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Municipal Solid Waste Management (MSWM)

Crucial role in achieving (some of) the United Nations Sustainable Development Goals (SDGs) 
and fostering a green economy. 

The European strategies in the MSWM field have shifted in the last years moving towards 
approaches aimed at promoting recycling and resources recovery.

GREEN PARADOX: prioritizing environmental sustainability can conflict with occupational 
safety and health of workers in the waste management sector.

☺ more waste sorting and recovery facilities ➔ increase in the workforce

 complexity of MSWM systems ➔ new risks for the workers
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Challenges in Waste Management Safety

Data from INAIL (Italian National Institute for Insurance against Accidents at Work): 

10,000+ work accidents and 1,000+ work-related illness (annually)

WHY?

Unsafe behaviors, low-risk perception, and a lack of adherence to safety protocols

HOW?

* variety of hazards (chemical, biological, biomechanical)

* variability of waste materials can pose unforeseen dangers

* low educational levels and different languages and cultures

* individual and psychosocial factors 



Effective Training and Gamification

▪ Effective training is a cornerstone of occupational safety and health prevention strategies 
mandated by Italian legislation.

▪ Engaging training methods (i.e., hands-on demonstrations) can promote safe work practices, 
reduce stress, and enhance safety BUT can be very expensive!

▪ Using game-like elements in training offers a cost-effective and flexible approach that can 
provide realistic simulations and promote learner-centered education. 



The SOHS Project

Sustainable Occupational Health and Safety in Waste Treatment Plants: A Gamified Training 
Tool for Workers

Two-year Project - PRIN 2022 (Research Projects of National Relevant Interest) 

Funded by the Italian Research and University Ministry and the European Union 
NextGenerationEU

Website: https://www.sohs.it



Collaborative effort (1/2)

1. University of Roma Tre (Department of Education): mixed-methods analysis of the role played 
by individual and psychosocial variables in affecting occupational health and safety and the 
overall efficiency and sustainability of a working system. 

2. Italian National Research Council (Institute of Sciences and Technologies for Sustainable 
Energy and Mobility): management of waste from the agri-food chain, monitoring of 
greenhouse gas emissions generated by the composting process, and the development of 
innovative processes for the valorization of agro-industrial by-products into organic fertilizers.

3. University of Turin (Department of Life Sciences and Systems Biology): anthropometric and 
biomechanical variability and how they affect human interaction with life and work environment 
and technological artifacts, ergonomic analysis of work activities, with attention to health, safety, 
and comfort, to promote wellness at work, healthy lifestyle, and wellbeing.



Collaborative effort (2/2)

4. University of Brescia (3 different groups and departments):

▪ The Sanitary and Environmental Engineering research group: pollution phenomena and 
technologies for the protection of the environment and human health. 

▪ Group of Occupational Health and Industrial Hygiene: occupational health and risk 
assessment mainly using industrial hygiene resources and methods

▪ The Human-Computer Interaction group: Human Work Interaction Design, usability, and user 
experience of interactive systems for professionals, typically not experts in IT nor 
interested in becoming ones, but deeply knowledgeable of their work domain. 



Three case studies (plants)

1. Social cooperative in Brescia, active since 1995, that pairs environmental actions with social 
actions. 

2. Company operating in the municipal waste disposal sector since 2003, in the North-West of 
Italy (Asti province). 

3. Company that recovers recyclable materials in Parma, funded in 1963.



Objectives of the Project

1. To perform a multidimensional occupational risk assessment in the three plants selected as 
case studies. The risk assessment will include biomechanical, chemical, biological, and 
psychosocial risk factors during on-plant waste processing. This activity will lead to defining risk 
scenarios enriched by individual behavioral components.    

2. To design and develop a digital twin prototype – i.e., a virtual replica of a waste management 
plant – that allows studying different identified scenarios for workers’ training, to support the 
identification of on-site hazards and learn how to perform correct and safe behaviors.    

3. To test the prototype's usability and user experience with a group of potential end users 
representing the variability of the workforce (in terms of age, gender, cultural differences, 
and level of work expertise). 
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THE PROJECT STARTED IN 
OCTOBER 2023



6 steps (design only!)

▪ User research

▪ Task analysis

▪ User experience design

▪ Scoring system design

▪ Sketches and wireframes

▪ Design handoff
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Preliminary Results

Our initial findings from on-field observations include:

* Feedback from domain experts on training needs

* Analysis of work environment and context

* Identification of common worker behaviors and challenges



Designing for Diverse Users

Our training solution must be inclusive and accessible to all workers. We are focusing on:

* Designing interfaces that are easy to understand and use

* Providing support for different languages and cultures

* Considering the physical and cognitive abilities of workers







Next steps

▪ Further visits to the plants

▪ UX and scoring system design (reward system): definition of appropriate rewards and penalties 
to keep the workers motivated and at the same time to inform them of the risks they might be 
exposed to

▪ Low-fidelity prototypes to be evaluated with user representatives
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Stay tuned for more results!



Contacts

Barbara Rita Barricelli

Department of Information Engineering

University of Brescia (Italy)

Website: https://barbara-barricelli.unibs.it

Email address: barbara.barricelli@unibs.it
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