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HBSTRACT

Fostered by the high controllability, speed, and power density of power electronics, future energy systems can be more agile in
actuation and more heterogeneous in form. In the ultimate energy system, the right energy is delivered to the right place at the
right time. However, conventional power-processing architectures remain inadequate for heterogeneous energy resources.
Moreover, the bandwidth of energy delivery is bottlenecked by the speed of power converters. In this talk, | will present my work
on addressing these challenges through new modeling, control, design, and results from hardware and simulations.

This talk follows two themes: (I) better power-processing architectures to equalize energy heterogeneity; (Il) better power-control
frameworks to accelerate energy delivery. In the first scheme, | will demonstrate a power-conversion architecture to repurpose
retired electric vehicle batteries for stationary energy storage. The statistical distributions of second-life battery characteristics are
mapped to a hierarchical partial-power-processing architecture; In several case studies, this architecture pushes the battery
utilization-power converter tradeoff and decreases the thermal management cost by a factor of two compared to its conventional
counterparts. In the second scheme, | will present two advances that overcome the speed limitations: (1) a sampled-data modeling
and control framework for variable frequency dc-dc converters; the converter based on this framework shows a fast transient
response that is within five switching cycles; (2) a control and design approach that guarantees the large-signal stability robustness
of current-mode dc-dc converters; the resulting converters can operate in the frequency that is an order of magnitude higher than
the existing current-mode dc-dc converters. These advances position power electronics to revolutionize what is possible for next-
generation energy systems in energy storage, renewable energy, computing, sensing, and beyond.
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