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ABSTRACT

With the advancement in semiconductor electronics, there has been increasing use of sophis-
ticated power electronic systems such as switched mode power supplies (SMPS), adjustable
speed drives (ASDs), etc. The main advantage of these systems are that they are energy
efficient. However, as they contain switching devices, they draw nonlinear currents which
can cause distortion in the voltage at the point of common coupling. Moreover, these loads
are highly sensitive to fluctuations in voltage at point of common coupling (PCC). Another
major trend in recent years is the increasing focus on use of renewable energy system par-
ticularly solar photovoltaic systems. Hence, the major requirement of modern distribution
systems is deployment of multi-functional devices which can integrate distribution generation
along with power quality improvement.

This research work focuses on the design, control and implementation of solar PV array
and battery integrated UPQC for use in modern distribution systems. Detailed design,
simulation analysis and experimental validation are done for various configuration of PV-
UPQC and PV-B-UPQC. Various topologies of PV-UPQC and PV-B-UPQC are designed
and its performances analyzed in detail.

Single phase PV-UPQC systems are designed and its performances are analyzed in detail.
These systems are an ideal solution for small household rooftop systems where it can protect
senstive loads from PCC voltage sags/swells as well as inject power from PV array into
grid and also compensate for load current quality issues. Three phase three wire and Three
phase four wire PV-UPQC systems are designed and its performance under various dynamic
conditions such as PCC voltage sags/swells, irradiation variation and load unbalancing etc
are analyzed. For both single phase and three phase PV-UPQC systems, both single stage
and double stage PV-UPQC systems are designed and analyzed in detail.

Different configurations of PV-B-UPQC systems for both single phase and three phase
distribution systems are designed and analyzed. The presence of battery energy storage
enables these systems to operate in standalone mode when the grid is not available and can
operate in grid connected mode when there is grid available. Improved control logics were
developed for automated transition from grid connected to standalone mode and vice versa.

Novel control techniques have been developed for improved control of PV-UPQC and

vil



PV-B-UPQC. Extensive analysis has been done on the performance of the system through
Matlab-Simulink software. The simulated performance of PV-UPQC systems and PV-B-
UPQC systems were validated experimentally on laboratory prototype. The major focus
of this research work has been on designing and developing PV-UPQC systems and PV-
B-UPQC systems for compensating power quality issues and integrate solar energy under
application scenarios such as for small household rooftops systems as well as for rooftop

systems of large commercial buildings etc.
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