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TRACK 1  

Design and Management of Production System 

Chair Prof. Marco Macchi 
Time Name University Level Project Title 

10:30 
10:45 

Saverio 

Ferraro 
Florence First Sustainable logistics for large ETO products 

10:45 

11:00 

 

Luca 

Adelfio 
 

Palermo First 
Design of plants for the production of 

sustainable materials by reusing waste from 

industrial processes. 

11:00 

11:15 
Francesco 

Mancusi 
Basilicata First 

Proactive maintenance, reverse logistics, 

sustainability, optimization, customer 

satisfaction 

11:15 

11:30 

 

Maira 

Callupe 
 

Politecnico di 

Milano 
First 

Learning spaces in engineering higher 

education: the role of space design and 

digital technologies 

11:30 

11:45 

 

Alessandra 

Cantini 
Firenze Advanced 

Review the configuration of spare parts 

supply chains: Dynamic Asset Deployment 

Methodologies 

11:45 

12:00 

 

Abror 

Hoshimov 
 

Politecnico di 

Torino 
Advanced 

A framework development forintegrating 

Lean Manufacturing toolsand level of 

automation in warehousedesign and 

management 

12:00 

12:15 
Valeria Fois Cagliari Advanced 

Wind power plan and social impact 

assessment 

12:15 

12:30 
Lorenzo 

Donati 
Roma Advanced 

Measurement and improvement of the 

resilience of industrial plants and supply 

chains 

 

  



 

 

 

 

 

 

 

 

 

Context and main scientific issues under investigation  
For companies, transport system is considered a vital element to stimulate commercial trade and hence 

promote economic development. However, logistics operation negatively impacts the environmental 

context. Therefore, this project focuses on the development of decision models that aim to minimize 

environmental impact of logistics activities. In particular, the focus is on large products, especially of 

the ETO type, and how the product life cycle (PLC) phases are connected to logistics activities. In fact, 

the development of large products, such as complex production systems (CoPS), requires the design of 

inbound logistics, storage and internal handling, outbound logistics and reverse logistics. Once the 

characteristics and production-logistics constraints of large ETO products have been identified, this 

project aims to develop decision models for (i) the planning of packaging and materials, (ii) the selection 

of distribution strategies based on both inbound and outbound transport modes (considering also 

intermodality, multimodality and combined modes), and (iii) the optimisation of reverse logistics 

activities for packaging and end of life materials. The three objectives will consider the minimisation 

of environmental impacts and will be analysed on a case study operating in the Oil & Gas sector. 

 

Research questions addressed  
The main objective of this research project is to review and extend the current knowledge on sustainable 

methodologies and tools for green supply chain management, that will be applied and tested on real 

case studies or simulations, providing indications on their performance on environmental, economic, 

logistics through all the phases of large ETO products life cycle. It is intended to develop novel and 

social sustainability. The research questions of this project can be summarized as follows: 

RQ1) What are the production-logistics constraints and characteristics of CoPS through all the PLC 

phases and how much do they impact on the environment? 

RQ2) What are the inbound and outbound transport modes and how can they be combined to minimise 

environmental impacts? 

RQ3) How can the procurement of components and packaging be planned considering the reverse 

logistics flows? 

 

Research Objectives and Research Methodology  
In this project three objectives are set to answer the proposed research questions: 

O1) First, a bibliometric and bibliographical research are conducted to identify the current state-of-the-

art. Specifically, the aim is to understand the production-logistics constraints and characteristics, the 

transport modes, and relation to quantify the environmental impacts. 

O2) Then, decision-making models for the choice of suppliers and transport modes are analysed in more 

detail. The models will then be applied to an industrial case study bounded by the constraints of large 

CoPS for both inbound and outbound logistics activities. The results are quantified and analysed on the 

environmental, economic, and social sustainability domains identifying multiple feasible solutions. 

O3) Finally, a model for component and packaging prediction and optimization is developed 

considering the activity flows of reverse logistics. The model will be developed using simulation tools 

and artificial intelligence algorithms with data from an industrial case study. 

The outcomes of this study can assist logistic managers, logistic providers, and researchers for the 

planning of sustainable large ETO logistic process. 

  

Sustainable logistics for large ETO products 
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Context and main scientific issues under investigation  
Construction is recognized as one of the most polluting sectors in the world mainly due to the high 

consumption of energy and natural resources. Therefore, the development of less energy-intensive  

production systems of sustainable construction materials could represent a step forward for the green 

transition of this sector. In this regard, GeoPolymers (GP) seem to be promising for a sustainable 

replacement of cementitious materials. In particular, recent studies have shown that geopolymer 

concrete has performance characteristics suitable for building applications, when different percentages 

of industrial waste are reused in the mix. The reuse of industrial waste or by-products in secondary 

production systems represents one of the possible strategies to improve the sustainability of many 

manufacturing sectors. In fact, the reuse of industrial waste is one of the strategies envisaged by the 

action plan for the circular economy included in the "New Green Deal", a package of political initiatives 

adopted by the European community to achieve climate neutrality by 2050. One of the key sectors for 

the green transition of European countries is construction, that is more and more asked to evolve towards 

innovative ecological binders and green cost-effective processes. Therefore, scientific research on 

greener building materials whose production is more sustainable and includes the reuse of industrial 

wastes represents one of the great challenges for the green transition of the whole manufacturing sector. 

 

Research questions addressed  
RQ1) What are the bases from which the development of an industrial production system of geopolymer 

mortars can start? 

At first, it is necessary to analyse the production processes of geopolymer mortars on a laboratory scale 

and hypothesize an industrial scale up. In particular, it is necessary to identify the most suitable 

machinery for the realization of transformation technologies on an industrial scale. This phase requires 

an accurate literature analysis and a direct comparison with machinery manufacturing companies, in 

order to identify the best plant engineering solutions. 

RQ2) What possible wastes or by-products could be used for the production of binders or could they be 

used as aggregate materials? 

Obviously, the search for suitable waste for building applications must be based on a double analysis. 

An analysis of the chemical composition and the performance characteristics of the potential waste to 

be reused (which is not the subject of this study). An environmental and plant engineering analysis of 

the implementation of these wastes in the previously developed production system. 

RQ3) How will the energy optimization of production processes be carried out?  

Once the production chain has been identified on an industrial scale, the production system will be 

optimized by exploiting the approach of the analysis of the life cycle of materials and processes. In this 

way it will be possible to identify the critical points from an energy and environmental point of view 

and make the necessary changes. 

 

Research Objectives and Research Methodology  
As regards the analysis of each production process and the energy and environmental optimization of 

the system, the Life Cycle Assessment (LCA) approach will be used. This methodology allows to 

evaluate the environmental impact of a product, service or production system by assessing the 

environmental footprint of each life cycle phase of the given product, service or system. In particular, 

the Simapro software will be used as a tool for applying the LCA methodology. It is a tool that allows 

to model each process, analyse energy and resource consumption, view emissions and impact indicators 

related to the processes. The results of the LCA analysis will also be an input for choosing the best plant 

configuration, following a multi-criteria approach. The multi-criteria analysis methods allow to arrive 

Design of plants for the production of sustainable materials by 

reusing waste from industrial processes. 
Luca Adelfio 

University of Palermo 



at an optimal solution when there are several alternatives that must be evaluated with respect to criteria, 

often conflicting with each other. In the choice of the most suitable plant solutions, there are different 

criteria of technical, environmental and economic nature, from the evaluation of which normally 

univocal results are not obtained. For this reason, the application of a multi-criteria decision-making 

methodology is the simplest and fastest way to reach a compromise solution. 

The most relevant objectives of the present study are: the design of a flexible production system of 

innovative building materials, including the reuse of waste deriving from multiple industrial sectors. In 

this regard, there are many studies in the literature relating to the reuse of waste from the agro-food 

sector for the production of geopolymer binders and related products; the analysis and optimization of 

the plant layout; the economic feasibility analysis of the plant in order to determine the economic 

convenience of mass production of GP mortars. 

 

 

 

 
 

Context and main scientific issues under investigation  
In the context of 2030 Sustainable Development Goals -SDGs- and EU Circular Economy Action Plan 

-CEAP-, Sustainability and Circular Economy have been proved to be the indispensable new deal, 

turning the unidirectional "take-make-use-dispose" economy model into a more sustainable one, by 

introducing re-use, re-manufacturing, recycling, reverse logistics, closed-loop supply chain. 

Thus, as per the state of art, many uncertainty sources have been identified. Those remain uncorrelated, 

fuzzy, unreliable. This is a critical issue that must be investigated in order to identify the best practices 

that make remanufacturing a business opportunity. Our research is aimed at controlling the increased 

complexity in reverse engineering processes, that is: increased uncertainty in planning and controlling 

remanufacturing. The methodology is mainly based on testing in industrial applications (thanks to the 

industrial partner - Hitachi Rail-) the most suitable simulations, models and methods from the literature, 

in order to reduce uncertainty for End-Of-Life products and to improve the trust in the business 

opportunity of the sustainable industry 5.0 before mass production.  

 

Research questions addressed  
RQ1: Which are the barriers for the development of sustainable industry 5.0? We are investigating the 

sources of uncertainty that, ultimately, make uncertain the business opportunity of recovering end-of-

life products. 

RQ2: How to control and to reduce the complexity of industry 5.0? Our research is addressed to analyse 

a technology-for-human industrial environment, to define significant performance indices (related with 

product, process, resources, customers) those allow to measure the internal and external complexity 

drivers, thus mitigating them. 

RQ3: How to efficiently balance return with demand in EOL scenarios? We are studying the 

disassembly scheduling problem (DSP) to define an optimized disassembly path, taking into account -  

for incoming product -  the variable quality, quantity and arriving time of returns. At the same time, we 

want to consider the variability of demand, depending on the consumer’s behaviour and market trend. 

This complex scenario will be assessed by functional tests for End Of Life acceleration as per the 

industrial partner Hitachi Rail. 

Research Objectives and Research Methodology  
The main goal of our research is to manage the uncertainty the remanufacturing processes and products, 

to improve the trust in this “sustainable” business, to predict EoL scenarios. To obtain this, in practice, 

steps are: (i) conduct a deep state of art analysis by a literature systematic mapping and review on 

Proactive maintenance, reverse logistics, sustainability, 

optimization, customer satisfaction 
 

Francesco Mancusi 
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uncertainty management; (ii) make industrial experiments and applications about planning and 

controlling the reverse logistics, using selected simulations and models from the literature; (iii) develop 

and apply optimal paths inside remanufacturing system, supported by a valid decision-making systems 

to cope with the uncertainties while predict EoL. 

 

 

 

 
 

Context and main scientific issues under investigation  
In recent decades there has been a dramatically increasing pace in the development and adoption of new 

technologies in almost every area of the economy, society and culture. This digital transformation is 

crucial for the manufacturing sector, as the integration of digital technologies into processes and 

products can result in the increase of manufacturing efficiency and quality. This disruption creates new 

challenges for manufacturing organizations, since the increasing complexity in manufacturing systems 

will result in more demanding qualification requirements, where subject-specific and cross-disciplinary 

technical competences are of particular relevance. These demands for skills and competences directly 

affect HEIs, as they are expected to deliver graduates with the required background to face real world 

challenges; however, rapid technological changes raise doubts about whether this can be achieved 

within the time frame of standard models of program delivery. 

 

Research questions addressed 
1. What is the impact of learning environments (LE) on the learning experience of engineering students 

at the master level? 

1.1. What are the factors related to space design impacting the learning effectiveness within LEs?  

1.2. What are the factors related to digital technologies impacting the learning effectiveness within LSs? 

1.3. What are the additional factors –other than space design and digital technologies- impacting the 

learning effectiveness within LSs? 

2. What are the factors to consider when integrating digital technologies into LEs for engineering 

education at the master level?  

2.1. What is the role of digital technologies within learning environments? 

2.2. How do digital technologies affect the pedagogical and space design? 

2.3. What are the challenges in their successful integration into learning environments for engineering 

education? 

 

Research Objectives and Research Methodology 
The objective of the research is to establish the connection between design and technical features present 

in learning spaces and their impact in creating and facilitating an effective learning experience, where 

effectiveness is understood as the achievement of the intended learning outcomes. The research 

methodology to answer the questions above are the following: 

 

1. Systematic literature review: The literature review will cover the main three fields which are relevant 

to the research: Industry 4.0 in manufacturing, engineering higher education, and learning spaces. Based 

on the findings, the author intends to characterize and to identify the main archetypes of learning spaces 

currently being implemented in engineering education context. Furthermore, to build hypotheses about 

ow the features of these spaces are conducive to effective learning experiences.  

 

2. Case study. The author intends to develop at least two case studies -in different learning spaces- 

Learning spaces in engineering higher education: the role of space 

design and digital technologies 
 

Maira Callupe 
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where the hypotheses will be tested. A quantitative and qualitative analysis will follow that will shed 

light on the insights emerging from these studies. 

 

 

 

 

Context and main scientific issues under investigation  
An efficient supply chain (SC) configuration is pivotal for the success of spare parts retailers. To 

configure SCs, spare parts retailers should plan two main aspects: the stocks’ deployment into 

distribution centres (DCs) (opting for inventory centralisation or decentralisation) and the inventory 

control policies in each DC. This project is focused on the first aspect, where dynamic asset deployment 

(DAD) strategies should be used to determine what spare parts allocate throughout the geographical 

hierarchy of company DCs. DAD strategies should define whether to centralize or decentralize the items 

management, aligning spare parts storage and distribution activities with the equipment users’ 

operations. A common challenge in DAD problems is to reduce inventory costs while ensuring high 

service levels and flexibility against demand fluctuations. After identifying existing DAD strategies for 

configuring spare parts SCs, this project aims at developing three novel DAD methodologies: the first 

is based on ABC bi-criteria analysis, using individual item criticalities to guide rule-based distribution 

decisions, while the second and the third compare the costs of different scenarios, considering the 

possibility of producing parts with additive or conventional manufacturing. Two case studies and big 

data analytics are used to validate the proposed methodologies. 

 

Research questions addressed  
"The main objective of this research project is to review and extend the current knowledge on dynamic 

asset deployment methodologies for reviewing the configuration of existing spare parts distribution 

networks. It is intended to develop novel methodologies and tools for spare parts management, that will 

be applied and tested on real case studies or simulations through big data analytics, providing 

indications on their performance, advantages, and disadvantages. 

The research questions of this project can be summarized as follows: 

RQ1) Which methodologies are the most appropriate to review the spare parts SC configuration and 

solve DAD problems (focusing on STEP 1 of SC configuration, that is the deployment of stocks into 

DCs)? 

RQ2: How can be used multi-criteria ABC classification as DAD method for reviewing the spare parts 

SC configuration? 

RQ3: How can be compared SC configurations of centralization and decentralization with parts 

produced with Additive or Conventional Manufacturing?" 

 

Research Objectives and Research Methodology  
In this project, three objectives are set to answer the research questions. 

O1) First, a literature review is conducted to gain an overall understanding of methodologies for facing 

DAD problems, thus configuring spare parts distribution networks. Here, methodologies are also sought 

based on ABC analysis and able to compare scenarios of centralization and decentralization of parts 

produced with Additive Manufacturing. 

O2) Then, existing ABC DAD approaches are investigated and analysed, and a novel ABC DAD 

methodology is proposed, being tested on two case studies. Here the differences in operation and 

performance of the proposed model are highlighted compared to existing methodologies. 

O3) Finally, two analytical methodologies to compare costs and benefits of DAD scenarios of items 

produced with additive or conventional manufacturing are provided. The methodologies are tested 

Review the configuration of spare parts supply chains: Dynamic 

Asset Deployment Methodologies 
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through simulations with big data analytics, also developing tools such as decision trees to summarize 

their main results. 

Overall, the generic knowledge consisting of the developed DAD methodologies is provided to support 

managers in common decision-making situations. In the third activity we will develop a model able to 

provide a quantitative assessment of the main aspects of environmental sustainability (e.g., CO2 

emissions or energy consumption). 

 

 

 
 

Context and main scientific issues under investigation 
The research stems from three main considerations corroborated by literature evidence. First, many 

researches investigate the application of Lean Manufacturing in different countries and in various types 

and sizes of industries. Additionally, several studies have been conducted on industrial automation, and 

recently Industry 4.0, over the last decades. However, a limited number of researches focus on 

developing countries. Second, in order to adopt Lean Manufacturing in production environments, 

frameworks/roadmaps are needed to guide the implementation procedure and then control its success. 

Third, warehousing has recently emerged as a logistics process that can benefit from Lean 

Manufacturing interventions, with the aim of ensuring a high service level to internal and external 

customers.  

Based on these issues, a new maturity model is put forward to provide companies in developing 

countries with a roadmap helping them in the process of applying Lean Manufacturing to production 

logistics, and in particular warehousing. This roadmap will help companies to understand the conditions 

to apply Lean principles, by also leveraging the benefits offered by automation. Moreover, they will be 

able to check the implementation performances as well as their readiness to achieve higher levels of 

maturity in Lean Manufacturing adoption. 

 

Research questions addressed 
The research stems from three main considerations corroborated by literature evidence. First, many 

researches investigate the application of Lean Manufacturing in different countries and in various types 

and sizes of industries. Additionally, several studies have been conducted on industrial automation, and 

recently Industry 4.0, over the last decades. However, a limited number of researches focus on 

developing countries. Second, in order to adopt Lean Manufacturing in production environments, 

frameworks/roadmaps are needed to guide the implementation procedure and then control its success. 

Third, warehousing has recently emerged as a logistics process that can benefit from Lean 

Manufacturing interventions, with the aim of ensuring a high service level to internal and external 

customers.  

Based on these issues, a new maturity model is put forward to provide companies in developing 

countries with a roadmap helping them in the process of applying Lean Manufacturing to production 

logistics, and in particular warehousing. This roadmap will help companies to understand the conditions 

to apply Lean principles, by also leveraging the benefits offered by automation. Moreover, they will be 

able to check the implementation performances as well as their readiness to achieve higher levels of 

maturity in Lean Manufacturing adoption. 

 

Research Objectives and Research Methodology 
The research methodology includes five stages.  

A framework development forintegrating Lean Manufacturing 

toolsand level of automation in warehousedesign and management 
 

Abror Hoshimov 

Turin Polytechnic 
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The first stage is a literature review.  The current state of the art on the application of Lean 

Manufacturing tools and automation to internal logistics and warehouse management is investigated. 

Then, manufacturing processes in developing countries are studied. Finally, literature on the readiness 

of the companies in developing countries to apply Lean and automation in warehouses is analysed.  

The second stage focuses on a survey and field observations in a selected developing country, 

Uzbekistan, to understand the current state of application of Lean tools and automation to warehouses. 

The needs of companies in different manufacturing sectors are compared.  

In the third stage innovation adoption models and their relationship with maturity frameworks are 

reviewed. Particular attention is paid to maturity models integrating Lean and automation for warehouse 

operations and production logistics.  

The fourth stage concerns the development of a maturity model to assess the readiness of companies in 

developing countries, like Uzbekistan, for Lean and automated warehouse application. Different 

adoption levels will be defined based on the previous stages of this methodology.   

In the fifth stage the validation of the framework is conducted through computer simulations and field 

experimentations.  

 

 

 
 

Context and main scientific issues under investigation  
The research object in a new sustainable wind power plant design in agricultural area of Sardinia. The 

importance of this research is the definition of the social sustainability indicators in the management 

engineering., Very often Stakeholders can have a negative impact in the realization of new project. 

Social indicators can be used to evaluate a process in terms of sustainability as environmental and 

economic indicators. In decision-making process to construction wind power plan is important to 

highlight all the aspects that can positively or negatively influence the feasibility of the project. 

 

Research questions addressed  
1)        Can the negative effects of stakeholders in a project be limited? 

To limit the resistance of some stakeholders such as local communities to new projects, it is necessary 

to highlight the sustainability characteristics of the new transformation actions of the territory in terms 

of benefits and impacts. 

2)        How is it possible to identify the stakeholders of a project? 

The focus must be on the relationships between the stakeholders defining their interest / power, role 

and influence with respect to the project. 

3)        How can I use social indicators in evaluating a sustainable project in engineering terms? 

Social indicators can be used in evaluating the sustainability of a project if they originate from 

knowledge of the context. The indicators must be contextualized each time. 

 

Research Objectives and Research Methodology  
The first objective is the definition of all the variables that can affect the success of the project in social, 

economic and environmental terms. The second objective is the creation of contextualized social 

indicators that can be used in the most used methods for the evaluation of processes: LCA, Severitu 

analysis index and SIa (Social Impact assessment). 

 

 

 

Wind power plan and social impact assessment 
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Context and main scientific issues under investigation  
Resilience represents the ability of a system to withstand a disruptive event and quickly restore 

operations, recovering the initial capacity. With respect to the vulnerability analysis, this allows us to 

consider the temporal development of the system capacity, analysing, in addition to the resistance, the 

recovery up to full capacity. In recent years, academic attention towards resilience in the industrial 

sector has grown, also due to the numerous disruptive events that have affected industrial plants and 

supply chains. The covid-19 pandemic, the blockade of the Suez Canal, the "chip shortage", the war 

events in Ukraine have highlighted the fragility of global industrial systems to unexpected disruptive 

events, which despite being characterized by a low probability of occurrence can affect extensively on 

system performance. The scientific literature on the calculation and improvement of resilience is 

flourishing in the field of the supply chain, scarcer in that of industrial plants. However, in neither case 

are there widely shared methods of calculation and improvement. This generates the need for new 

models that can satisfy the need for tools useful for improving the resilience of industrial systems. 

 

Research questions addressed  
"1. How to quantitatively measure the resilience of industrial plants and supply chains?  

Existing methods are characterized by a great heterogeneity, and very often they do not deal with the 

whole process of calculating resilience. It is therefore necessary to identify methods for calculating the 

resilience of industrial systems that can be widely accepted and shared. 

 2. How to increase the resilience of existing industrial systems and design new resilient systems?  

In the event that the analysis of a given industrial system shows that the resilience behaviour is not 

satisfactory, the question arises as to how to improve resilience, in the optimal way. This involves 

assessing the criticality of system components and optimally allocating resilience and resources to each 

component to maximize resilience for a given budget or minimize the total cost of achieving a resilience 

objective. 

 

Research Objectives and Research Methodology  
The main objectives of the research project are to build a valid model for calculating and improving 

resilience for industrial plants and supply chains. The model must to calculate resilience in a quantitative 

and widely shared way. It also needs to identify resilience improvement that optimize costs, allocation 

of residual capacity, and available resources. The methodology identified is the following. For each of 

the two areas (industrial plants and supply chain), a literature review of the articles proposing 

quantitative methods is performed. The problem of calculating resilience is divided into simple sub 

problems, for each of which the proposed methods are collected in a morphological matrix. In this way 

the models are compared with respect to the single sub problem, selecting the best approaches for each 

of them. It is also possible to highlight sub problems for which satisfactory models have not been 

proposed, and therefore to generate new ones. By combining the best approaches for each sub problem 

it is possible to build a new model, complete and characterized by the greatest possible advantages. The 

model will have to guarantee an analytical measure of resilience, and to increase it by optimizing the 

resources available and the residual capacity of the affected system. 
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TRACK 2  

 Service Engineering 

Chair Prof. Eleonora Bottani 

Time Name University Level Project Title 

10:30 

10:45 

Suman Kumar 

Das 
Brescia First 

The role of Digital technologies for the Circular 

Economy in Manufacturing 

10:45 

11:00 
Anita Salsano Sannio Advanced 

Application of Augmented Reality in 

maintenance activities: case study in an 

electromechanical manufacturing industry 

11:00 

11:15 

Ciele Resende 

Venerodo 
Salerno First 

Digital twin for predictive maintenance and 

production scheduling in sustainable operations 

11:15 

11:30 

Beatrice 

Colombo 
Bergamo Advanced 

Development of innovative textile architectures 

based on recycled carbon fibre for the 

composite material industry 

11:30 

11:45 
Carlo Riccio Padova Advanced 

Machine learning for Preventive Maintenance: 

Study of a predictive model based on product 

quality 

11:45 

12:00 

Francesco 

Simone 
Roma First 

Cognitive and Physical modelling of complex 

industrial processes for vulnerability analysis 

and resilient design 

12:00 

12:15 

Mattia 

Galimberti 
Bergamo First 

Circular economy strategy and business model 

in the steel production chain 

12:15 

12:30 

Veronica 

Arioli 
Bergamo First 

Product-Service Systems (PSS) Engineering 

and Operations for Circular Economy 

12:30 

12:45 

Natalya 

Lysova 
Parma First 

Optimization of the inventory management of 

perishable products 

 

  



 
 

Context and main scientific issues under investigation  
Industry 4.0 involves a plethora of digital technologies like cyber-physical systems, the Internet of 

things, big data analysis and AI, e.t.c. which are creating an impact on manufacturing industries. Due 

to the broadness of the domain, most of the comprehensive research examines the effect of I4.0 

technologies focusing on enablers of circular economy as a reduction in input, reuse, remanufacturing 

and recycling. Furthermore, Industry 4.0 and digital technologies are the keys enabling factors to 

support the implementation of the Circular Economic paradigm in business. But there is a gap between 

largely unrealised potential to use Industry 4.0 Technology to leverage the circular economy strategies. 

Interaction and interdependency between CE levers and enablers such as product design, logistics, 

supply chain management, and digitalisation have seldom been investigated. So a conceptual 

framework is required to develop to find a relationship between the enabling digital technologies for 

CE transition. The literature lacked a systematic analysis and systematisation of CE strategies in the 

various manufacturing industries. As the research on DTs potential for CE is in a pre-paradigmatic 

phase, hence no dominant framework has emerged yet. So the study is trying to address the gap between 

an Organisational CE objective and operational alignments using DTs. 

 

Research questions addressed  
The first research question objectifies the influences of I4.0 technologies on Circular Economy strategy 

and their relationships. It will find a correlation between specific I4.0 technology and CE in different 

operational processes. Furthermore, it will identify a framework to establish a relationship between I4.0 

technologies and each CE Strategy (Reduce, Reuse, Remanufacturing and Recycling) and quantify to 

provide a detailed understanding of interdependencies.  

The analysis will help develop a tool for managers to understand the multiple I4.0 technologies to 

implement CE Strategy. It will help to categorize the different combinations of technologies in the 

industry to support the CE. Finally, the tool will give a future trend of trajectories of the convergence 

of digital technology for the manufacturer to achieve CE. 

 

Research Objectives and Research Methodology  
It is attracting attention for more empirical investigation into how I4.0 technologies help achieve the 

objective of CE. The research lies in the interplay among three topics, I4.0 Technologies CE strategy 

and operational manufacturing processes. The methodology to adopt must follow three steps; systematic 

literature review, Model development & framework and empirical research. In systematic literature 

review, we collect the relevant evidence that’s fit the pre-specified eligibility criteria using a keyword 

search strategy. For practical screening of relevant documents, it can follow four steps identification, 

screening, eligibility and inclusion. The methodological research will create a new framework to 

identify the relationships between I4.0 technologies and circular economy strategies in different 

operational manufacturing processes. A framework with a simulation tool can be developed in this 

stage. The model development and framework calculate the impact of CE and digital technologies in 

the various manufacturing processes. It will address the relevant combination of I4.0 technologies to 

implement the CE strategies. The “why-what-how-to do” action plan can answer the future convergence 

between I4.0 technologies and CE. Finally, the empirical research will validate the model and 

framework through empirical analysis (case studies and surveys). 
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Context and main scientific issues under investigation  
Any mechanical system requires qualified assistance and repair in case of failure. 

Currently maintenance strategies intended obsolete. 

Information and communication technologies and digital innovations, together with the increase in 

computing power, have facilitated the development of new artificial intelligence and AR algorithms to 

integrate previous knowledge and take production activities to new levels and maintenance. Predicting 

and carrying out maintenance operations on critical activities of a production cycle in less time leads 

to: 

• greater availability of machine tools 

• significant economic savings 

• greater production 

 

Research questions addressed  
 

1) AR can be used for improvement of predictive  

maintenance ? 

2) Which kind of benefits can we have from using AR in firm? 

3) Is the use of AR positively accepted by users?? 

 

Research Objectives and Research Methodology  
 

We want to use emerging AR technology to improve the maintenance process. 

Using IT tools, deep learning and matlab, we want to verify how to obtain business performance 

improvements. 

 

 

 

 

 

 

 

 

 

 

 

Context and main scientific issues under investigation  
The Digital Twin (DT) technology is the real-time representation of physical systems in a digital model.  

From one side, this technology can support improvements in the three Sustainability Dimensions (SDs), 

i.e. economic, environmental, and social, of industrial operations. Therefore, to identify the state-of-

the-art of DT for sustainable maintenance and production, a Systemic Literature Review (SLR) was 

performed. The SLR results showed that approaching integrated decision-making of maintenance and 

production, considering the three SDs, can contribute to the advancement of the research field.  

From another side, DT can facilitate maintenance and production scheduling. Generally, these activities 

deal with time and cost trade-offs, that is the time to perform maintenance or production tasks and the 

cost due to the risk of machine failure or penalty for delaying production tasks. Therefore, joint 

optimization of maintenance and production scheduling is a relevant research field that has been 
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addressed extensively in the literature.  

However, studies that have considered joint maintenance and production scheduling activities to 

improve sustainability through the adoption of the DT technology are still scarce. Therefore, this will 

be the focus of this doctoral research, improving the accuracy of prognosis and the robustness and 

dynamics of scheduling. 

 

Research questions addressed  
The Research Questions (RQs) addressed by this doctoral research are:  

RQ1: What are the main sustainability issues considered by the current literature when using the Digital 

Twin (DT) for production and maintenance activities?  

RQ2: What are the main components and characteristics of DT-based architectures and frameworks for 

sustainable production?  

RQ3: Is DT supporting the integrated maintenance and production schedule an efficient tool for 

improving the sustainability of industrial operations? 

Answering these RQs it will be possible to add value and contribute to the research context. Particularly, 

an overview of which sustainability issues (RQ1) and characteristics of DT architectures (RQ2) have 

been considered in the literature will be provided. This could support future DT studies to improve 

sustainability and contribute to its effective application. Instead, RQ3 results will be more operational 

and specific and will offer a detailed example of how to develop a DT to improve the sustainability of 

industrial operations. 

 

Research Objectives and Research Methodology  
The main objective of this doctoral research is: Design, apply and validate a framework based on Digital 

Twin to improve the sustainable performance of integrated maintenance and production scheduling. To 

achieve this objective, a combination of research methods will be used.  

Initially, aiming at the preliminary definition of the framework, the method of systematic literature 

review will be used, which will allow to identify what has been considered in the scientific literature, 

what it is relevant, what are the research gaps and challenges in the domain of interest.  

Then, for the designing, the implementation and the validation of the framework, simulation and 

experimental research methods will be used. The results of this step may imply adjustments in the 

definition of the conceptual framework previously identified.  

Finally, it is expected to apply and validate, at least partially, the framework in industrial contexts, 

highlighting the potential of DT to improve sustainability and exemplifying its implementation. 

 

 

 
 

Context and main scientific issues under investigation  
Thanks to their outstanding mechanical properties, low weight and good fatigue behaviour, Carbon 

Fibre-Reinforced Plastic (CFRP) composite materials are increasingly being employed in many 

industrial applications [1]. Their extensive use has resulted in an increase of generated waste whose 

recovery is difficult to implement [2,3]. Therefore, waste is mainly landfilled, causing environmental 

problems and economic losses [4]. Nowadays, recycled CF (rCF) may only be used for the production 

of second-quality materials. As highlighted by various scientific studies [7,8], the spinning of rCF could 

represent a way to expand the application of rCF to more structural components, as yarns are 

characterised by high fibre orientation and good compactness. However, regardless of its origin, rCF 

does not possess the technical characteristics appropriate for a traditional spinning process [5]. 

Therefore, researching and developing new spinning processes emerges as essential [6]. In such a 
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context, this Ph.D. project aims to develop a spinning process to manufacture a yarn made of recycled 

CF suitable for the production of good-quality CFRPs for structural applications. The contribution of 

this project is twofold. First, it provides a strong practical enrichment to composite material industry. 

Second, it supports theoretical knowledge improvement about the relationship between composite 

materials and CE. 

 

Research questions addressed  
There are several types of CF waste sources: manufacturing scraps (I), out-of-date prepregs (II), and 

end-of-life CFRPs (III) [6, 7]. (I) CF has properties similar to the virgin CF, while (II) and (III) have to 

be recovered through specific recycling processes, resulting in low property material. RQ1:  

• Which type of CF waste source has the best properties to be spun? 

• Which recycling process provides rCF with the best properties? 

 

Currently, rCFs are only used for the production of second-quality materials, including short fibres 

random mats [8], and injection moulded composites [7]. Therefore, an innovative spinning process is 

required to produce CFRP for structural applications. RQ2 and RQ3:  

• How can the traditional spinning process be adapted to deal with rCF? 

• What is the economic-environmental impact of the developed spinning process? Is there a trade-off 

between these dimensions? 

• What are the characteristics of the potential CFRPs produced by the innovative process? 

 

Research Objectives and Research Methodology  
A spinning process aimed at producing a yarn made of rCF suitable for the production of good-quality 

CFRP composites represents the planned outcome.  

This project is structured in 6 main stages. An appropriate methodological approach was and will be 

adopted for each stage:  

 

1. An extensive systematic and bibliometric literature review about CFRP recycling processes was 

carried out to understand the existing recycling processes, as well as to determine the mechanical 

properties of the recycled CF from each process.  

2. A detailed patent search about CFRP recycling processes and analysis of the patent pool retrieval 

was developed to gather all the necessary data required for the development of comprehensive 

assessment on maturity of CF recycling technologies.  

3. An analysis of technology maturity and further development were provided. Proper statistical 

methods were adopted to analyse collected data.  

4. A development of an innovative spinning process through experimental tests in lab was carried out. 

Yarns produced from manufacturing scraps were tested to assess their physical, chemical and 

mechanical properties. 

5. Good-quality CFRPs will be produced and tested using injection molding technology and following 

specific standards to assess their suitability for structural applications.  

6. An economic and environmental assessment of the innovative spinning process will be performed to 

evaluate it both from an environmental and economic perspective through specific tools, such as LCA 

and LCC.  

 

  



 
 

Context and main scientific issues under investigation  
Maintenance has a key role in the Industry 4.0; the amount of data that modern industrial machinery 

can generate, are allowing a constant evolution of the Predictive Maintenance Strategies (PMS).  

Through the processing of historical data and the control of parameters measured in real time, PMS 

allows to anticipate possible machine failures. The prediction of failures, and the elaboration of a 

maintenance strategy, can be achieved by models based on Artificial Intelligence (AI) techniques.  PMS   

strategies must guarantee not only the continuity of production, but also the quality of the product. In 

fact, the quality parameters of the product are related to the machine’s operating parameters, whose 

trends determine the development of the correct maintenance strategy. Therefore, the qualitative 

characteristics represent an input that an AI   model must consider in the optimization of the 

maintenance, together with availability and costs. In fact, different levels of desired quality of the 

product (while still maintaining conformity to specifications), can determine different predictive 

maintenance strategies. In addition to quality level, a product is characterized by a degree of 

performance, related to machine control parameters. This work explores how a model based on AI 

techniques can determine the optimal PMS strategy based on the required level of quality and 

performance of the product. 

 

Research questions addressed  
This study attempts to answer some basic questions regarding the connection between maintenance 

strategy and product performance. 

RQ1: How is it possible to evaluate the effects on Product Quality parameters within the problem of 

maintenance scheduling? 

RQ1 investigates the feasibility of a model that considers quality parameters as potential variables for 

PMS. The basic investigation is focused on the potential relations of machines’ data with predictive 

maintenance indicators and product quality 

RQ2: May we improve MTBF through the Product Quality optimization? 

The second research question aiinvestigates the potential impact of predictive maintenance strategies 

according to a certain level of quality through the ability of the model to “learn” from the quality data 

and to suggest the optimal maintenance action. 

 

Research Objectives and Research Methodology  
The main goal of this research path is to build a model that, through Machine Learning techniques, 

elaborates the machine parameters and the predictive maintenance indicators, to give the best 

maintenance strategy in order to achieve the desired level of quality of the product. 

The Research Methodology has been elaborated to obtain a flexible approach to study predictive 

maintenance strategy in connection with product quality, according to 3 steps: 

1. In the first step a set of parameters, related with the machine working, the predictive maintenance 

and the product quality, are defined. 

2. The second step has the goal to relate the maintenance scheduling with the production performance; 

in this step we use the Artificial Intelligence techniques to build a model able to learn the behaviour of 

the system and detect the relation between the status of the machine and the quality levels of the product. 

3. The last step should allow us to select the maintenance strategy according to the desired level of 

product quality. A production line for current transformers assembly has been chosen as case study to 

validate the model. 
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Context and main scientific issues under investigation   
Digitalization and inter-connectivity improved operations and systems’ functionality enabling a whole 

new world of enhanced capacities and innovation. This evolution also opens to a set of completely new 

failures and disruptive scenarios: cyber security issues do not only refer to data or information leakage; 

they can also lead to modifications of physical world processes causing tangible damages. While the 

need to encompass a socio-technical dimension has been acknowledged in recent literature, there is still 

little evidence on approaches that also consider the effects of cyber failures on physical processes to 

give a measure of the so-called cyber resilience, i.e. the ability of a system to anticipate, withstand, 

recover from, and evolve to improve capabilities in the presence of cyber threats. Moreover, considering 

a more complete scenario in which humans, (intelligent) machines and technology apparatus operate 

simultaneously, the problem becomes more difficult to grasp. In current industrial settings, where 

digitalization and intelligent technologies are widely affirmed, to engineer cyber resilient systems 

becomes vital to societal security and welfare. 

 

Research questions addressed  
My PhD research is focusing on the use of simulation tools and Digital twins to investigate cyber 

resilience of complex cyber-socio-technical systems. In a wider perspective, the research question to be 

addressed includes to investigate quantitative cyber resilience assessment methods, and to provide a 

solid and unified methodological foundation for such problems. Common aspects can be found in 

quantitative cyber resilience research, but all makes use of quite different approaches. These studies can 

enable a safer integration of CPSs and IoT in industry, and can assist the digital transformation ensuring 

a more secure environment. The increasing dangerousness of cyber-attacks has made and will make 

many systems less secure. Being unaware of systems’ cyber resilience can lead to (e.g.): induced loss 

of systems performances (avoid digitalization to be more cyber-secure but less cost/time efficient); 

occurrence of disruption scenarios with potentially disastrous impact even with the possibility to affect 

society’s primal needs. 

 

Research Objectives and Research Methodology   
It is not possible to improve what cannot be measured. Accordingly, the main objective of the research 

is to fulfill the need to create reproducible methodologies and consistent tools to guide the measure of 

cyber resilience. There is yet no possibility to conduct dangerous physical tests, so modelling and 

simulation tools can be used to assess systems’ cyber resilience without induces damages. Digital twins 

are particularly useful dealing with critical systems whom failures have serious consequences. Such 

models may also rely on the integration with data in a “grey box” approach, i.e. combining the 

engineered model with data-driven parts. In this way resilience measures’ confidence can be expressed 

in a stochastic way. Data-driven system’s analysis and state prediction represents a major improvement 

in dealing with cyber-attacks, the use of AI and ML techniques find significant applications in this 

sense. To consider how humans, stand with complex CPSs, it will be crucial to investigate their 

cognitive processes and interactions with systems. Knowledge graphs might be used to forward analyses 

systems’ failures and relationships, and to predict their functioning under determined environmental 

variables by reproducing contextualized choices. Human organizational behaviour under the occurrence 

of disruptive cyber-events can be studied in this way. 
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Context and main scientific issues under investigation  
Steel is one of the most widely used materials in modern society but its production accounts for 7% of 

all anthropogenic CO2 emissions [1]. The Paris Agreement stressed the need to limit global warming 

to well below 2, preferably to 1.5 degrees Celsius compared to pre-industrial levels [2]. For this goal to 

be achieved, greenhouse gas emissions (GHG) must be set to zero by 2050 [3]: steel sector will have to 

face a major change to comply with this restriction. 

Indeed, there are already some new technologies that enable the production of carbon-neutral steel (i.e., 

green steel), but the core issue nowadays is that these ones are not competitive on the market since the 

traditional production method, although emitting more CO2, is cheaper [4]. 

A first analysis of the literature shows that companies aiming at introducing these new production 

methods are facing different challenges that need to be overcome to enable successful applications. 

It is therefore necessary to define new strategies that allow to increase the demand for green steel, 

creating an economically sustainable system. Thanks to this, steelmakers will be able to invest more 

confidently in innovative technologies and it will be easier to achieve the Paris Agreement goal. 

 

Research questions addressed  
Despite technologies to produce carbon-neutral steel are already mature, companies face several 

barriers to their adoption, such as quality of input/output materials [5], availability of raw materials [6], 

regulatory or economic constraints [1]. 

RQ1: 

 What are the main barriers preventing the adoption of new technologies for carbon-neutral steel 

production? 

The next step concerns the definition of a portfolio of services and product-service solutions that could 

be able to allow new technologies to compete on the market.  

RQ2: 

 Which services and product-service solutions can be implemented to overcome the barriers to the 

production of green steel? 

Finally, sustainable technologies for steelmaking involves different stakeholders along the value and 

supply chain and it will be crucial to understand which is the most suitable business model that 

steelmakers can adopt. 

RQ3: 

 How could a circular business model be defined to promote the implementation of green steel 

production? 

 

Research Objectives and Research Methodology   
This PhD research will be developed jointly with Tenova S.p.A, a company that design and develop 
technological solutions for metal processing and with STIIMA, a branch of the Italian National Research 
Council. 
The aim of this project is to support the sustainable transition of the steel sector towards green steel 
production, defining a business model based on circular economy concepts. 
It will be essential to understand which services and product-service solutions can be proposed, to 
promote the demand for green steel.  
This research will start with a systematic literature review, which will allow to analyse in detail the state 
of the art regarding: 
 

 The policies and the available technologies about steel production. 
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 The different services and product-service solutions applicable to the steel sector. 
 
After that, action research focused on the technology provider will be pursued with the aim to explore 
the characteristics of the technologies currently on the market, to build a knowledge base necessary 
for the design of new services, which will then be defined in the next phase through the evaluation of 
different business scenarios. 
Finally, there will be the validation of the model, in which the feasibility and competitiveness on the 
market will be tested. 

 

 
 

Context and main scientific issues under investigation  
Servitization represents a transformation process that has been characterizing the industrial field in 

recent decades and that can be realized by offering bundles of products and services, commonly named 

Product-Service Systems (PSS) [1]. PSSs, traditionally offered to satisfy customers’ requests, generate 

new value, and increase revenues, have the potential to optimize the use of resources in the system and 

create value in the three dimensions of the triple bottom line – environment, society, and economy [2]. 

In this perspective, PSS can be applied to the industrial field to achieve goals of sustainability and 

contribute to the transition from linear to Circular Economy [3]. Despite this, literature clarifies that the 

sustainability of PSS is not granted, and design decisions must be made to achieve such goals. With 

respect to this, methodology and methods to support the development and assessment of sustainable 

PSS in the industrial sector are lacking. In this context, digital technologies may become enablers for 

assessing and mitigating the environmental impact of PSS, by reusing the data generated in the PSS 

Middle- and End-of-Life phases as input for the design of sustainable PSSs. Thus, the data can be 

exploited by decision support tools (e.g., simulation) to define sustainable PSS offerings. 

 

Research questions addressed  
According to the literature [4], there is a lack of methodology and methods for developing and assessing 

sustainable PSS offerings. All the methods are mainly theoretical and not applied in real cases. RQ1:  

• How to define a methodology and methods able to support decision-makers for sustainable PSS design 

in the manufacturing sector?  

The focus of this research will be on the environmental and economic dimensions of sustainability.  

 

The introduction of digital technologies, enabling advanced services to be offered in combination with 

products, will be investigated to address the potential of reusing Middle- and End-of-Life-related data 

in the design of sustainable PSS. RQ2: 

• How data generated by advanced services could be exploited to support design decisions on 

sustainable PSS? 

 

Simulation would be explored as a decision supporting tool to help manufacturers in designing 

economical and environmentally sustainable PSS solutions. RQ3: 

• How to develop a simulation model assessing the sustainability of PSS? 

 

Research Objectives and Research Methodology  
According to the literature [4], there is a lack of methodology and methods for developing and assessing 

sustainable PSS offerings. All the methods are mainly theoretical and not applied in real cases. RQ1:  

• How to define a methodology and methods able to support decision-makers for sustainable PSS design 

in the manufacturing sector?  

The focus of this research will be on the environmental and economic dimensions of sustainability.  
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The introduction of digital technologies, enabling advanced services to be offered in combination with 

products, will be investigated to address the potential of reusing Middle- and End-of-Life-related data 

in the design of sustainable PSS. RQ2: 

• How data generated by advanced services could be exploited to support design decisions on 

sustainable PSS? 

 

Simulation would be explored as a decision supporting tool to help manufacturers in designing 

economical and environmentally sustainable PSS solutions. RQ3: 

• How to develop a simulation model assessing the sustainability of PSS? 

 

 

 
 

Context and main scientific issues under investigation 
This project deals with the optimization of the management of warehouses for perishable products, 

defined as items the features and value of which decay over time until the end their shelf-life (SL), when 

the products must be disposed of. When defining the appropriate inventory management policy, it is 

crucial to consider the perishability of the products, since a wrong management can lead to wastes and 

cost increases. The management goal is to minimize the total cost by determining the optimal operating 

leverages, according to the policy adopted. 

In literature, perishable inventory management was investigated with analytical and numerical methods, 

considering several different constraints and assumptions relating to customer demand, product 

perishability and operating costs. Some authors performed a sensitivity analysis to assess the impact of 

the operating inputs on the parameters investigated. The novelty of this study consists in its modelling 

approach. A simulative model of the warehouse is used to generate a Response Surface in terms of 

significant factors, determined through an ANOVA analysis, which could be adopted as a predictive 

model. The equation of the model developed is fast and easy to implement, making it a useful tool in 

industrial environments and for the evaluation of what-if scenarios. 

 

Research questions addressed 
In which way the product perishability impacts inventory management? 

Perishable products can be used to meet customer demand only during their shelf-life period. When the 

products reach their expiration date they must be disposed of, generating disposal costs. The classical 

inventory management policy models have to be modified to take into account product perishability. 

Also, since the commercial value of products decreases over time, Last-In-First-Out and First-In-First-

Out policies should be carefully evaluated to select the most appropriate one. 

 

What is the advantage of developing a predictive simulative model? 

A simulative model can be used to evaluate many different scenarios by changing the values of the 

input factors. A Response Surface (RS) model is developed based on the significant terms, to generate 

a predictive model valid over a range of interest. Finally, the RS equation obtained is fast and easy to 

implement in real-world industrial applications for what-if scenario evaluations. 

 

Research Objectives and Research Methodology 
The goal of inventory management is to minimize the total daily cost (Ctot,min) by determining the 

optimal values of the operating leverages (OL), according to the policy adopted. To date, within this 

project, periodic (EOI) and continuous (EOQ) review policies were analysed with a simulative 

approach, determining the conditions that led to the cost minimization, as the values of the operating 

input factors varied over a range of interest. The inputs considered included unitary costs, customer 

Optimization of the inventory management of perishable products 
 

Natalya Lysova 

University of Bergamo 



demand features, and product shelf life, while the modelled outputs were Ctot, min and optimal OL. A 

simulative campaign was designed according to Design of Experiments methodology, defining a set of 

design points at different operating conditions where the simulations had to be performed. The impact 

of the input factors on the parameters evaluated was assessed with an ANOVA analysis, in order to 

determine the factors significant for the model. Finally, the results obtained were used to generate a 

Response Surface, to be implemented as a predictive model for inventory management purposes. In 

particular, the equation of the model in terms of significant factors could be a useful tool for industry 

operators, to easily estimate optimal OL and evaluate what-if scenarios. 
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Context and main scientific issues under investigation  
In recent years, automated storage and retrieval systems (AS/RSs) have become a widely used 

technology to store and retrieve goods. AS/RS are computer and robot assisted systems that can 

autonomously store and retrieve items in a warehouse. With Industry 4.0 paradigm, several innovative 

solutions have entered the industrial and logistics operations. Digital Twin (DT) can be considered a 

relevant one and it is meant as the virtual and computerized counterpart of a physical system that can 

be used to simulate its operations for various purposes. DT is already quite adopted in manufacturing 

contexts to better serve product lifecycle by using cyber-physical data. However, there is a lack of 

applications in Supply Chains (SC) and logistics processes. More in detail, only few research studies 

on DT application to warehousing contexts have been conducted so far and there is a lack of literature 

aiming to apply these concepts to an AS/RS based warehousing system. Thus, this study might pave 

the way for exploring innovative application of this solution. Similarly, DT can support practitioners in 

dynamically and rapidly assessing their operational needs and in improving their warehousing 

operations. 

Research questions addressed  
Since Digital Twin includes a model of a physical system, which are the current modelling approaches 

in the automated warehouses context? By analysing the approaches adopted to model AS/RS systems, 

it is possible to create a structural framework describing the elements characterizing modern logistics 

technologies, and identifying trends and gaps regarding this topic. 

 

Which is the best modelling approach to achieve DT implementation? Once outlined the modelling 

techniques adopted in AS/RS arena, it is fundamental to understand which one is the most suitable one 

facilitating DT implementation. 

 

Which are the industries that might benefit the most, by introducing the DT solution? By quantitatively 

and qualitatively estimating the main impacts of using DT solutions, the logistics processes of several 

industry sectors that might be enhanced by implementing such technology could be studied. 

 

Research Objectives and Research Methodology  
This research aims to create a DT of a real AS/RS installed in a laboratory in Politecnico di Torino, 

made up of a shuttle-based automated warehouse with integrated kitting and picking stations and a 

Mobile Industrial Robots (MIR) fleet as material handling solution. To achieve this objective, a 

systematic literature review is being conducted to highlight the main trends and research gaps in 

simulation and modelling approaches related to AS/RS systems as a preliminary pillar for DT 

implementation. In fact, based on the obtained results, the proper modelling paradigm will be selected, 

in order to effectively develop a replica of the physical system. The proposed model will be then 

validated through scenario and sensitivity analysis in order to test its robustness. After that, the real-

time connection between physical and virtual systems exploiting the DT paradigm will be implemented. 

Furthermore, appropriate Artificial Intelligence algorithms will be adopted so that to integrate and 

automate simulation, optimization and data analytics. Finally, the positioning of DT in different supply 

chain contexts and potential applications in different fields will be analysed. 
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Context and main scientific issues under investigation  
Industry 4.0 (I4.0) plays a fundamental role for the transition from a linear economy toward Circular 

Economy (CE) (Rajput, 2019). Technologies such as Internet of Things, Big Data analytics, Artificial 

Intelligence, are increasingly considered by scholars as practitioners to support sustainable development 

and to reduce the use of natural resources. A strategy to achieve CE principles within the industrial 

context is the Industrial Symbiosis (IS). IS is a network of firms, belonging to multiple industrial sectors, 

that aims at facilitating the share of resources through the exchange of materials, energy, know-how or 

spaces (Chertow, 2000). The simultaneous management of physical and information flows is essential 

in this ecosystem. To coordinate physical flows, the application of logistic models and Life Cycle 

Sustainability Assessment (LCSA) techniques are of help. About informative flows and data 

management, advanced digital platforms collect, elaborate, and analyses the huge amount of data 

flowing in IS networks (Esmaeilian, 2020; Tseng, 2018). The integration of I4.0 technologies within 

circular supply chains and IS networks can lead to economic and environmental benefits, such as 

increasing the efficiency of industrial processes, reducing CO2 emissions and waste, while supporting 

the ecological and energy transition. These aspects are currently missing and expected. 
 

Research questions addressed  
1) What are the current scenarios integrating Industry 4.0 technologies into Circular Economy contexts? 

Contributions in academic literature will be revised to create the background for future research in this 

field. 

2) How to structure an Industrial Symbiosis platform to enable the circularity of resources and to 

integrate the management of large amounts of data? The platform has to select the entities to consider 

into the network, according to specific enabling criteria, then, it will manage the network flows through 

optima/heuristic models, and finally, once the network is set, data coming from the Industrial Symbiosis 

flows are collected, elaborated and analysed supporting the decision-making process and redesign 

actions. 

3) What are the criteria for choosing a representative case study in order to test and validate the 

platform? An industrial context with companies belonging to different sectors will be selected for 

testing and validating the model and the platform. 

 

Research Objectives and Research Methodology  
The objective of the research project is to investigate the synergies among Industry 4.0 technologies, 

Circular Economy and Industrial Symbiosis, focusing on the management of the related physical and 

informative flows. After a comprehensive review of Industry 4.0 technologies and Circular Economy 

principles, the PhD project is pursued through the following activities and methodologies: - creation of 

an assessment checklist for evaluating the companies’ potential to create Industrial Symbiosis synergies 

to support the decision-making process; - management of the physical flows into an Industrial 

Symbiosis network from the economic, environmental and waste reduction perspectives, through 

optimal heuristic models; - analysis of the potential opportunities offered by Industry 4.0 technologies, 

in particular from the blockchain technology and Big Data analytics, in an Industrial Symbiosis 

ecosystem. For testing and validating the platform, suitable industrial case studies will be focused. 

Big Data and Industry 4.0 technologies for the smart, integrated, 

sustainable and resilient supply chain network design and 

management 
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Context and main scientific issues under investigation 
The project concerns the definition of new approaches for the design and management of production 

systems, more in detail this research is about a case study on the design of a new line that will process 

sliced cured meats in trays. The project, is developed in two steps. 

The first step concerns the dimensioning and the preliminary balancing of the line. Thanks to this 

approach, it will be possible to highlight in advance possible criticalities and bottlenecks in the 

production system.  

The second step concerns the creation of a Digital Twin (DT) to be used in the programming and 

supervision of the production. In particular, this last one is attracting recently the interest of many 

researchers, because through simulative models it is possible to preview the behavior of the plant and, 

consequently, foresee and prevent criticalities or failures. 

This project fits perfectly into the vision of Industry 4.0 since the design of the end-of-line will be 

supported by advanced simulation models. 

 

Research questions addressed 
1) What is the advantage of simulation? 

Carrying out and executing experimental tests can be a slow and, above all, expensive process.  

By using virtual modelling, it is possible to interact with the graphic environment of the various 

programmes, allowing the user to vary the main parameters defining the model and to observe changes 

in the final results accordingly. 

Consequently, a model created on software offers considerable advantages, as it is extremely 

controllable and also allows hypothetical scenarios to be tested very quickly and economically. 

2) How can the Digital Twin help production? 

By developing and validating a Digital Twin of the line, it will be possible to quickly simulate daily 

rather than weekly or even monthly production schedules in a few simple steps. 

In this way it will be possible for the company to foresee future scenarios and make the right strategic 

choices. 

Research Objectives and Research Methodology 
A simulative detailed model of the productive line is created using Simul8 software and, subsequently, 

the data obtained from the simulations will be elaborated through the software MS Excel and Python. 

The aim of this research is related to the precise identification of the company's future production needs 

according to the increased market demand. In particular, these needs will be both in terms of the 

definition of machinery that constitutes the line, but also a re-engineering of their use, so as to maximize 

their performance. 

Thanks to this new kind of approach, it is possible to highlight in advance possible criticalities and 

bottlenecks in the production system. Simulation results will be discussed with the supplier of the future 

line, in order to compare and evaluate any possible improvements to be made to the machinery and to 

the operating logics foreseen. 

The developed model will then be used to create a Digital Twin of the whole production system, in 

Industry 4.0 perspective. The tool will allow the management of production and logistics or the 

verification, through the operation of the Digital Twin, of the daily/weekly feasibility of the production 

plans developed by the planning office.  
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Context and main scientific issues under investigation  

Advances in smart technologies represent a great opportunity for Small and Medium Enterprises 

(SMEs), companies that employ about 99% of all employees in the EU. In a highly dynamic 

manufacturing environment, optimizing production processes to reduce time and costs sustainably is 

one of the main challenges for SMEs. Data represent an asset often underestimated because the potential 

of Artificial Intelligence (AI) and Machine Learning (ML) techniques are not well known. In the 

operations management field, scientific and industrial applications of this type have focused mainly on 

quality and maintenance, whereas production planning and control tasks have not been fully explored. 

They represent a viable alternative to the traditional approach based on computational methods and 

simulations. ML techniques, by leveraging historical or real-time collected data, can better respond to 

events both predictable and unpredictable overcoming the limitations of the traditional approach. 

However, in the context of SMEs, improving production planning and control through the 

implementation of ML techniques has not yet been investigated even though AI tools are becoming 

more accessible since several commercial applications are becoming available in cloud computing 

allowing companies to benefit from a range of services without the need to use in-house resources for 

development.  

Research questions addressed  
1. Which are the main issues in the production planning and control field for Small and Medium 

Enterprises (SMEs)? What can be improved through data analytics to optimize production planning and 

control? 

2. Which are the barriers to the application of Machine Learning (ML) techniques (and, in general, 

Artificial Intelligence techniques) in the manufacturing context? What are the key factors to consider 

for optimal implementation of these types of applications? What are the ""technological"" limits? Are 

there skill gaps to overcome? 

3. How ML applications in the production planning and control field could make manufacturing more 

sustainable from a social, economic, and environmental point of view?  

 

Research Objectives and Research Methodology  
• State-of-the-art analysis of the scientific literature related to the use of ML within SMEs to identify 

barriers to entry, key factors, and success/failure factors. 

• Analysis of the needs of SMEs regarding production planning and control and identification of the 

specific type of application for which ML can be a valuable support, e.g., scheduling or lead-time 

estimation through surveys and analysis of literature. 

• Study of existing frameworks (tools, interface, or library) that can be used for the easy development 

of ML models. 

• Development of customized solutions for the chosen application based on ML techniques that can be 

implemented given the experience, know-how, and technological assets of SMEs. 

 

 

Machine Learning-based tools for Production Planning and Control 
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Context and main scientific issues under investigation  
As industrial systems move towards extensive digitalization and interconnectivity, human centricity 

plays an essential role in the future factory. The effective Human-technology interaction in the smart 

manufacturing framework represents a crucial prerequisite to overcoming production processes' 

increasing complexity. Therefore, achieving flexibility while continuously maximizing value 

extraction.  

To this end, my Ph.D. project aims to investigate the utilization of Machine Learning (ML) and 

Artificial intelligence (AI) techniques for improving Human operators' skillset during the production 

processes. Therefore, this project focuses on designing smart technologies and methodologies based on 

AI/ML to expand workers' operating and planning abilities in a dynamic production environment. 

The Ph.D project has three-faceted research frameworks; technology-oriented, problem-oriented, and 

design-oriented research. The Technological aspect investigates the methodologies, tools, and 

algorithms for empowering operators 4.0. The problem-based study proposes AI/ML solutions that 

involve operators 4.0 for solving typical production planning and control problems. However, the 

design-oriented research focuses on the acceptability, usability, and effectiveness of the proposed 

technologies. 

 

Research questions addressed  
RQ1: How could ML/AI techniques address production planning related problems to achieve greater 

productivity, sustainability, and profitability? 

This research question draws the attention toward the potential of ML/AI approaches to address various 

production-planning-problems.  

RQ2: How could AI/ML techniques augment operators 4.0 cognitive abilities? 

This research question investigates the different methods and tools capable of providing timely 

intelligent insights for the operator 4.0 during complex/ dynamic production scenarios.  

RQ3: How to design ad-hoc production planning technologies for the operators 4.0? 

This research question investigates the design considerations and aims to properly adjust human and 

technology parameters for achieving a greater user satisfaction. 

 

 Research Objectives and Research Methodology  
The Research objectives are threefold: 

1. Development of AI/ML-enabled platforms for smart operators. These platforms aim to 

integrate industrial information and communicate solutions for industrial workers to optimize industrial 

parameters for productivity, profitability, and sustainability. Therefore, 

implementing AI solutions for practical use cases in the industrial value-chain processes. The primary 

focus of this goal is rendering smart operators as end-users for AI and ML capabilities. 

2. Investigation of the various ML algorithms performance on solving stochastic industrial 

problems. These problematic scenarios of the industrial processes (e.g., Resource allocation, 

Scheduling, Planning, etc.) incorporate different characteristics, which implies examining a wide range 

of algorithms to achieve global optimal solutions. 

3. Understanding the acceptability, usability, and effectiveness of these AI/ML solutions within the 

Operator 4.0 framework. Therefore, developing both theoretical and practical 

perspectives of incorporating industrial operators with smart features. More specifically, this objective 

aims to analysis the human factor, human-machine interaction, and Operators mental models during 

their interaction with the smart functionalities. 

 

Practical implementation of AI/ML methodologies for Empowering 

Operators 4.0 in production planning and control 
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Context and main scientific issues under investigation  
Supply Chain Management is one of the key functions on which all the industries focus to increase their 

competitiveness and customer satisfaction. However, traditional Supply Chain (SC) systems are not 

versatile and enough transparent to satisfy the growing needs and demands of the future. The objectives 

of flexibility, resilience, and efficiency, suppose that the processes are carried out in a collaborative and 

dynamic way; each stakeholder belonging to the supply chain must interact with the others in real time 

to contribute together to the realisation of the product/service. Major issues with the traditional supply 

chain are traceability of the products, transparency for the stakeholders, trust in the collaborative system, 

and security related to alteration of data. Digitisation and automation in information sharing could solve 

the problems listed above and improve the performance of SCs, as the implementation of technology in 

supply chains could provide better security, greater trust, enable process automation and could increase 

the resilience of the entire supply chain. It can also lead to effective and secure communication and 

interaction between stakeholders. 

 

Research questions addressed  
"The main research questions addressed are: 

RQ1. How can digital technology improve performance in SCs?  

In this regard, it has been demonstrated that some emerging technologies such as blockchain can be 

used in different fields and they can bring benefits in SCs as well. 

All the transactions supported by block chain are more efficient, secure, and transparent. Furthermore, 

Blockchain technology, through the application of smart contracts, allows processes to be automated, 

speeding up the exchange of information and making the system more dynamic and flexible. However, 

the impact on sustainability is not yet clear and should be analysed. 

RQ2. Which SC processes are most impacted by digitalization and in which way? 

Technology integration within SC increases visibility across the entire value chain, reduces paperwork 

and human errors, ensures transparency among all players, enhances security of data, helps identify 

counterfeit products, enables efficient traceability and management.  

" 

Research Objectives and Research Methodology  
The main aim of my research is to analyse, model and evaluate how the performance of different supply 

chains changes when digital technologies are introduced, while still meeting sustainability criteria. 

Several discrete event simulations were currently carried out using simulation and calculation software 

such as Microsoft Excel, Visual Basic for Applications and Simul8. Different methodologies could be 

used to achieve this goal, starting from the analysis of the existing literature in order to obtain a 

comprehensive view of whether and how this problem has been addressed. Then, both event-driven and 

agent-driven simulation software will be designed to model the behaviour of players of different SC 

and simulation models will be used to answer to research questions and test supply chain performance 

through key performance indicators. 
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Context and main scientific issues under investigation 
The advent of I4.0 technologies represents an outstanding change within manufacturing contexts, which 

has literally revolutionised the way companies perceive and approach their production. While, on one 

hand, the implementation of such practices has led to the enhancement of production assets, on the other 

hand it has involved a marked change in terms of new competences and skills required by operators [1], 

resulting from the new type of tasks characterising the working field [2]. 

Such a point questions the current system of training and professional growth of the people working 

within a company which, actually, needs a constant and up-to-date training [3] to render the introduction 

of such technological tools fully effective. 

We are then moving towards a working environment where people, and blue collars in particular, are 

sustained in a continuous learning process [4].  

In this context, Lean management methodologies have acquired an important role over the years, not 

only for their inherent ability to reduce waste in processes, but also for their capability to develop cross 

competencies, through a structured approach of continuous training on the field based on the use of 

specific problem-solving methods and the direct involvement of the workforce in the decision-making 

process.  

 

Research questions addressed 
1. I4.0 technologies  

The high level of complexity of technologically developed environments represents a critical aspect 

that severely challenges the individual’s learning capabilities. 

RQ1 - How does the concept of learning and its process change in relation to the different stages of 

digital evolution? 

2. Environmental factors 

Learning can be characterised by different paths ascribable to the corporate context, in terms of how 

management promote training programs for operators, or to the individual predisposition to learning of 

each employee (such as cognitive ability, work experience, personal background, etc.). 

RQ2 - How does the worker’s propensity and motivation to learn influence his/her learning process? 

The adoption of lean management practices can sustain the learning processes of factory employees [5], 

intercepting the mentioned degrees of complexity.  

RQ3 - What is the contribution of lean management to the learning process in a digitalised 

manufacturing context?  

 

Research Objectives and Research Methodology 
The research project intends to develop an integrated normative model, based on Lean management 

methodologies, aiming at helping companies to define and optimise training strategies in relation to the 

digitalisation level and the environmental factors. The focus of such new training approach should be 

oriented towards the acquisition of those new skills necessary to properly manage the key tasks 

characterising future industrial contexts. 

The project is structured into four main phases: 

1. Systematic analysis of the literature  

Concerning the topics identified in the research framework, namely Industry 4.0 features, personal and 

context characteristics affecting the learning processes, and lean management practices aimed to 

support training and education. 

2. Identification of research approach and case studies 

development 

Business contexts characterised by different degrees of technological maturity and different levels of 

lean logic adoption will be selected, observing their evolution over time.  

3. Model development  

Results of some study cases will be used to develop an interpretative model aiming at providing 

normative support to companies in the (re)design of training and education practices in relation to the 

specific context. 

4. Model validation and results analysis  

The model will, finally, be applied to new contexts to design the check if the designed training strategy 

is effective.  

 



 

 

 
 

Context and main scientific issues under investigation 
The “gold rush” towards shopfloor digitalisation is nowadays proven to be chaotic, with several 

companies using this opportunity to merely renew their shopfloor, without exploiting the potential of 

the new assets. Different research institutions designed “digital maturity assessments models” to drive 

companies towards digitalisation. However, these assessments mainly focus on the organisational 

context, leaving behind the technological context. Because of this, the shopfloor renewal process is 

almost always contingent and not part of a specific roadmap, which, to be defined, needs firstly a robust 

investigation about what and how manufacturing companies could benefit from digital technologies. In 

particular, the focus on the research would be pointed on how are machined perceived to impact on the 

different aspects of the shopfloor management (e.g., production, maintenance and energy efficiency) 

and which and how data have to be generated to provide added value to these management aspects. 

With this set of information, it will be possible to address the renewal roadmaps according to the actual 

companies' needs. 

 

Research questions addressed 
" - What are the definitions of ""criticality"" and ""digital maturity"" of an asset in the manufacturing 

sector? This question is wide and needs to be divided into further subquestions, but is essential to 

understand the research context and eventual frameworks already available.  

 - What are the best practices towards shopfloor digitalisation? This question will help the effectiveness 

of the methodology by weighting the outcomes of the previous one. Furthermore, success stories will 

motivate companies by submitting potential study cases. 

 - Which is are the most used methodologies to map shopfloor assets? This question will help defining 

a visualisation tool to allow companies easily defining an intervention strategy." 

 

Research Objectives and Research Methodology 
The research will investigate as first the dimensions according to whom manufacturing companies 

currently consider a machine ""critical"" (e.g., from a production/maintenance/energetical point of 

view), then it will frame the machines' digital maturity according to which and how data are managed. 

These two phases will be accomplished through literature investigations.  

Once retrieved relevant outcomes, the research will rely on these to proceed through the definition of a 

framework, to be applied in some SMEs selected cases. The framework structure will be derived from 

the existing ones assessing the digital maturity of a manufacturing company (at higher levels). This will 

allow companies to perceived the proposed research as a further and more ""operational"" step towards 

an actual digitalisation.  

Finally, it is supposed the creation of a software tool able to frame the numerical outcomes of the 

presentation on a map of the shop floor or of the production flow. 
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Context and main scientific issues under investigation 
My PhD deals with the possible use of Machine Learning (ML) techniques in production sector to 

improve and optimise its overall performance.  ML techniques achieved huge application in the last 

years thanks to (i) the increase in calculation performance of the modern computers and (ii) the 

increasing availability of data brought by the application of Industry 4.0 (I4.0) paradigm to production 

systems. ML algorithms can be used to capture relationships in the data not easily readable and 

developing intelligent predictive algorithms. Particular attention is paid to the maintenance field where 

the adoption of the ML techniques on data gathered from monitoring systems could allow to achieve 

several industrial advantages such as maintenance cost reduction, machine fault reduction, repair stop 

reduction, spare parts inventory reduction. 

Some open issues related to the application of the ML algorithms in the production sector arose so far: 

i) the quality of gathered data; ii) the interpretability of the results obtained from ML algorithms; iii) 

unbalanced dataset; iv) the cost-effectiveness of these techniques in the maintenance field considering 

the high initial investment and the reliability and maintenance of the monitoring system. 

 

Research questions addressed 
RQ1. How to manage unbalanced dataset? 

Often available datasets are unbalanced. They include a huge amount of data related to one operating 

status (healthy), while few data related to other ones (faulty) are reported, many time oriented to some 

more frequent types of faults. Thus, ML techniques cannot learn successfully how to distinguish the 

different operating states. In this topic, the possibility to generate simulated data related to fault 

conditions by means of a digital model of the physical system could be explored.  

RQ2. When is it cost-effectiveness for an industry to implement ML techniques for improving 

maintenance policies? 

Using ML techniques within an industry requires a high initial investment to buy and install all the 

necessary instrumentations, Information Technologies and software to monitor, collect and analyse 

data. Thus, my research would address the development of a costing model that could provide such a 

decision tool for cost benefit analysis. 

 

Research Objectives and Research Methodology 
Despite the willingness, it is quite difficult for real industries to adapt and deploy ML methods that are 

efficiently proven over large public datasets when their local machine data is scarcely available for 

economic reasons, lack of measurement equipment, lack of specific competences. Thus, the main 

objective of the research is to evaluate the feasibility of the application of these techniques in these 

contexts by developing a decision model that considers both costs and the performance of the 

algorithms.  Another research objective aims to make more feasible the implementation of these 

techniques in the industries by finding suitable mathematical/statistical tools able to improve the quality 

of small datasets that contains data gathered from few sensors or unbalanced data. To achieve these 

objectives, the research aims to i) find the best practices to implement a ML approach; ii) classify the 

most used ML algorithms according to the monitored equipment; iii) understand how these techniques 

are applied in the production sector and the results they can achieve in terms of benefits and barriers. 

Finally, public available datasets could be used to validate the models and methods. 
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Context and main scientific issues under investigation 
The aim of the research is to highlight and propose computational techniques to enhance the 

performances of production systems. The focus of the research plans to move towards robust 

scheduling, dynamic scheduling taking into account asset health, health indicator construction from 

sensors data and data acquisition architectures. 

 

Research questions addressed 
"Can asset health data contribute to scheduling activities in front of uncertainties? 

Is the quality of the health indicator relevant to scheduling activities in front of uncertainties? 

Is feature extraction relevant in leading to low-cost data architectures for Industry 4.0?" 

Research Objectives and Research Methodology 
Research Methodology shall be based on computational experiments and applications cases, in order to 

highlight proper techniques for obtaining robust schedules in front of uncertainties, extract asset health 

knowledge from sensors data and acquire data from high-rate sensors. 
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Context and main scientific issues under investigation  
The continuously changing working environment (i.e., social, political, technological and economic 

changes) makes Occupational Safety and Health (OSH) management more complex over time and a 

constant challenge for any organisation. 

Understanding successful strategies i.e., effective initiatives (efficiency plays a minor role in OSH) in 

organisations is a crucial priority for OSH management and workers’ well-being that should be 

contextualized in the environment where they are implemented. 

Among academics and practitioners, there is an increasing consensus that a connected network of OSH 

actors is a strong driver to improve the implementation and effective monitoring of initiatives. However, 

in the literature, it seems that – when developing OSH initiatives – just local improvements rather than 

the surrounding OSH system are considered. 

The preliminary analyses (literature reviews and field interviews) have revealed that there is still a gap 

in OSH practices between what is theorised at the policy level and what is daily implemented at the 

operational level. Here arises the need to study existing OSH systems and to understand how they can 

effectively improve the development of new initiatives and the management of those already in place. 

 

Research questions addressed  
Overarching Question: How can an OSH ecosystem become more effective and increase its impact at 

the local level? 

An effective OSH ecosystem is where actors are conscious of their role and activities to manage. The 

“ecosystem” will be analysed by studying OSH social networks and related contextual factors. 

RQ1: How do national (European) OSH systems currently work? 

OSH systems are already sufficiently developed across countries and studying different social networks 

will outline best practices and room for improvements. 

RQ2: How can an OSH ecosystem better adapt to changing environment? 

The OSH ecosystem is context-dependent because of changing contextual factors and OSH actors. 

Universal (stable) and local (changing) characteristics are therefore studied in detail starting from 

previous findings. 

RQ3: How can knowledge of the OSH ecosystem support local OSH initiatives for workers’ well-

being? 

At the national level, the knowledge of the OSH ecosystem will help in improving current local OSH 

initiatives and developing new, more effective ones. Evidence (impact) of that can be then evaluated 

through time. 

 

Research Objectives and Research Methodology 
"The “OSH ecosystem” concept (i.e., the relationship between the OSH social network and contextual 

factors) is new therefore the overall research project relies on exploratory and qualitative studies 

developed through the collaboration with experienced researchers and practitioners from highly diverse 

contexts. 

The OSH social network will be studied with a comprehensive analysis of national (European) OSH 

systems through the OSHwiki website, which is a very reliable source as edited by the most prominent 

national OSH organisations and complemented by cross-checks in the respective national websites and 

literature papers on the topic.  

In the light of previous achievements, contextual factors, affecting the structure and activities of OSH 

actors, will be analysed to detect their positive and negative effects on the effectiveness of OSH systems 

A holistic approach for occupational safety and health 

management: designing a dynamic and impactful ecosystem  
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and the consequential impact on locally implemented initiatives. Focus groups will be developed with 

both academics and practitioners experienced in OSH and/or social networks. 

Thanks to the current collaboration with INAIL on a project for developing an OSH ecosystem to 

support the monitoring of near misses in industrial sectors, it will be possible to perform focus groups 

with workshops, involving partners at different levels, to frame the characteristics of the Italian OSH 

ecosystem and, once defined, to evaluate the acquired consciousness by investigating the beneficial 

effects on local OSH initiatives, in particular on implemented activities for near-miss monitoring." 

 

 

 
 

Context and main scientific issues under investigation  
Recent developments in modern industry paradigms are pushing the transition from a fully technology-

driven approach to a human-centric approach in which the workers have not to continuously adapt to 

the new technology, but the technology involved is needed to serve them and to be adapted to their 

needs and diversities. More recently, in 2021, Romero and Stahre introduced the resilient operator 5.0 

based on the self- and system-resilience paradigms. Self-resilience for the workforce is created by 

overcoming human fragilities whilst system-resilience paradigms aim at creating conditions for 

reaching the optimal working conditions. One of the components of the “self-resilience” is the “physical 

resilience” which can be reached by deploying apposite assistive device for improving operator's 

wellbeing and endurance. This research aims to investigate the applicability and effectiveness of such 

devices in manufacturing and logistic context. 

 

Research questions addressed  
1) What impact have assistive devices (exoskeletons, etc.) on task execution times? 

Investigating direct impacts of these devices in task execution times in different tasks could enable the 

development of models for considering these impacts on task scheduling and in the overall 

manufacturing or logistic process. 

2) How to evaluate benefits by a managerial point of view? The development of models for 

understanding impacts and benefits of assistive devices. 

 

Research Objectives and Research Methodology 
The objectives of the research are the following: 

- Develop a new methodological framework for manufacturing systems in presence of assistive 

equipment inside a collaborative environment. 

- Develop a new model for manufacturing system in presence of collaborative and assistive tools 

for designing an age-friendly workforce. 

- Develop a new Decision-Making System to evaluate the use of different assistive equipment by 

considering the workforce characteristics. 

With regards to the methodology, the research will start with a thorough review of the existing literature 

concerning digital technologies and digitalized production systems. With the aim of the literature, a first 

methodological framework for manufacturing systems in presence of assistive equipment inside a 

collaborative environment will be developed. As a next step, a new model for manufacturing system in 

presence of collaborative and assistive tools related to the workforce, especially aging workforces, will 

be performed and validated with a set of numerical instances derived from literature and Italian 

company cases. At the end, by analysing the results obtained from the developed model, a Decision-

Making System will be presented to evaluate the use of different assistive equipment by considering 

the workforce characteristics in a manufacturing system. The objective of this work is to justify the 

Human centered assistive devices applicability in manufacturing 

and logistic systems  
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deployment and the benefits of assistive devices (exoskeletons, etc.) in different industrial and logistic 

scenario to provide support for decision making. The research methodology starts with literature and 

case studies analyses. Data interpretation and testing in laboratory complete the methodology. 

 

 

 
 

Context and main scientific issues under investigation  
Risk-Based Maintenance and Condition-Based Maintenance are pivotal tools for improving the safety 

of industrial operations. Indeed, possible failures may result in immoderate consequences for human 

beings and environment. The objective of this research is to study novel RBM and CBM methodologies 

capable of mitigating the risk arising from failures by identifying the most critical devices and 

scheduling maintenance. Any maintenance planning is preceded by a reliability analysis. This task is 

performed through Hierarchical Bayesian Modelling (HBM). HBM has several advantages compared 

to traditional frameworks, indeed it includes prior information, and it is updatable as soon as new 

observations become available. Considering a RBM framework, a major task is represented by the 

severity analysis, which will be conducted through a simulation software. On the other side, in a CBM 

context, a difficult task is performing the health assessment of a monitored equipment in case the 

acquired signals present strong non-linearity and non-stationarity. Signal denoising techniques and 

machine learning will be employed to conduct this task. The major pro of the present PhD proposal is 

improving the current approaches adopted within RBM and CBM frameworks through the introduction 

of novel techniques. 

 

Research questions addressed  
Optimizing maintenance policies is crucial to reduce risks and costs, while maintaining performance. 

This will improve the safety of the operations as long with an increase of productivity. To fulfil the 

research objectives, the study is divided into four research questions: 

• How to estimate risk arising from the operations for an industrial plant in case few data are 

available, or information are unknown? 

• How to perform the health assessment of a given equipment characterized by highly non-

stationary and non-linear Process Variables? 

• How to develop a methodology capable of guiding the prognostic maintenance actions based 

on relevant parameters of a certain device? 

 

Research Objectives and Research Methodology  
"The main objective of this PhD project is improving the safety of industrial operations through the 

application of a methodology capable of quantifying and reducing the risk arising from failures. The 

following sub-objectives are required to reach the main one: 

• Developing a methodology for accurately estimate the risk of the operations and accordingly 

plan maintenance actions. The methodology should be implemented even in case of data scarcity, and 

it should be updatable as soon as new information are available. (Hierarchical Bayesian Modelling, 

Simulation software, fuzzy logic) 

• Defining a framework to assess the condition of a monitored equipment in presence of multiple 

non-stationary and non-linear signals (Hierarchical Bayesian Modelling, Machine Learning).  

• Developing a methodology that allows to perform prognostic actions based on the monitored 

parameters (Hierarchical Bayesian Modelling, Machine Learning). 
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Context and main scientific issues under investigation  
This thesis focuses on resilience management for industrial sociotechnical systems in critical or highly 

complex contexts with reference to safety and risk management. The present safety management or risk 

analysis techniques are focused on analyzing the interactions among the components/element of 

industrial processes trying to reduce the number of incidents. Over time industrial processes are 

becoming more complex due the increase of dynamic interactions among system’s components (non-

linear), the diversity of the elements, and the variability and uncertainty involved in the process. Thus, 

modern systems demand for updated safety models capable to cover all these issues. On the other hand, 

there is a large extent of data related to industrial incidents, collected and stored on databases whose 

potential is not fully exploited yet.  

Therefore, this research focuses on:  

(i) using Business Intelligence tools to obtain information from past industrial incidents/accident 

reports, and to contribute to current techniques on risk and safety management by adding new 

parameters/analysis to complement them. Business Intelligence will be complemented with dedicated 

Machine Learning algorithms;  

(ii) using System Theory to model the relationships among the elements of complex or highly socio-

technical systems and determine the criticalities on the system. Then, integrate this models with 

probabilistic or stochastics models to quantify the criticalities to perfom further analysis that prevent or 

reduce future accidents/incidents. 

 

Research questions addressed  
The application of Business Intelligence on databases related to industrial safety reports entails the first 

research question of my PhD project: how can Business Intelligence tools provide useful information 

to learn from past accidents and allow the development of new quantitative and semi-quantitative 

analyses for the reduction of future criticalities?  

With the information obtained through the analysis using Business Intelligence, I seek to create a novel 

safety model that incorporates information from past accidents as a basis for the study of the interactions 

of system’s components. The model is expected to be a support tool to reduce the incidence of accidents, 

and to manage more efficiently possible risks to ultimately promote a safer, sustainable and resilient 

work environment. 

The second question (ongoing) of my PhD project is: how can stochastic methods help developing 

quantitative or semi-quantitative analyses that could be used to examine and predict the impacts (a range 

of certain) of a hazard on the system performance (identify how could be in the system)? 

 

Research Objectives and Research Methodology  
The main objective of risk management and safety management is to reduce occurrence of the industrial 

systems incidents with operational and/or occupational impacts and improve the knowledge of the 

industrial processes to manage in smart way the risk existed in themselves. Going into the details of my 

PhD project, the overall research question is translated incorporating Resilience Engineering theories 

to evolve towards proactive strategies that can deal with modern safety management issues related with 

the present industrial process (socio-technical, smart factory, industry 4.0).  

Specifically, my research question can be translated into four different objectives:  

(i) to apply business intelligence tools to classify and describe past accident reports, in a way that 

remains understandable by all parties;  

(ii) to apply machine learning algorithms to observe or determine new behaviours or potential hazards 

that have not been previously considered;  
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(iii) to model complex socio-technical system to identify the system criticalities and the interactions 

among the elements to define a detailed description of the system and its issues;  

(iv) to integrate probabilistic methods to quantify the system criticalities modelled and described in the 

previous objective. 

 

 

 
 

Context and main scientific issues under investigation  
This PhD research project investigates human’s role in cybersecurity socio-technical systems. The 

increasing complexity and interconnectedness of these systems is forcing researchers to investigate in 

which part humans are a threat or an opportunity for organizational cybersecurity. The research has 

started with a systematic literature review focused on understanding how Cyber Physical Systems 

(CPSs) resilience is measured and to which extent do CPSs contribute to the resilience of technical and 

socio-technical systems. The survey highlighted two main issues which have been taken under 

investigation. First the mapped evidence highlights the need for human-in-the-loop in cybersecurity. 

Studies addressed humans as flexible and able to rapidly judge and attack, stressing the importance of 

a continuous synergy among humans and machines to pursuit cybersecurity effectiveness. Second the 

review has also highlighted the importance of building resilience in cybersecurity. Threats and incidents 

become more sophisticated, and there is the need to keep pursuing the shift from cybersecurity to cyber-

resilience understanding the nitty-gritty of these events in real operational settings, managing variability 

rather than simply trying to reduce it. In keeping with the need for a dynamic approach, this research 

investigates the importance of incident reporting and learning from incidents. 

 

Research questions addressed  
RQ1: First, this study will investigate how humans should be involved and trained to be considered as 

a defensive agent and as a vulnerable agent in today’s complex organizational scenarios. Specifically, 

the research will identify human factors involved in cybersecurity and in which way those are linked to 

NIST cybersecurity framework functions.  Then, possible training approaches will be collected, and 

their performance evaluated to pursue the goal of proposing the optimal training program for each 

person and organization. 

RQ2: Second, following ENISA recommendations and research gaps, the study will investigate which 

are the dimensions to be considered to build an efficient and globally used cyber incident reporting 

approach. This approach should allow to investigate and extract lessons learned both in cases of near 

misses and incidents in a perspective that encompasses both security and safety, remembering the 

importance of a cyber-management that should not only be reactive but proactive as well.  

 

Research Objectives and Research Methodology  
This PhD journey started with a literature review which identified challenging research gaps that have 

been taken into consideration in the following years. The second year was dedicated the study of the 

NIST framework and linking all its subcategories to a cyber-management prospective. 

This has led to mapping all human factors involved in cybersecurity. These will be validated with a 

team discussion by assessing the extent to which they may result in potential vulnerabilities or solution 

for the affected systems. Next step will be a review of all the training programs proposed so far. The 

objective of this phase will be to understand how to prepare resources by proposing effective and 

engaging training programs that guide skilled or unskilled resources in increasing cyber awareness. 

Next, a framework for identifying the best training for each context will be proposed. This will be 

validated by experts through structured interviews. 
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Regarding RQ2, the objective is to propose a classification for post cyber-attack information gathering. 

Considered one of ENISA’s objectives, it is necessary that organizations increase their awareness on 

the importance of recording incidents to learn from them. Along with this a Chabot is being developed 

to help organizations collecting incident information and helping employees dealing during and after 

the incident.  

 

 

 

 

 

 

 

 

 

 

 

 

Context and main scientific issues under investigation  
Even though industrial equipment and systems often operate in variable conditions, and during their life 

cycle may also experience changing scenarios and requirements, they are designed resorting to nominal 

conditions. Additionally, their performance is affected by random events, as well as the uncertainty of 

their internal parameters, but final designs are often considering cost-effective by evaluating it by 

deterministic methods. Some rules of thumbs may be used to manage variability but frequently it is 

simply neglected using nominal specifications based on average operating conditions, and assuming 

mathematical models, parameters, and physical properties as deterministic. For economic performance 

assessment of designs and for economic/technic objective functions in case of design optimization 

uncertainty is usually not included. 

Literature analyses the response of a system under uncertainty, for example using sensitivity analysis 

and uncertainty propagation, but it is very scarce in considering this uncertainty during design and, in 

some case, also in the evaluation process. Furthermore, in some industrial sectors there are not available 

probabilistic performance evaluation methods. The proposed research deals with incorporate 

uncertainty in design for equipment and industrial systems believing that considering variability and 

uncertainty in the design phase leads to superior performances and better system design. 

 

Research questions addressed  
1. According to previous studies, there is an economic and technical gain by considering uncertainty 

during the design of industrial equipment and plants. Does the inclusion of uncertainty of correlation, 

component failures, disruptive events and other similar elements in a probabilistic evaluation method 

affect the economic evaluation of the project? 

2. Given a case study, if the project is cost-effective using a deterministic scenario, is it still cost-

effective if it is evaluated using fully probabilistic evaluation methods? 

The answer to the first question could show whether the increased modelling efforts are justified by a 

more accurate assessment of the economic investment. While the first answer legitimises the research, 

the second may show the mandatory necessity of devising a probabilistic evaluation method in order 

not to make wrong decisions due to the use of wrong assumptions coming out of oversimplified 

evaluation processes. 

Research Objectives and Research Methodology 
A critical review of the literature on design methodologies under uncertain and variable conditions (for 

the process and the production plant) was carried out. The design methodologies considering variable 

operating conditions were applied to the case of heat exchanger design. The uncertainty of correlation 

and the random uncertainty of inlet temperature and fluid mass flow rate were considered 

simultaneously. The results showed the importance of selecting the correct design method to correctly 

optimise the final design. A critical review of the literature on design methodologies and economic 

evaluation of continuous plants is underway. The plants chosen, due to the widespread green energy 

policy and economic importance, are wind power plants. For onshore wind power plants there are some 

commercial software and scientific articles that attempt to address economic evaluation under 
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uncertainty, but not for offshore wind power plants. A fully probabilistic economic evaluation method 

for offshore wind plants is being developed in order to fill a gap in the literature and understand the 

importance of considering uncertainty during the project evaluation process for proper economic 

evaluation. 

 

 

 
 

Context and main scientific issues under investigation  
The PhD research general objective is support manufacturing organizations evolution by consolidating 

a new human-centric Smart Manufacturing. It wants to define innovation paths considering worker as 

central player in the production process and work environments, where close human-machine 

collaboration emerges. When implementing new 4.0 collaborative technologies, new risks arise. 

Moreover, tasks are often allocated statically to humans and machines. Instead, dynamic allocation 

strategies could meet the need to preserve an adequate involvement of operators in digitized processes, 

as well as to ensure great safety level considering evolution of process conditions and psychophysical 

conditions of workers. Besides investigating new risks in depth, the research aims to define a new model 

based on Adaptive Automation rationale, specifically on critical-event invocation strategy. Considering 

collaborative solutions, such as Cobots, this means dynamically modify tasks allocation by shifting 

control of functions when predefined conditions occur. So, different literature reviews aim to identify 

new requirements, challenges and risks to the worker arising from 4.0 collaborative environment, and 

to map existing rationale for allocating tasks and activities between human and machine respectively. 

Then, design and implement an innovative Adaptive Automation model. 

 

Research questions addressed  
RQ1 investigates the established manufacturing digital solutions directly involving worker and the main 

worker health and safety risks related. The objective is to fill the literature gap which states that 

technological development has not yet addressed all the challenges related to human health and safety 

in manufacturing processes where collaborative logics emerge from the complexity of 4.0 environment. 

Moreover, define new requirements for manufacturing evolution, investigating challenges and risks 

arising from the new technologies’ implementation. RQ2 investigates the tasks and activities allocation 

to worker and machine respectively, where 4.0 collaborative technologies emerge. The objective is to 

define a new dynamic allocation model, based on Adaptive Automation, to preserve health and safety 

issue, even considering the risks previously identified, and to ensure adequate worker involvement in 

processes. This research fills a literature missing: several applications of Adaptive Automation emerge 

but considerable gap exists referring to 4.0 technologies implementation in manufacturing. 

 

Research Objectives and Research Methodology 
PhD research began with two literature review related to the two RQs presented. Initially, 

manufacturing 4.0 collaborative solutions have been selected and new and emerging risks related have 

been identified. New risk categories compared to the traditional ones, such ergonomic, organizational, 

and psychological ones arise. Identify new methodologies to detect, assess and monitor these risks, such 

as those related to Resilient Engineering, is quite evident.  The second research provided for a 

preliminary analysis of task and activity assignment strategies. Logics can be analysed and classified 

considering different criteria, such as static or dynamic, system LOA and other. This wants to identify 

a suitable methodology to fill the scientific gap related to the implementation of Adaptive Automation 

in manufacturing considering 4.0 collaborative technologies. Subsequently, it is planned the model 

declination and implementation in real manufacturing contexts. Therefore, a process of "Design aspect 

of adaptive automation" will be formalized. It foresees three basic steps, independently from specific 
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application: sharing control or trading control definition, so the level of man-machine collaboration; 

selection of automation invocation typology, where a critical-event strategy allows to include the new 

risks; finally, decision authority definition, depending on the system LOA and following human-

centered automation principles. 

 

 

 
 

Context and main scientific issues under investigation  
According to recent studies relating to the automotive sector, the supply chain is responsible for 80% 

of the added value of a vehicle (Manello and Calabrese, 2019).  

Similarly, the trend towards outsourcing, the decrease in the supply base, the adoption of just-in-time 

policies, and the reduction of the products' life cycle have led to increased risks related to the supply 

chain (Colicchia and Strozzi, 2012). 

According to an ever-increasing need to cope with supply chains' fragility and the progressive 

development of artificial intelligence techniques, scientific literature has responded with a significant 

increase in publications on the use of AI in supply chain risk management. 

However, while the literature related to the application of the techniques mentioned above to the 

""response"" phase is broad, it is not equally numerous in publications related to the ""identification"" 

and ""assessment"" phases or which alternatively deal with all three jointly. 

To address this gap, the main scientific issue under investigation will involve: 

• the integration of internal, external, and inter-company sources to predict supply chain failures, 

• the evaluation of the consequences that these failures could have on the downstream production 

system, 

• the design of optimization models for taking proactive actions. 

 

Research questions addressed 

• How to choose, integrate, and process information from different sources to predict incumbent 

risk inside the supply chain?  

While literature about supply chain risk classification is well developed and some machine learning 

methods have been applied to this context, they often use data from a few different sources. Feeding 

models with multiple different data sources could thus be of help in discovering more hidden patterns 

inside a supply chain. 

• How to structure an increasingly automated approach that allows covering all the typical phases 

of supply chain risk management, fully exploiting the large amount of data to which companies have 

access? 

Literature is rich in studies addressing single stages of the risk management process. However, linking 

predictions from machine learning models to mathematical optimization models could enrich this body 

of literature with integrated approaches, able to model complex reality better. 

 

Research Objectives and Research Methodology 
The PhD project's main objective will be to build an integrated and automated decision-supporting 

system that covers all the phases of supply chain risk management.  

To this end, the first year will be dedicated to understanding how to design a proper data warehouse to 

integrate and manage data coming from different sources for an appropriate identification of supply 

chain risks. Furthermore, comparative studies on the performance that different machine learning and 

deep learning models can achieve on different supply chain-related problems and datasets will be 

another investigation object.  
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The second-year will focus on assessing the impact that identified risks could generate on the 

downstream production system. To this end, studies will be conducted to understand how different bill 

of materials configurations and sourcing policies affect the rescheduling of production plans when a 

disruption occurs. 

The last year will focus on choosing the best corrective actions to implement to manage risks previously 

identified. The main methods under investigation will regard tools for making AI prediction explainable 

and robust optimization modelling to support the decision in a typical uncertain environment.  

 

 

 
 

Context and main scientific issues under investigation  
A wide range of tasks in the production sector require humans, and their performance largely depends 

more on workers than on machines. Workers may have different features and capabilities, though, and 

production systems can be influenced by such differences. Workforce features may vary between 

workers in terms of many parameters, such as skills, age, gender and anthropometry measures, and 

these differences can affect the overall performances of the production system in terms of time, cost, 

throughput, and human health and job safety. Therefore, consideration of workers’ differences in 

production systems can play an important role, particularly in sections with high manual demands, as 

for example, assembly processes. In this environment, the typical goal of managers and engineers is the 

appropriate assignment of workers to various stations and the balancing of the line. Therefore, 

identifying the workers’ features can be considered an important challenge when assigning appropriate 

workers to the right stations to improve the adaptability of workers to their assigned tasks. This 

represents an interesting topic that is also in line with the directions of the new Industry 5.0, which 

draws attention to the development of human-centred systems and that for now has received limited 

contributions in the literature. 

 

Research questions addressed 
RQ1: How have the differences between workers been considered in manual production systems in the 

previous studies?  

This RQ mainly focuses on the most important aspects of workers’ differences which have been 

considered so far in production systems, particularly in assembly systems, and how these differences 

can impact on production systems.  

Despite much research in the human factors area, the workers’ differences issue has not been 

sufficiently considered yet. 

RQ2: How can workers’ differences be considered in the assembly systems? 

There are some measurements which can be applied to consider workers’ differences. In this study, 

there are two main aspects, including expertise and perceived physical exertion. They can be measured 

by workers’ tasks execution time and a qualitative assessment tool.  

RQ3: How can workers integration into assembly systems be helpful for workforce management? 

The workers’ differences consideration can lead to higher workers’ satisfaction and at the same time 

workers productivity.  

 

Research Objectives and Research Methodology 
The main objective of this research is to (1) investigate workers’ differences, (2) integrate workforce 

differences into assembly systems, and (3) address workforce management problems in an appropriate 

way. To achieve the aforementioned objectives, main steps have been taken as follows: 

Human-centred production system design and management: new 

models and methods 
 

Niloofar Katiraee 

University of Padova 



•        Development of a literature analysis to investigate workers’ differences importance in production 

systems with a particular attention on assembly systems.  

•        Study of which are the main workers’ differences that have been integrated so far into mathematical 

models and how these have been included 

•        Proposal of integrating workforce differences in terms of both workers’ expertise and perceived 

physical exertion into an assembly line balancing and worker assignment model. In this regards, a 

Worker Task Categorization Matrix (WTCM) has been developed to indicate how each task is perceived 

differently by each worker in terms of physical level and experience. 

•        Extension of the mathematical model also adding trainers (more experienced workers) into the 

model. In the final model, two main steps are suggested: a strategic and tactical phase, which refers to 

long-term decisions (i.e. define how many workstations to install, which tools and equipment are 

necessary) and an operative phase, with medium and short-term decisions, when the real workers’ 

features are known.  

 

 


