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As acknowledged by the leaders of all the nations in Copenhagen Accord, the greatest

threat that the humanity faces at present is the increasing emission of greenhouse
gases. Researches have revealed that almost 45% of the domestic CO2 emissions results
from the electricity which is generated from the natural resources. Now with the steady
depletion of these conventional energy resources and the alarming uprise of global
warming, the only way to save our future is to go green. So any research leading a step
forward in this direction is not just another scientific venture, but an endeavor to
ensure our existence and survival with a better future for our next generation. The
research work presented in this thesis is an earnest effort to serve as a milestone in
making a common household immune to the shortage of natural energy resources by
efficiently utilizing sustainable energy sources - solar and wind, available in their own
backyard. Hence naming the motto as “Energy from your home, to your home”.

The research work of this thesis presents very efficient wind and solar energy
conversion systems driven by novel control algorithms specially developed for fast and
accurate tracking under varying environment with minimal sensor and hardware
requirements. The main focus of this research is the maximum energy extraction
because the energy yield from a renewable source highly depends upon the operating
point of that source. Hence, specially in a home-scale renewable energy system, it is
mandatory to perform maximum power point tracking (MPPT) in order to maximize
the efficiency of the renewable energy system as well as to minimize the payback
period, i.e. the time when the cost of the installed system gets equalized by the worth of
the energy produced. Therefore the MPPT in wind and solar energy system is the main
theme of this research work.

— 397 —



Chapter 1 of this thesis explains the background of the research work by first going
through a brief overview of the various research areas corresponding to the
development of renewable energy conversion systems. The perspective is with respect
to the electrical system's engineering point of view and therefore mechanical and
metallurgical aspects of energy capturing devices are beyond the scope. The section at
the end elaborates upon the precise motivation of this research work and formally
defines the research aims.

Chapter 2 introduces the fundamentals and concepts involved in a wind energy
conversion system (WECS). It is a brief but concise introduction of the physics,
terminologies and the technologies involved in wind energy systems. The concept of
MPPT in WECS has been particularly introduced with sufficient detail. It overviews
the different WECS classified according to the structure of wind turbine as well as the
speed of generator. Lastly it presents the drive train modeling technique for deriving
the dynamic simulation models of WECS.

Chapter 3 explains the important phenomena related to PV energy generation. It
starts off with the mathematical modeling of a PV cell which is the basic building block
of a PV energy generation system. The most important part of this chapter is the
concept of MPPT in PV. Also the phenomenon of partial shading which is of paramount
importance in PV energy system has been covered in this chapter.

Chapter 4 is on the maximum power point tracking (MPPT) of wind energy conversion
system (WECS), which is the heart of this research work. First a very comprehensive
review and critical analysis of the research papers published till date on MPPT in
WECS is carried out. Such a review is unique in itself because so far there is no
publication detailing such an insightful and up to date review of research papers. The
drawbacks and limitations of the existing techniques as pointed out in this review, are
necessary to be understood in order to appreciate the novelty and effectiveness of the
new MPPT algorithm developed in this research. The proposed novel algorithm has
been shown to be free from the shortcomings and drawbacks of the reviewed techniques.
It offers one complete solution with all the desirable attributes, naming: 1) it does not
use any system specific equations or pre —recorded data, 2) it does not need any
mechanical sensor, 3) it intelligently adapts the step size for the fast tracking and as
the operating point converges to maximum, the step size automatically reduces to zero
— hence keeping the maximum control efficiency without any compromise on the
tracking speed, 4) despite the sharp wind changes, the algorithm can drive the system
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towards the maxima, 5) it has a self-tuning capability to cope with the inconsistent
efficiencies and parameter changes in the system.

The basic principle of the novel MPPT algorithm for WECS can be briefly explained via
Fig. 1. Fig. 1(a) shows the typical power curves of a wind turbine. The loci of maximum
power points (MPP) exhibits a cubic curve characterized by a unique constant kop. The
proposed algorithm first determines this constant online with a novel peak detection
technique and then uses this constant for future perturbation by calculating the
distance of the current operating point from the cubic optimal curve. The perturbation
size and direction, both are adjusted according to the distance vector of the operating
point from the optimal curve as shown in Fig. 1(b).
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Fig. 1. Principle of the Novel MPPT algorithm

As shown with the experimental data in this chapter, this optimal cubic curve is not
unique for output electrical power where it changes with the change in wind or load.
The proposed algorithm has the capability to cope up with this change via self-tuning.

Also the very attractive feature of this algorithm is its sensorless nature. A very simple
and smart scheme has been devised to make the algorithm free from mechanical
sensors 1.e. the wind sensor and generator speed sensor. Wind change is detected from
the abrupt variations in the generator speed. Whereas the generator speed 1s estimated
by taking into account the cyclic nature of the generator phase current whose
frequency (and hence the number of zero crossings) is directly proportional to the speed
of the generator. In contrast with the existing speed-sensorless techniques which
require generator model or observer and therefore is applicable to only the machine it
is developed for, the sensorless scheme devised here is absolutely generic and can be

applied to a wide class of WECS as it does not require any system modelling.
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Chapter 5 1s on the MPPT in PV energy systems. It details the research work
performed to achieve a very efficient maximum power point tracking (MPPT) controller
which is not only the fastest than the existing techniques but also can cope with the
multiple peaks that can occur in the system due to partial shading or module
mismatching. First this chapter presents a critical analysis of the existing techniques
published till date on MPPT in PV. Four criteria have been defined for the review which
not only form a clear comparison of the existing techniques but also layout the
motivation for an improved algorithm. These four review criteria are: 1) system
independence of the technique, 2) time lapse to global MPP, 3) sense of tracking
direction, 4) complexity of the controller hardware. The review clearly shows that so far
there is no technique which possesses all the desirable features like no extra switches,
absolutely generic and very simple control, correct sense of tracking direction and fast
self tuning capability under the environment changes. Hence an improved very fast,
efficient and self-tuning MPPT controller is proposed for PV energy system in this
research. The main feature of the proposed algorithm is the One Step Control which
directly adjusts the duty ratio of the MPPT controller such that the system reaches the
maximum or close in just a single step. Then in order to cope with the non-concavity of
the system which may happen due to the pértial shading, the controller scans for the
global maximum about the local maximum. At the end of the scanning process the
controller tracks the global maxima and seizes the further control action until a
deviation 1s detected due to environmental or load change. When such change is
detected then the algorithm retunes itself for the new maximum. Hence it offers one
complete solution where the other techniques fall short.

Chapter 6 concludes this dissertation with a summary of the research work.
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