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Brief description of the Department 
and Research Group (including 
URL if applicable): 

The Computational Geosciences (CompGeo) research group at 
the Laboratory of Modeling and Scientific Computing (MOX) 
of the Department of Mathematics (compgeo.mox.polimi.it) 
has a long-standing experience in the development of 
mathematical, numerical and statistical models for the 
geosciences. With around 15 active researchers, it is one of the 
leading Italian groups in this field. It collaborates with 
numerous international groups (Delft, Stuttgart, Bergen, 
Hasselt, Munich, Oxford, MIT) and several industries as well 
as national research institutions. 
 

mailto:luca.formaggia@polimi.it
http://www1.mate.polimi.it/%7Eforma/
https://www.polimi.it/en/scientific-research/research-at-the-politecnico/departments/
https://www.polimi.it/en/scientific-research/research-at-the-politecnico/departments/
https://www.polimi.it/en/scientific-research/research-at-the-politecnico/departments/


 
 

 
 
 
 

 
 
Brief project description: 
(max 1 page) 

The challenges posed by the decarbonization and the search for 
renewable energy sources and storage systems are increasing 
the interest in understanding how the subsurface can be used 
for CO2 sequestration or the storage of thermal energy or 
hydrogen. Assessing the efficacy of an underground system, 
monitoring the process and avoid possible risks requires 
integrating knowledge of the physical processes, efficient 
numerical simulation tools and the integration of the available 
data. These objectives involve huge efforts and need the 
development of novel mathematical approaches. Physics-based 
models have historically played a fundamental role to inform 
and guide research in geosciences. Being directly related to 
physics, the variables of typical models are fields with strong 
spatio-temporal auto-correlation, with a multiscale structure. 
The ultimate aim of this project is attack subsurface modeling 
with the most advanced computational models that heavily 
leverage on the mathematical structure of the problem and of 
the solution. Computational efficiency and data fusion 
approaches will be investigated leveraging on reduced order 
models such as principal orthogonal decomposition reduced 
basis method. Machine learning algorithms will be considered, 
for their ability to represent, by learning from data, an input-
output relation even when the physics is too complex (or 
partially unknown) to be solved adequately by physics-based 
models. In our approach, the physics-based nature of the 
problems will be captured by reduced-order models. In such 
models, a base of solutions is created for a suitably selected set 
of problem configurations. The solution of a new configuration 
can be very efficiently evaluated as a (possibly nonlinear) 
combination of elements in that solution base. There is growing 
evidence that machine learning techniques can accelerate the 
process of assembling a new solution, and make it more 
accurate if data are available. Even though such approaches 
show great potential in accurately modeling physics with 
exceptional computational efficiency, their application to real 
problems is still at its infancy. We believe that this project is 
timely and provides scientific challenges for a young researcher 
in applied mathematics and scientific computing. Given the 
consolidated expertise of the research group on subsurface 
modeling for seismic, oil and gas and environmental 
applications, we plan to apply the proposed modeling approach 
focusing on the exploitation of geothermal energy resources, of 
which Italy is rich and which represents an important non-
hydrocarbon-based energy resource. 

 


