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ABSTRACT

This research work deals with design and implementation of wind energy based
microgrid using power electronics converters with or without other energy sources e.g.
solar and diesel. The machine used as a wind energy generator is the doubly fed induction
generator (DFIG). With intelligent control, the microgrid is able to provide a quality
power to the consumers for all type of loads. Some of the power quality issues faced by
the consumer fed from a microgrid are unbalanced load, harmonics, sag and swell of
voltage etc. The wind and solar energy sources need to be operated at maximum power
point tracking (MPPT).

Various control algorithms are implemented for satisfactory performance of these
microgrids under steady state and dynamic conditions. These control algorithms provide
voltage regulation, harmonics and unbalanced currents compensation as well as MPPT.
The control algorithm through PE converters also helps to meet the unpredictable and
varying load demand with the help of battery energy storage. The MPPT used for wind
energy generator is tip speed ratio (TSR), hill climb search (HCS) and adaptation
methods.

Multi-source microgrid increases the reliability as well as reduces battery storage
requirements. Multi-source generation also reduces rating of electrical and power
electronics components. This work also presents the sizing criteria of the components
used in the system. In case of wind and solar based power generation, the control has
been presented so as both the sources operate at MPPT. The MPPT of the solar PV power
generation is realised using perturb and observe (P&O) and incremental conductance

(INC) approaches.
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Multi-source generation involving wind-diesel microgrid, the pooling of power from
both sources is done in AC side. With the help of the control algorithm, voltage profile is
maintained at disconnection and re-connection of wind energy generator is achieved.
Control algorithms have been presented so as all the electrical parameters remain within
requirements of applicable standards.

Another important function of the microgrid is its synchronization and de-
synchronization to the utility grid. Control apporaches are presented for seamless
connection to the microgrid, in case of availability of the grid. Vice-versa, in case of
sudden outage of the grid, the control algorithm continues to provide the power within
the requirement of applicable standards.

Microgrids comprising of various configuration are presented, which are capable for
provide voltage and frequency control in all operating mode. The satisfactory
performances of these microgrids are demonstrated with simulation results obtained using
developed models in MATLAB/Simulink and their validation is done with experimental

results obtained on the developed prototypes in the laboratory.
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