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Thanks to the scholarship provided by the C.M. Lerici Foundation, I had the opportunity to spend about 4 
months at Mälardalens Högskola (MDH) in Västerås, Sweden. I collaborated with professors and researchers 
of MDH on the topic of Bayesian belief network (BBN) based diagnosis systems applied to fuel cell – gas 
turbine hybrid systems.  

Fuel cells are one of the most promising and environmentally sustainable technologies in the energy field, 
thanks to their high efficiencies and low emissions. In addition, solid oxide fuel cells (SOFC), can be 
effectively incorporated into a hybrid system, and their residual thermal energy used to drive a micro gas 
turbine (MGT). Hybrid systems can achieve an efficiency higher than 60%, but are known to be delicate, 
especially due to the fragility of the cell, which could be permanently damaged if its temperature and pressure 
levels exceed their operative limits. This damage could be caused by degradation of a component in the system, 
or some sensor fault that leads to a wrong control action. To be considered commercially competitive, these 
systems must guarantee high reliability and their maintenance costs must be minimized. Thus, it is necessary 
to integrate these plants with an automated diagnosis system capable of detecting degradation levels of the 
system many components in order to properly plan maintenance, and to recognize a sensor fault. For this 
purpose, the potential of BBNs for diagnosis applications on SOFC – MGT hybrid systems was investigated. 
A BBN is a graphical representation of probabilistic dependency between variables based on the Bayesian 
theory of probability. BBNs have been extensively and effectively used for turbomachinery diagnostics, but 
have not yet been applied to fuel cell hybrid systems, making this application novel. 

Existing dynamic models of an emulator plant and a complete hybrid system were modified to simulate 
degradation of the turbomachinery, SOFC and sensors. A high amount of data was generated from the 
simulation results and then altered with noise to develop a more robust diagnosis system. A BBN designed to 
detect mass flow reduction and efficiency loss in the MGT showed its efficacy when tested on both the 
emulator and the hybrid system in steady-state conditions. Despite the higher complexity of the hybrid system, 
the results were more accurate when compared with the emulator diagnosis. The turbine status was predicted 
correctly 95% of the time, and the compressor status diagnosis accuracy was equal to 90%. The number of 
“false-positive” and “false-negative” cases, where a healthy condition was diagnosed as heavily degraded or 
vice versa, was negligible. 

Another BBN was developed to diagnose the status of SOFC and cathode inlet temperature sensor in the hybrid 
system. This BBN, which was trained and tested on steady state data, provided very accurate results; the status 
of both the SOFC and temperature sensor were predicted correctly 97% of the time. The BBN was tested also 
on two transient simulations, where a gradual degradation of the components occurred. The results had a good 
level of accuracy, even if that accuracy was lower than in the previous tests, proving that it could be possible 
to use a BBN to monitor the status of a hybrid system while the degradation is occurring. 

During the research activity performed during the time at MDH, BBNs have been a valuable tool for the 
diagnosis of SOFC – MGT hybrid system, providing the information necessary to avoid wrong control actions 
and extend the system service life. A scientific article detailing these research activities was written and 
submitted for the ASME Turbo Expo 2020 conference. The promising results obtained working at MDH have 
opened the way for many future activities such as real time diagnosis applications, development of more 
sophisticated BBN-based diagnostic systems, and integration of BBNs with a control system. I look forward 
to continuing, from Italy, my collaboration with the researchers at MDH to explore these innovative topics. 

During my stay in Västerås I not only had the chance to work on interesting topics, but also to meet wonderful 
people from all over the world, thanks to the international work environment present at MDH. Outside of work, 
I had the opportunity learn more about Swedish culture, history and food during my visits to multiple beautiful 
Swedish cities and stunning Swedish national parks. For all this, I want to thank the C.M. Lerici Foundation. 
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