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Chapter 1, INTRODUCTION, presents the main objectives and the structure of the paper 
depending on the concerns it addresses. Environmental pollution and the desire to fight this 
aspect of today's world are at the heart of the author's motivation for choosing this subject. The 
opportunity to research it arose due to the increased use of renewable energy sources for the 
production of eco-friendly electricity, resulting in the reduction of environmental pollution. 
However, the expansion of these types of energy sources is hampered by the costs involved and 
the lower performance of these sources compared to established energy sources. Thus, it 
becomes extremely necessary to develop new solutions to increase their competitiveness. 

The main objectives proposed in this paper are: 
- Forming a critical analysis of renewable energies to electricity conversion systems. 
- Identifying the mathematical models of the main components found in these energy 

conversion systems in order to develop control structures for them. 
- Forming a critical analysis on the control of renewable energy conversion systems. 
- Developing control structures aimed at maximizing the power produced by these 

sources (PV, wind turbines, hydro turbines). 
- Analyzing the means of integrating renewable energy conversion systems in the 

energy grid through microgrid systems. 
The thesis is a synthesis of the author's achievements during her doctoral research 

program. Some of her accomplishments have already been published: 10 papers published in 
ISI indexed conference volumes and 7 papers published in non-indexed international 
conference volumes. 

The paper was structured in 7 chapters, 208 pages, comprising 145 figures, 35 tables, and 
having as inspiration 200 bibliographical references. 

 
Chapter 2, STATE OF THE ART OF RENEWABLE ENERGY CONVERSION 

SYSTEMS AND THEIR INTEGRATION INTO THE MAIN GRID, begins with a 
bibliographic study on the use of unconventional energy sources, such as wind energy, hydro 
energy and solar energy. Wind energy conversion requires wind turbines, their features being 
presented in detail in this chapter. Hydro energy conversion has also been discussed 
highlighting hydrokinetic turbines, a type of hydro turbine that have gained popularity recently. 
Solar energy conversion is done mainly through either photovoltaic panels or concentrators, PV 
panels being the overall preference due to the fact that they convert solar energy directly into 
electricity. 

The chapter continues with an overview of the primary means of integrating renewable 



 

energy conversion systems as well as microgrids into the main grid. It presents an analysis of 
the state of the art in renewable energy conversion systems based on source type (wind, sun, 
water). 

A description of the advancements in microgrid architecture and functionality 
highlighting features such as adaptability, flexibility, scalability and efficiency is also provided. 

 
Chapter 3, MODELING THE COMPONENTS OF RENEWABLE ENERGY 

CONVERSION SYSTEMS, deals with issues regarding the modeling of the main components 
of renewable energy conversion systems, namely turbines (wind turbines and hydrokinetic 
turbines), generators (synchronous generators and permanent magnets) and PV panels, models 
being developed for each of the aforementioned components. 

The turbine behavior is expressed by the aerodynamic model and the mechanical model, 
both of which are necessary to describe the static and dynamic regimes of the process of 
converting wind / water energy into rotational energy. The aerodynamic model is more complex 
requiring a larger volume of calculations that cannot be completed in the time required to 
implement real-time control algorithms. Therefore, it is necessary to find equivalent 
relationships that involve as few calculations as possible, which are easier to implement on DSP 
or microcontroller control systems. Relationships in the form of polynomial regressions have 
been developed to approximate the torque or power coefficient. The relationships with the best 
quality indicators were chosen.  

The PMSG behavior is also described through a dynamic and a mechanical model. The 
mechanical model is similar to that of turbines, the difference being the inclusion of the friction 
factor, which is neglected in the case of turbines. The dynamic model is attained by using the 
Park transformation from the abc reference system to the dq0 reference system, with the 
purpose of deriving a model with a simpler form. 

In the case of the PV panels, an extended variant of the one-diode model is used, namely 
the five-parameter model, a model with good performance, acceptable accuracy and relatively 
low complexity. Relationships have also been developed to approximate the values of specific 
panel parameters, relationships that can be used directly in the synthesis of control strategies. 

The simulations were performed using MATLAB / Simulink and LabVIEW. The 
LabVIEW simulation was used to design the software part of a real-time Hardware-In-the-Loop 
(HIL) emulator based on NI equipment, which is described in detail in Chapter 6. 

The results obtained in this chapter also serve as a basis for the implementation and testing 
of control strategies for renewable energy conversion systems. 

 
Chapter 4, MODELING AND SIMULATION OF DC-DC CONVERTERS, deals with 

issues regarding the modeling and identification of DC-DC converters, namely Buck, Boost 
and Buck-Boost converters. Different models have been developed for all three converters. The 
most informative models regarding converter characteristics are those resulting from classical 
state-space modeling, but these models (MM-ISI-SISO and MM-ISI-MIMO) may be nonlinear 
(both types of models in the case of Boost converters and Buck-Boost are nonlinear), and 
require linearization. In order to simplify the procedure of obtaining a linear model, the author 
has contrived a method which involves analyzing the configuration in which the converter is 
used (source-side converter - SSC and load-side converter - LSC) in order to obtain simplified 
linear models. Another option would be to model the load-connected converter by an equivalent 
resistor, but this model no longer preserves the essential dynamics of the system, it being more 
suited for estimating the current delivered by the generator. The proposed simplified models 
(MM-ISI-SSC and MM-ISI-LSC) have the advantage of retaining the essential features of the 
system dynamics. These models are directly usable in implementing and testing control 
strategies, as demonstrated in Chapter 5. 

Another problem that may arise is the insufficient knowledge of the parameters of the 



 

converter components (for example, the resistance value of the coil RL or the capacitor RC are 
not usually provided by the manufacturers). The solution is to experimentally identify them. 
Two methods of identifying the Buck converter model were tested, these being the graphic-
analytic method and an original regression method, based on the analytical expression of the 
step input response using MATLAB’s CFtool. The original method was validated by laboratory 
tests performed on a Buck converter and by comparison with the graphic-analytic method. 

Both methods can only be used if resistance RC is negligible. Otherwise, the analytical 
model of the converter is too complex to be identified by either method, but the hypothesis that 
is generally accepted in the literature is that the value of RC is small enough to be neglected. 
The method chosen to identify the models was the regression method because it proved to be 
more accurate and more efficient. However, the parameters of the identified models (transfer 
functions) depend on the value of the load resistance. In order to obtain a general model that 
can be used regardless of the value of the load, the dependencies of the previously identified 
parameters α and ω on the value of the load were determined through the use of regression 
methods. In order that the resulting models be more suitable to be used in control algorithms, 
only regression functions with a lower degree of complexity, such as power and exponential 
functions with one or two terms and polynomial functions with orders less than or equal to 5, 
were sought. In these conditions, the results obtained for the regression function ω(RS) were 
not satisfactory, however, since the transfer function can be rewritten according to parameters 
ξ and ωn, an attempt was made to determine the dependencies between these parameters and 
RS. The quality indicator values obtained for ξ(RS) and ωn(RS) were satisfactory. 

 
Chapter 5, CONTROL OF RENEWABLE ENERGY CONVERSION SYSTEMS, 

consists of designing, implementing and validating control structures based on maximum power 
point tracking (MPPT). The main objective pursued in MPPT control strategies is to obtain 
maximum power in any mode of operation. This increases the efficiency of the renewable 
energy conversion system while maintaining electricity quality. 

Control strategies aimed at extracting maximum power generally involve a two-level 
control structure: at the inferior level, basic converter currents and voltages are regulated 
(output voltage, output current or input current), and at the superior level, the MPPT algorithm 
operates, providing references for the lower level control structure (voltage or current 
reference). There are exceptions to this rule: MPPT algorithms that do not require the existence 
of a lower level regulator, the algorithms themselves providing the value of the duty cycle for 
the converter. These algorithms are generally based on classical online methods such as: perturb 
and observe, incremental conductance etc. 

The first part of this chapter is dedicated to converter control. Designing the control 
algorithms of Buck and Boost converters was significantly simplified through the use of the 
simplified models based on the configuration in which the converter is used (SSC -  4.3.52 și 
LSC – 4.3.67, 4.3.78), developed by the author in Chapter 4. There are huge differences 
between the required control structures when the configuration is changed: in the case of the 
load-side converter (LSC) - state control is used, and in the case of the source-side converter 
(SSC) - output regulation is used. These control strategies were selected based on information 
obtained from the simplified converter models. The resulting control systems were used as a 
basis for implementing MPPT control strategies. 

The second part of this chapter is dedicated to MPPT control of PV panels and turbines 
(wind and hydrokinetic). 

Three original MPPT algorithms were developed for PV panels: one based on a search 
table (L), one P&O algorithm with variable perturbation based on fuzzy logic (FL) and one 
based on polynomial regression (R). The L algorithm is based on a classic offline method, the 
FL algorithm is based on a hybrid P&O-Fuzzy Logic method, and the R algorithm is based on 
an optimization method. The algorithms were implemented in a photovoltaic energy conversion 



 

system consisting of a PV panel, a Buck-Boost converter and a resistive load. The performances 
of the three algorithms were analyzed by comparison with a classical P&O algorithm with 
constant perturbation. These methods were chosen because they present affordable 
implementation costs. 

In the light of the results obtained from the comparison, the performances of hybrid MPPT 
methods compared to the classical methods were analyzed: 

• hybrid methods have the potential to find the right MPP voltage in a shorter time than 
online methods, but in a longer time than offline methods; 

• hybrid methods can provide better accuracy than offline methods, but cannot eliminate 
oscillations around MPP; 

• hybrid methods have higher implementation costs than individual methods. 
Hybrid methods combine the characteristics of both online and offline methods, but their 

widespread use is hindered by high implementation costs. 
Regarding the turbines, MPPT algorithms can be classified according to the operating 

region into three categories: 
• Algorithms that operate in region 2, also called the partial load region, where the wind 

speed is below the nominal value, the objective being to maximize the turbine output power. 
• Algorithms operating in region 3, where the wind speed is higher than the nominal value, 

so the captured power must be limited to ensure the safe operation of the turbine. 
• Hybrid algorithms, which use a combination of the above techniques. 
An MPPT algorithm used to adjust the angle of attack of the blades of a hydrokinetic 

turbine using fuzzy logic has been developed. This algorithm works in region 3, where the 
control structure is basically an overspeed protection and requires the simultaneous existence 
of a region 2 control structure.  

 
Chapter 6, INTEGRATION OF RENEWABLE ENERGY SOURCES INTO ENERGY 

SYSTEMS, deals with the issue of connecting renewable energy conversion systems to the 
main grid. Solutions were implemented on experimental stands within a microgrid laboratory 
(at UPT). 

In order to emulate the operation of a wind turbine in laboratory conditions, an 
experimental stand, which is the HIL simulator, was created. The use of a HIL simulator as a 
turbine is a satisfactory solution, its advantages being: 

- flexibility: a multitude of wind turbines can be tested without investment in wind tunnels 
and real turbines, leading to the possibility of rapid prototyping for WECS systems; 

- universality: the possibility of testing different control systems, power converters, 
energy storage elements, electrical charges, etc.; 

- generality: the use of the simulator structure can be extended to other energy conversion 
systems (hydro, sea currents, sea waves, etc.). 

The limitations of the HIL simulator are related to the limitations of the physical 
equipment, namely the simulator can be used for turbines of different powers, but it is necessary 
to adapt to the power of the drive motor. Another problem would be the relatively low efficiency 
of the conversion system. This is due to the MPPT algorithm built into the inverter which is not 
customized for the turbine model with which it operates. Therefore, in order to be able to test 
various turbines in optimal operating conditions, it is necessary to update the MPPT algorithm 
each time the turbine model is changed, a time-consuming and resource-intensive process. This 
simulator is the author's contribution to the microgrid laboratory in which it is incorporated. 

The microgrid reconfigurable laboratory incorporates two types of renewable energy 
sources (PV panels and the HIL emulator for wind turbines), a storage system consisting of 
supercapacitors and batteries, two DC buses, as well as a connection to the national energy 
network. The composition, architecture, functionality and control of the implemented DC 
microgrid are presented in detail. 



 

 
Chapter 7, FINAL CONCLUSIONS AND CONTRIBUTIONS. DEVELOPMENT 

PERSPECTIVES, highlights the conclusions of the thesis, the original contributions of the 
author and possible future research directions. The results of this thesis consist of the following 
original contributions: 

• Carrying out a comparative analyzes between the simulation results of the 
wind turbine, the hydrokinetic turbine and the PMSG generator in Matlab / 
Simulink and LabVIEW respectively; 

• Determining the power coefficient of the HKT hydrokinetic turbine by using 
regression methods; 

• Developing a PV panel model; 
• Determining a MPP voltage estimating relationship at as a function of 

temperature at constant irradiation; 
• Determining a MPP voltage estimating relationship as a function of irradiation 

at constant temperature; 
• Determining a maximum power estimating relationship as a function of 

irradiation at constant temperature; 
• Elaborating a critical analysis of the switching converters models (Buck, Boost 

and Buck-Boost) existent in the literature, with highlighting their essential 
particularities; 

• Classifying converters according to the configuration in which they can be 
used in a microgrid; 

• Developing of simplified linear models (1st order) for Boost and Buck-Boost 
converters, directly usable in designing control strategies. 

• Developing of an original method for identifying an ET-PT2 based on 
approximating the experimentally determined step input response through a 
regression function and applying of the method to the identification of the 
Buck converter model; 

• Performing a comparative analysis between the proposed regression method 
and the graphic-analytic method; 

• Determining the dependencies between the identified parameters of the model 
(α, ω, ξ and ωn) and the value of the load, as well as a parameterized converter 
model as a function of the load; 

• Developing and testing of control structures for Buck and Boost converters 
depending on the configuration in which the converters are used in a 
microgrid; 

• Developing and testing MPPT control algorithms for PV panels using 
regression methods, fuzzy logic and lookup tables; 

• Performing a comparative analysis between the proposed MPPT algorithms 
and a standard P&O algorithm; 

• Performing a critical comparative analysis of MPPT methods for WECS; 
• Developing and testing of a blade angle control algorithm for HKT; 
• Implementing the software part of a Hardware-in-the-Loop emulator; 
• Gathering experimental data on the operation of a microgrid with two 

renewable sources (wind turbine and PV) with decentralized control; 
• Implementing a data acquisition application in the LabVIEW programming 

environment for WECS1 based on the MVC technique; 
• Implementing two remote WECS1 monitoring applications using different  

technologies (Remote Panels and RFC); 
• Use ActiveX technology for remote video monitoring. 

 



 

The problems presented, as well as the results obtained after solving them, give this paper 
a character of practical applicability, opening new perspectives in the research in the field of 
renewable energy conversion. 
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