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Abstract: Fast pulsed electric fields have been recognised as an effective non-thermal technique for various 
applications, including food processing, biotechnology, and waste control. Among these technologies, Nanosecond-
Pulsed Electric Field (nsPEF) represents a next-generation advancement that addresses efficiency limitations 
associated with earlier microsecond PEF models. By reducing pulse durations to nanoseconds—approximately 1000 
times shorter than microsecond pulses —nsPEF enhances control over the nonlinear, time-varying, and complex 
behavior of high-voltage electric fields in various media such as water, juice, and milk. The number of pulses can be 
further optimised based on the electrochemical, biochemical, and bioelectric responses of the system, enabling 
tailored solutions for specific applications. Despite its potential, nsPEF technology faces significant challenges. One 
primary technical barrier is the lack of ultrafast switching technologies capable of generating high-voltage (10–100 
kV) pulses with bipolar modulation, adjustable power ratings, and precise parameter control. Recent advancements 
in power electronics, particularly in semiconductor devices and circuit topologies, offer promising pathways to 
overcome these challenges and expand the functionality of nsPEF systems. 
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