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Motivations and 
objectives of the research 

The licensing and operations of future-generation nuclear 
reactors require extensive development of Modeling and 
Simulation (M&S) to investigate possible accidental scenarios 
and predict their consequences. Deep Learning (DL) and 
Machine Learning (ML) are frequently used to develop 
computationally less expensive surrogate of complex multi-
physics high fidelity models in support to M&S (Ayodeji et al., 
2022). However, DL and ML-based models are generally black-
box, which do not assure any structure based on physical 
correlations and may lack interpretability and proper 
quantification of the model outputs uncertainty. This poses 
limitations on the credibility of ML and DL and their adoption 
for the safety assessment and licensing of novel reactor designs 
(Barredo Arrieta et al., 2020), especially in a well-regulated 
industry such as the nuclear one. 

Physics-informed Neural Networks (PINNs) allow integrating 
fundamental physical laws and domain knowledge into data-
driven models (Karniadakis et al., 2021). This assures good 
generalization capabilities and extracting more interpretable 
information from the model. On the other hand, recent trends 
focus on the development of DL (and PINNs) approaches able to 
provide the model uncertainty, associated with the model 
approximation error, and to consider the uncertainty in the input 
parameters, which is related to the randomness and ignorance of 
the exact value of design variables and calibration parameters 
(Abdar et al., 2021). 

In this light, the thesis aims at developing a PINN able to provide 
interpretable results along with model uncertainty quantification 
in support the M&S of a nuclear microreactor. The approach will 



be validated on a simulation model of a nuclear battery, which is 
a transportable, plug-and-play, heat-pipe-cooled microreactor 
(Buongiorno et al., 2021). The considered nuclear battery is a 
semi-autonomous 5 MW (thermal) high-temperature heat-pipe-
cooled yttrium-hydride moderated microreactor designed at MIT 
(Antonello et al., 2022). 
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Activities • Literature review, especially on i) PINNs (Karniadakis et al., 2021) 

and gradient-enhanced PINNs (Yu et al., 2022), iii) Uncertainty 
quantification for DL (Abdar et al., 2021) and PINNs (Zhang et al., 
2019), and iii) microreactors and nuclear batteries designs 
(Buongiorno et al., 2021; Antonello et al., 2022). 

• Getting acquainted with the modeling and simulation tool of the 
nuclear battery.  

• Methodology development. 
• Implementation of the algorithms in Python (and Matlab). 
• Application and validation of the methodology 

International 
collaborations 

Massachusetts Institute of Technology (USA) 

Required competencies 
and skills 
 

• Interest in developing innovative Artificial Intelligence 
algorithms to tackle real applications;  

• Good knowledge of Python and Matlab programming or a 
willingness to learn before starting the assignment. 

Composition of the 
research group 

• Number of Full Professors: 2 
• Number of postdoctoral researcher: 1 

Name of the research 
director 

Enrico Zio 

Email address  enrico.zio@polimi.it 
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Web page lasar.polimi.it 
Duration of the dissertation 

Total thesis duration 9 months. At most 1 pending exam 
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