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The Department of Chemistry, Materials, and Chemical Engineering 
"Giulio Natta" joins together different skills to identify safe, cost-
effective, and sustainable solutions to current challenges in multi-
disciplinary fields such as environment, renewable resources, energy, 
industrial processes and health. The CFALab laboratory  
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rather a mix of theoretical, modelling and experimental competences 
aimed at developing competitive, safe and sustainable technologies 
from an environmental point of view. 
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Energy management is at the core of our society for transport, 
heating, cooling, and electric energy generation in industrial 
and civil applications. In recent years the necessity to impose 
environmental constraints on the by-products of energy 
utilization has emerged in order to safeguard health and prevent 
global warming. This is leading to a re-thinking of the way 
energy is used, which entails a profound transformation of 
human society. The aim of this project is to generate 
knowledge and provide tools that may help in the transition to 
an environmentally aware and sustainable use of energy. 
This be pursued through the development of a suite of 
computational tools that, given the chemical structure of a 
candidate fuel that may be alternative to existing polluting 
fuels, can predict its combustion characteristics. This way it 
will be possible to predict whether a specific synthetic fuel 
satisfies the necessary technological and environmental 
specifications before venturing in its production or synthesis. 
To reach these goals it will be necessary to develop an 
automatized generation protocol of the necessary key 
parameters: the chemical kinetic mechanism and the related 
thermochemical parameters.  
The conceptual basis of this proposal is that the automatic 
generation of kinetic mechanisms from first principles is 
nowadays possible thanks to the significant progress that has 
been made in the last years in the scientific literature in the 
development and refinement of computational tools for the 
exploration of potential energy surfaces, the generation from 
scratch of kinetic mechanisms, and for the automatic 
determination of rate constants. The supervisor of this proposal 
has contributed significantly to important advancements in 
most of these research subjects and is therefore well positioned 
to bring these new possibilities to full maturity and exploit 
them for a practical application (1-4). The perspective of 
coupling these tools with artificial intelligence algorithms is 
likely to make the possibility of generating new kinetic 
mechanism a reality in the very next years. 
Building on the software that is already available (1,4), the 
proposal should tackle one or more of the items below: 
- automatization of the generation of a list of reactions that 

can be used to describe the combustion of a specific fuel; 
- massive application of rate constant estimation algorithms 

to reaction classes and interpretation of computational 
results by means of Machine Learning; 

- simulation of specific reaction systems of interest for 
fostering the transition to an environmentally aware and 
sustainable use of energy. 

 


