ABSTRACT

The energy transition towards a sustainable, resilient, and decentralized model increasingly
demands integrated and intelligent management of multi-vector energy networks (electricity,
gas, heat, hydrogen). In this context, Digital Twins (DTs) are emerging as crucial enabling digital
technologies. A Digital Twin is a dynamic and interactive digital replica of a physical asset,
system, or process, capable of integrating real-time data, physical models, and artificial
intelligence algorithms to support monitoring, simulation, forecasting, and operational
optimization. In the energy sector, DTs enable more efficient, predictive, and resilient
infrastructure management by facilitating the integration of renewable energy sources,
balancing supply and demand, supporting investment planning, and enabling predictive
maintenance. When applied to multi-vector systems, DTs enhance interoperability among
heterogeneous networks and enable the coordination of different energy carriers, improving
overall system efficiency and reducing emissions. This contribution presents the case studies
of the RomeTecnopole and NEST projects that developed two corresponding DTs oriented
towards the design and operational optimization of renewable energy-powered electrical
networks and multi-sector energy systems, respectively.



