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Abstract

Aiming at a sustainable energy production and at securing their energy supply, many countries are
about to transition from a fossil-dominated to a green energy mix encompassing sunlight, mechanical
energy and heat together with fossil and synthetic fuels. At the same time, the energy infrastructure is
evolving from a collection of independently built, isolated energy carrier networks towards
globally-integrated multi-energy systems. The integration of networks is clearly beneficial in view of
designing optimal sustainable energy systems, but their heavily interconnected nature makes them
vulnerable to cascading failures with potentially catastrophic consequences. This talk addresses the
grand challenges and presents the methodological developments necessary to guide the evolution of
energy infrastructure through vulnerability-based adaptation. They encompass (i) the development of
high-fidelity, efficient mathematical models for quantifying the risk of cascading failures across the
power infrastructure; (ii) investigating the trade-offs and optimal solutions in the energy trilemma for
active distribution networks; (iii) developing and validating early warning indicators of critical transitions
and fault diagnosis tools in complex dynamical systems; (iv) quantifying the cost of resilience in the
design of carbon capture, transport and storage supply chains. Aside from presenting recent
methodological developments, the future research challenges related to the engineering of resilient
energy networks are also discussed.
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