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Research Background

 High-fidelity hardware-in-the-loop 
(HIL) testbed that allows not only 
dynamic stability validation but also 
extended-time testing

o Transient response of voltage 
and frequency (100μs ~ 1ms)

o AC power (> 1s)

o Energy storage dynamics, such 
as SOC and DC voltage (> 1s)

o Master control logic (> 1s)

30kVA Commercial 
Microgrid Facility

Parameters and control logics 
are extremely difficult to get
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Background for Power Flow Control in Islanded 
Microgrids

 Main challenges: battery physical limits
o Battery DC voltage
o Battery SOC
o Battery output power

 State-of-the-Art Approaches (Centralized or Decentralized)
o Pay little attention to battery DC voltage
o Use to control charging power during high SOC state
o Consider no three-stage charging mechanism
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Frequency-Based Power Flow Control Design

PV System Converter Control Battery Inverter Secondary-Level Control

 PV curtailment corresponding to frequency

 Smooth mode switching between MPPT and 
frequency-based curtailment

 Frequency dictated by battery voltage and 
battery maximum charging power
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Real-Time Simulation Results

 Frequency-based three-stage charging control in islanded microgrid

 Avoid battery overvoltage on DC side

 Smooth mode transition with variable load consumption and PV generation

Irradiance increase Load switching
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 Proposes a microgrid power flow control that

o Coordinates power flow among solar system, energy storage system, diesel 
generator and load

o Integrates battery management system that consider battery power, voltage 
and SOC constraints as well as three-phase charging mechanism

o Maintains stability under different operating conditions (cloud cover, load 
disturbance, etc.)

 To augment the control scheme for scale-up microgrids (including multiple 
solar/energy storage/diesel generators)

o Local control interactions

o Supervisory control logic

o Battery management coordination
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