the same topic. The webinar hosts experts, 
researchers and innovation professionals who are interested in 
the topic at hand, to share use cases and future applications 
with the community.  

Register or watch the webinar on  
https://osservatorio.supercomputing-icsc.it/eventi/live-

webinar-osserv-azioni-su-processi-produttivi/ 

 

 

 

 

 

The Observatory on Supercomputing Trends and Applications is a project of the 
National Research Center in High-Performance Computing, Big Data and 
Quantum Computing. 

Created and managed by IFAB (International Foundation Big Data and Artificial 
Intelligence for Human Development), the Observatory has a privileged focus on 
SMEs, Public Administrations and Communities. 

The Observatory's activity consists in mapping the most 
advanced technological innovations, developing future 
scenarios for the development of research and innovation 
ecosystems and creating opportunities for the members of 
these ecosystems to meet. 

Read this and other reports on  
www.osservatorio.supercomputing-icsc.it/report/ 
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