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Abstract

Electrical practices for the entire power system industry are tremendously changing and these

progressions will mark an evolution of new concepts and strategies in the future, particularly

concerning planning and operation of the power systems. The renewable energy based distributed

generation is definitely taking a lead in the present and future power generation. Therefore, the

emphasis has increased on distributed generation (DG) networks with the integration of renewable

energy sources (RESs) into the grid. A distributed generation like solar (photovoltaic and solar

thermal), wind, biomass, and mini-hydro along with the use of fuel cells and microturbines will

contribute heavily to the electricity generation.

A microgrid (MG) is a small-scale power network designed for a low voltage distribution system

to provide supply for a small community/island. The major elements of MG would be DG

units, storage devices, different loads, and power converters for the operation and control of the

microgrid. The power generated in the MG is mainly based on the RESs. Two RESs, PV and

Wind are considered and modeled to form the MG and supply of quality power to the local

load is studied. The RES based power generation is not a constant source of the supply as the

power generated directly relies on the environmental conditions. The challenges observed are

maintaining output voltage and frequency constant. The present-day these MG based distribution

systems are facing a number of power quality problems, especially due to the use of sensitive

power electronic equipment. Some of PQ issues are voltage swells and sags, and low power

factor, requiring reactive power compensation. On the other hand, nonlinear loads with solid

state converters in the MG also draw reactive power component from the MG supply and create

harmonics in the voltages and currents. Hence, the power quality (PQ) issues occurring during

load and generation balance in MG are to be thoroughly investigated. A compensating device to

deal with all these PQ issues is to be established in the MG. The custom power devices (CPDs)

can operate in this direction and ensure to maintain the PQ norms.

With this motivation, the two custom power devices: Dynamic Voltage Restorer (DVR), Dis-

tributed Static Compensator (DSTATCOM) are considered in mitigating the problem of voltages

and currents occurring in MG.
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Initially, the DVR provides compensation for voltage issues in terms of magnitude. Further, it

is enriched by filtering feature to provide harmonic compensation as a series active filter. PI

and SRF theory based control techniques are considered to provide compensation for sag/swell

conditions during supply and load changes. However, in case of nonlinear loads, a novel control

technique based on IVTG approach is proposed to improve its performance in providing harmonic

compensation and compared with control techniques like PI, SRF theory. The performance of

the device is also analyzed for fault ride through by limiting the fault current to a safe value

under different symmetrical and unsymmetrical conditions in the MG.

In three-phase systems of the MG, unbalanced currents and excessive neutral currents are caused

due to different loads. To mitigate these current quality problems in MG, DSTATCOM that

contains a self-supported DC link is considered. DSTATCOM is further enhanced as a shunt

active power filter (shunt APF) to compensate harmonic currents. To provide RPC, different

control techniques such as IVTG and 3-phase p-q theory for shunt APF are applied and compared.

Further, a modified 3-phase (or) 1-phase p-q theory based control technique is proposed to

improve its performance in providing current harmonic compensation.

Subsequently, a single device that has the features of both series and shunt APFs to deal with

voltage and current quality problems simultaneously is recommended. The CPD, Unified power

quality conditioner (UPQC) constituting the combination of enhanced DVR and enhanced

DSTATCOM acting as the series and shunt APFs is proposed in this direction. The enhanced

DVR of UPQC deals with all voltage related issues whereas enhanced DSTATCOM takes care

of current related issues for critical and sensitive loads. An exhaustive analysis and design of

UPQC are presented in detail. In addition to the above, to validate the performance of the device

experimentally in MG, a small scale PV-Wind emulator is considered as MG into which the

designed UPQC is implemented. The performance of the device to mitigate voltage sag condition

is investigated. The UPQC has given satisfactory results.
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