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Geothermal energy, a clean, continuously available and sustainable energy source, will help boost

the current renewable energy supply and, simultaneously, reduce the dominant contribution of

fossil fuels to the total energy supply in Italy [1]. Efficient exploitation of this resource, however,

requires a characterization of the subsurface region, through integration of multi-parameter

datasets, to mitigate the risks of drilling unsuccessful geothermal wells.

The InGEO project (Innovation in GEOthermal resources and reserves potential assessment
for the decarbonization of power/thermal sectors, www.ingeo.cnr.it) seeks to develop an

innovative exploration workflow integrating geological, geophysical and petrophysical datasets. It

focuses on the northern sector of the Northern Apennine buried-structures belonging to the

Romagna and Ferrara Folds (RFF), where a thermal anomaly attributable to deep fluid circulation

within the deep-seated Mesozoic carbonate sequences, was identified [2].

With an ongoing study focusing on the reconstruction of a 3D geological model of the RFF region

[3], this study develops the research by jointly interpreting previous geophysical datasets [4-5]

geographically constrained within the RFF region. The novelty consists on the application of a

machine learning algorithm for jointly re-interpreting geophysical datasets. The similarities among

the geophysical datasets within the RFF are classified by applying the Fuzzy c-means method,

which uses the Euclidean distance measure. The findings include the 3D spatial distribution of

derived classes and are validated with the 3D geological model of the RFF [3] and laboratory data

obtained on rock samples analyses [6].

The resulting 3D geophysical model contributes to the delineation and constraint of shallow and

deep structural features within the RFF. This information will be used as input parameters for the

development of a thermal model and the implementation of an open-source and web-based GIS

tool that will assess the deep geothermal resource potential for both hydrothermal resources and

closed-loop deep heat exchangers solutions in Italy, but with potential to extend the approach in

different geological contexts. The workflow of InGEO project will be used as a decision support



system for developing geothermal projects in Italy.

InGEO is a PRIN 2022 PNRR Project and has received funding from the European Union, Next

Generation EU.

References

[1] International Energy Agency (IEA) Italy 2023 Energy Policy Review.

https://www.iea.org/reports/italy-2023

[2] Pasquale et al., 2013. Evidence for thermal convection in the deep carbonate aquifer of the

eastern sector of the Po Plain, Italy. Tectonophysics 594, 1-12.

[3] Cortassa et al., 2024. Integrated geological modelling for assessing geothermal potential in the

Romagna and Ferrara Folds (Italy). 43° National Conference GNGTS, Bologna, 11-14 February 2025.

[4] Nouibat et al., 2023. Ambient-noise wave-equation tomography of the Alps and Ligurian-

Provence basin. J. Geophys. Res., 128, e2023JB026776.

[5] Zahorec, et al., 2021. The first pan-Alpine surface-gravity database, a modern compilation that

crosses frontiers, Earth Syst. Sci. Data, 13, 2165–2209.

[6] Slupski et al., 2025. The importance of measuring thermal and acoustic properties on rock

analogues in geothermal potential assessment studies: the example of Northern Apennines

Triassic carbonate platform and underlying basement rock. 43° National Conference GNGTS,

Bologna, 11-14 February 2025.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

