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ABSTRACT

This work presents dual mode reconfigurable residential photovoltaic (PV)-battery energy
storage (BES) based microgrid for rural electrification. The proposed microgrids address the
problems related to the electrification of remote/ rural areas along with the systems/ loads that
are running on diesel generators and suffering from the outage of electricity. Both these
problems can be resolved by using renewable energy resources and storage to feed the remote
locations and to reduce the fuel consumptions and outage of electricity. Moreover, due to
protection reasons, conventional solar inverters are mandatory to shut down automatically at loss
of the grid. However, proposed multitasking residential microgrids are developed to provide
uninterrupted energy to consumer load even under outage of utility grid. It is also configured as
utility interactive inverters and islanding inverters.

The microgrids have renewable energy sources (wind, solar and small hydro etc.), which works
in synchronicity to the utility for bidirectional active power flow as well to supply the power to
local consumer loads. The dispatchability of the system should be enough to produce the power
when it is required by the consumers. However, in night time, the PV power is not available. In
order to achieve dispatchability of the microgrid, the energy storage devices are required.
Therefore, BES is an important part to make the microgrid dispatchable means under outage of
PV power and the utility, BES dispatches the energy to the loads. The PV array with BES is
integrated close to the consumers load rather than using long transmission lines for providing the
power to the consumers. Moreover, the microgrid becomes reliable when it is operated in
islanding mode by maintaining the voltage source converter (VSC) output voltage and frequency
with in the boundary under loss of utility grid. It is transferred to other operating mode under
recovery of the utility. In utility integrated mode, the load voltage and frequency are decided by
the utility. The VSC works as a power conditioner unit to supply the harmonics current as well as
reactive power required by the nonlinear loads. Moreover, the current technology of solar
inverter is not multi-functional also not able to provide uninterrupted power. However, in this
work, it improves the utilization factor of microgrid as it is capable of saving substantially capital
investment, and maintenance cost on behalf of multi-functional features. However, in islanding

mode, BES and PV array (depending upon the availability) must take care of loads.



The substantial power electronics converter based nonlinear loads are used in the domestic
applications, which have given rise to serious power quality problems such as poor power factor,
harmonics in grid current, neutral current, voltage distortion etc. in the distribution network. This
pollution in the grid, causes mal-operation of appliances, increased losses, reactive power burden
on the grid, and it also deteriorates the power factor. Therefore, fast and accurate control
algorithms are required to mitigate these load harmonics current.

This research work aims at the design, control and implementation of various single-phase and
three-phase for PV-BES microgrids. All the proposed microgrids are simulated in MATLAB
platform and the laboratory prototypes of them are developed to validate the topology, control
algorithms and developed simulation model. This research work mainly focuses on the grid
interactive PV-BES microgrids, which provides power to local emergency nonlinear load even
under outage of utility grid and PV generation. In order to deal with the problem of electricity
outage and power quality issues of distribution network, the various configurations of PV-BES
microgrids are developed in this work, which are classified based on their type of battery
connection, type of utility grid (single-phase or three-phase) and number of power conversion
stages (single-stage or two-stage). In case of two-stage PV-BES microgrids, the first stage is a
boost converter, which is used for MPPT and the second stage is a grid interactive VSC.
However, in single stage microgrid systems, the bidirectional converter is used to achieve
extraction of peak energy from the PV array as well control the charging/discharging of the
battery bank. In grid interactive mode, A PV feed-forward (PVFF) loop is incorporated in current
control for injection of active power to the utility grid as well as to improve the dynamic
behavior of the PV-BES microgrid. The three phase microgrids are further classified in three
phase three wire and three phase four wire configurations. The three phase four wire microgrids
are capable of performing neutral current mitigation along with functionaries furnished by three-
phase three-wire PV-BES microgrid. Therefore, the selection of type of micrgrid, depends on the
requirements of the consumers. The problem of utility outage is quite common in the rural areas.
Therefore, simple, autonomous and intelligent control techniques for grid interactive PV-BES
microgrid, are developed such that the PV-BES microgrid is capable of operating under outage

and recovery of utility grid and PV array and provides uninterrupted power to the end users.
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(a)-(c) Behavior of microgrid at disappearance of utility grid
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