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ABSTRACT

Power utilities must improve planning and operation of integrated distribution and transmission networks (D&TN) to meet
environmental targets affordably, amid workforce shortages and delays in procuring the tools needed for observability,
controllability, regulatory evidence, and innovation.

Traditional D&TN simulations treat distribution networks (DN) as passive, using static load models even in dynamic studies.
Modern Active Distribution Networks (ADNs), with embedded generation and storage, enable bidirectional power flow and
dynamic D&TN interactions. Today, transmission and distribution networks are still modelled and operated separately on different
software and datasets, though data-exchange standardisation efforts are growing. Digital twins offer a promising route to
managing integrated power systems securely and efficiently, but major technical and operational hurdles remain before
widespread adoption.

The approach in this presentation, once developed, could significantly reshape planning and operation of integrated systems—
beyond just electricity—accelerating a faster, more reliable, secure, resilient, and affordable transition to net-zero power
networks. It aims to ensure secure, stable, and economic operation of integrated energy systems (IES) while avoiding excessive
data exchange (limited by data volumes, latency, security, and standardisation gaps) and the high computational, modelling,
infrastructure, human resource, and security costs typical of purely data-driven digital twin approaches.
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