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Significant advances have been made in recent years to achieve low and medium voltage interconnection 
between utility and customers through wide bandgap power devices, innovative converter topologies, 
and controls. The integration of power electronic converters, local renewable generation, load, and/or 
storage is currently finding widespread applications in microgrids, electric ships, electric vehicle fast 
chargers, large scale data centers, and commercial/industrial buildings bringing the benefits of high 
efficiency, power quality, flexibility, stability, and reliability. Use of electronic loads such as electric 
vehicles, consumer electronics, and computing are also on the rise. Power electronics is the key 
technology that connects modern customers with utility by enabling distributed generation, microgrids 
and the integration of electronic loads. FREEDM systems Center have been pioneering many of the 
developments though its FREEDM concept which provides an architecture for a future electric power 
distribution system. The FREEDM concept envisions the “Energy Internet,” a system that enables flexible 
energy sharing for consumers in a residential distribution system. One of the core technologies for the 
FREEDM system is the power electronics based solid-state transformer (SST). The SST behave like a smart 
transformer with the advantage of power flow control, reactive power compensation capability, and 
potential fault current limitation. Additionally, to achieve high performance in networked power 
electronics systems, controls play a key role where they are implemented in a hierarchical manner starting 
from local power converter controls to primary to secondary, and to tertiary levels. The control challenges 
are immense both due to interaction among the power electronics converters and the intermittency of 
the renewables. The demand and desire is to make these intelligent power electronic converters plug-
and-play type, and in a network, the control algorithms at different levels are to provide for automated 
and robust power, energy and fault management. The future customer is expected to interact with the 
provider or utility based on economic, social, environmental and security considerations.             

This talk will present the modern power electronics based power distribution system addressing system 
architecture, stability issues, primary and secondary controls, grid synchronization techniques, and results 
aimed at demonstrating the FREEDM concept. 
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