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ABSTRACT

This research work focuses on the development of a grid-interactive, multifunctional single-
phase PV-BES (Photovoltaic-Battery Energy Storage) system for residential and rooftop
applications. To enhance system reliability, configurations integrating battery energy storage
(BES) at the DC link are presented, both with and without a bidirectional converter. The
functionality of the microgrid in various operating modes is thoroughly discussed. A seamless
transition logic, combined with an islanding detection technique, enables smooth transitions
between off-grid and grid-interactive modes. In grid-interactive mode, the system effectively
provides power quality (PQ) solutions, including harmonics elimination, power factor
correction and reactive power compensation. In off-grid mode, the control objectives shift to
maintaining voltage and frequency regulation at the point of common coupling (PCC). The
primary goal of this system is to ensure uninterrupted power delivery to local critical loads,
even during grid outages.

The primary aim of integrating battery energy storage (BES) into the microgrid is to enhance
coordination with distributed generation, ensuring a reliable supply of electricity. By
integrating BES, the reliability of peak load management is improved, along with the power
quality of renewable energy production and the management of distributed and off-grid power
systems.

This research work also includes on the development of a grid-interactive multifunctional wind
energy generation system (WEGS), objective even during grid outages. Owing to the
complementary profiles of renewable sources like wind and solar, this work emphasizes the
development of a multifunctional microgrid employing a wind turbine based permanent magnet
brushless DC generator (PMBLDCG) and a solar photovoltaic (PV) array. The functionality of
the microgrid during various operating modes is discussed. A seamless transition logic,
combined with an islanding detection technique, is incorporated for transitioning between off-
grid and grid-interactive modes.

This study explores various topologies for parallel solar PV inverter-based microgrids, both
with and without BES, aimed at enhancing reliability and accessibility in remote areas. These
topologies consist of DG units, BES, and local loads, with each DG unit incorporating inverters
connected to a PV array through an output interfacing inductor and coupling lines linked in
parallel at the PCC. A microgrid is deemed efficient if it performs effectively in both standalone
and grid-tied modes, ensuring a smooth power transition. When a PV inverter operates in



islanding mode, the PV power should not exceed the load demand to maintain system stability.
However, this can lead to either wasted PV power or underutilization of available PV power.
To address this, additional solar panels are connected to other energy sources, such as batteries,
to create a parallel PV inverter-based system, making it feasible to effectively harness power
from each source.

The microgrid structures and control algorithms are used in microgrid and these are modelled
and simulated with MATLAB/Simulink toolbox. Following satisfactory simulation results, a
prototype microgrid incorporating a solar PV array, wind turbine driven PMBLDCG, and BES
is developed. Test performances of multiple parallel PV inverter-based microgrids are
validated on the RT-LAB platform using a real-time controller OP4510. The simulation and
testing results are presented under various challenging conditions, including variations in solar
insolation, loads, voltage distortion, and mode transition. Notably, the wind and solar power
systems track the maximum power point. Finally, performance of the microgrid in both off-
grid and grid-interactive modes, with seamless transitions between these modes, is

demonstrated in detail.

Vi
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FSVP Fixed Speed Variable Pitch

GF-EPLL General Filtering based Enhanced Phase Locked Loop
Gl Generalized Integrator

GTM Grid Tied Mode

HE Harmonic Extractor

HSC Hysteresis Switching Controller

HVCC Hybrid Voltage and Current Control

IAM Islanding Mode

IGBT Insulated Gate Bipolar Transistor

InC Incremental Conductance

ITOAI Improved Third-Order Adaptive Integrator

LMF Least Mean Fourth
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LMS
MACNE
MNSOGI
MCVF
MOGI
MPP
MPE
MADO
NDZ
PCC
PMBLDCG
P&O

PI

PLL

PQ

PV

PVI
QSG
RTDS
RES
ele
S&H
SOGlI
SOGI-QSG
SRFT
STS
THD
TF
TOGI
TSP
UPF
UPS

Least Mean Square

Multi Adaptive Circular Noise Estimation
Modified Novel Second Order Generalized Integrator
Modified Complex Variable Filter

Mixed Order Generalized Integrator
Maximum Power Point

Maximum Power Extraction

Multi Adaptive Disturbance Observer
Non-Detection Zones

Point of Common coupling

Permanent Magnet Brushless DC Synchronous Generator
Perturb and observe

Proportional Integral

Phase Locked Loop

Power Quality

Photovoltaic

Photovoltaic Inverter

Quadrature Signal Generator

Real Time Digital Simulator

Renewable Energy Source

State of Charge

Sample and Hold

Second Order Generalized Integrator
Second Order Generalized Integrator with Quadrature Signal Generator
Synchronous Reference Frame Theory
Static Transition Switch

Total Harmonic Distortion

Transfer Function

Third Order Generalized Integrator

Tip Speed Ratio

Unity Power Factor

Uninterruptible Power Supply
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VCM
VSVP
VSC
VSFP
WEGS
WT
ZCD

Voltage Control Mode

Variable Speed Variable Pitch
Voltage Source Converter
Variable Speed Fixed Pitch
Wind Energy Generation System
Wind Turbine

Zero Crossing Detector
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Alp
APw
Alwr
AVwr
APpy
AVpy
Alpy
AO

fy
Tgmin, fgmax
G

Imp
liceT
ldc

lpv

Isc

lwr

Iwa
Ivscmax
Iy

*

lo

LIST OF SYMBOLS

Overloading factor

Blade pitch angle

Battery ageing factor

optimum power coefficient

DC link capacitor

power coefficient

Ripple filter capacitance

Duty cycle of the bidirectional converter
Duty cycle of the boost converter
Ripple in the grid current

Minimum ripple in the battery

Change in wind power

Change in wind turbine current

Change in wind turbine voltage

Change in PV power

Ripple in the PV voltage,

Ripple in the PV current,

Phase angle error between the phase angle of grid and load voltage
Grid Frequency

Minimum and maximum AC side frequency
Solar Insolation

Maximum PV Current

Current rating of IGBT devices

DC link current

PV Current

Short circuit current

Rectifier wind current

Stator phase ‘a’ current

Maximum VSC current

Battery current

Reference battery current
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Ic

|vd, |vq
isa, isﬁ
I

laL, IpL
iaLs, iBLs
|drg , |drg
lid, lLq
IpvFr
IwTrr

I Loss

Ko, K1, Kz and K3
Lic

Lo

L+

m

Np_pv

Ns_pv

Ppv

PL

Pegr
Pw
Rt
Rb
SsTs
Svf

VSC current

VSC current in DQ frame

Reference grid current in af-reference frame
Load currents

Load current in af-reference frame
Reference load current in af-reference frame
Reference grid current in DC frame
Reference load current in DC frame

PV Feedforward term

Wind Feedforward term

DC loss component

Active fundamental component of load current
Net reference grid current

Reference grid current

Equivalent moment of inertia

Derating Factor

Internal gain parameters in GL-EPLL

Boost converter inductor

bidirectional converter inductor

Interfacing Inductor

Modulation Index

Number of parallel solar PV panels

Number of series solar PV panels

PV power

VSC power

Grid power

Constant grid power

Wind power

Ripple filter Resistance

Turbine blade radius

Synchronization signal

Safety factor for calculating voltage rating of IGBT devices
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Sit

Te

.

Vdem

Upg, Upg
Vieer
Ve

Vev

Voc

Ver

Vg

Vog, Vpg
V4, Vq
Vi

Vimin, Vimax
VL

Vid, Vig
Vi, V'ig
Vi

Aopt

Safety factor for calculating current rating of IGBT devices
Temperature correction factor

Solar temperature

Minimum DC link voltage

In-phase and quadrature phase unit templates
Voltage rating of IGBT devices

DC link voltage

PV voltage

Open circuit voltage

Reference DC link voltage

Grid voltage

Grid voltage in afp-reference frame

Grid voltage in DQ frame

Magnitude of grid voltage

Minimum and maximum AC grid voltage
Load voltage

Load voltage in ap-reference frame
Reference load voltage in afp-reference frame
Terminal voltage

Rectifier wind voltage

Stator phase ‘a’ voltage

Nominal value of grid frequency

grid frequency

Grid status signal

Phase angle of grid voltage

Phase angle of load voltage

Tip speed ratio
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