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ABSTRACT 

‘Microgrids’ are small, semi-autonomous areas of the electrical power network 
which combine embedded generation, energy storage and ‘intelligent’ control with 
conventional loads. Control concepts for Microgrids are still at an early stage of 
development and little experimentally verified research has been published to date. 
The key to operating a Microgrid is the control of the energy storage unit, which 
must balance mismatches between loads and micro-sources when the Microgrid 
operates autonomously. The energy storage unit should also facilitate islanding 
from, and reconnection to, the main grid, with minimal disturbance. This paper 
discusses the limitations of existing control strategies. The paper presents a unified 
controller concept for energy unit storage units, one that encompasses grid con-
nected, islanded, islanding and resynchronisation control, for Microgrids incorpo-
rating micro-sources which may use non-power electronic interfaces. This control-
ler is validated in simulation and on a hardware test-platform. The test Microgrid 
system consists of a 4MJ energy storage flywheel unit with a 20kW power rating, 
along with a 22kW Motor-Generator set representing the micro-source generation 
and a 12kW load bank. Islanded and grid connection is shown, as is islanding and 
grid synchronisation with minimal voltage distortion. Simulation and experimental 
results show excellent agreement. 


