Energy Networks and Control Systems – Interplay of Architecture, Dynamics and
Computations
The area of energy processing, which includes power electronics, electric drives and power
systems, is at a crossroad. Its challenges are both external (contribution to climate change,
nonfunctional markets) and internal (inability to integrate renewable sources and efficient loads).
The promise of energy processing comes from a growing array of potentially transformative
technologies that currently exist in power electronics, distributed sensing, and cyber-physical
control systems. Other supporting technologies, such as battery storage and Internet of Things,
stand at the cusp of advancement that could radically change the long-standing assumptions
regarding feasible system architectures.
The first talk of the series will review available energy technologies, and outline salient features
of the existing energy systems. The second part will present a more personal view, and introduce
the dynamic phasor approach to modeling and analysis of transients in electric energy systems.
The approach has lately received a good deal of attention in the energy systems community.
Some recent extensions involving filter banks will also be presented. The third part will focus on
the concept of reactive power which is fundamental to all ac energy systems. We start by
reviewing well known facts about reactive power definition for single–phase single-frequency
circuits, and point out difficulties in unbalanced polyphase and multi-frequency systems. Next,
we present an approach based on geometric (Clifford) algebras that sheds new light on these old
problems, and allows for a unified treatment. We also review more recent developments of
“instantaneous” reactive power and propose dynamic phasors as a tool that systematically
extends steady-state concepts to transients. We plan to sprinkle the talk with historical facts and
connections with various areas of engineering and applied mathematics. The fourth and final talk
of the series is meant as a coda to the first one. It will outline desirable future developments in
energy systems with an emphasis on integration with water and other infrastructural systems and
on architectural aspects of distributed control in electric energy and power electronic systems.
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