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SUMMARY 

of scientific publications with the participation of Assoc. Prof. Dr. Zahari Zarkov 
presented for participation in  competition for academic position "professor" in the 

professional field 5.2. Electrical Engineering, Electronics and Automation,  
specialty “Electric Machines”, announced in State Gazette issue 93/26.11.2019 

 

For the participation in the competition are presented 78 scentific publications of the applicant, 
which include: 

• for the fulfilment of Group B indicators as equivalent to monograph, are presented 
11 articles indexed in SCOPUS; 

•  for the fulfilment of Group D indicators are presented 8 publications, indexed in 
SCOPUS (one of which has SJR by ScimagoJR), and 40 publications in non-refereed 
scientific peer-reviewed journals; 

• for the fulfilment of Group H indicators are presented 2 articles published in journals 
that have SJR by SCOPUS; 

• there are also 5 articles that have been accepted for publication, not included in 
Group D points; 

• 2 recognized patents; 
• 1 university textbook; 
• 1 university learning manual. 

Of the scientific publications, 17 are in Bulgarian and 57 are in English. They have been 
published in international and Bulgarian scientific journals and periodicals, as well as in collections 
of scientific papers in foreign, international, national and university scientific forums. 

International scientific papers have been published in international publications (Material 
Science Forum, Springer) and in proceedings of international scientific conferences - International 
Power Electronics and Motion Control Conference EPE-PEMC 2010, 2012, 2016, Conférence 
Electrotechnique du Future «EF 2009», 7ème COlloque FRancophone en Energie, Environnement, 
Economie et Thermodynamique - COFRET'14, held in Ohrid, Novi Sad, Varna, Grenoble and Paris. 

Articles have also been published in proceedings of international conferences in Bulgaria, 
such as International Conference on Electrical Machines, Drives and Power Systems ELMA, 
International Symposium on Electrical Apparatus and Technologies SIELA, Challenges in Higher 
Education & Research in the 21st Century, Colloque francophone sur l’énergie – environnement – 
économie et thermodynamique COFRET 2012. 

In Bulgaria, articles have been published in the scientific journals Ecological Engineering 
and Environment Protection EEEP, Electrotehnica & Electronica E+E. 

The rest are in periodicals of high schools. 
Some of the articles were reported at conferences and then printed in journals, but they are 

only once entered the list of papers. 
The applicant is a co-author of two recognized patents. 
The participation of the applicant in 3 international and 12 national projects has been 

documented, with 3 of them being the project manager.  
Reference is made to a total of 63 citations of the candidate's scientific papers. 
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Group В4. [MT1] Summary and contributions in submitted publications, equivalent 
to monograph work under the general title "Systems for generation and conversion of 
electric energy from renewable energy sources" 

As an equivalent to monograph work, 11 articles are presented, which are indexed in 
SCOPUS. 

  
[М1] Zarkov, Z., B. Demirkov. Power Control of PMSG for Wind Turbine Using Maximum 

Torque per Ampere Strategy. 15-th International Conference on Electrical Machines, Drives 
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 292-297. doi: 
10.1109/ELMA.2017.7955451 (SCOPUS).  

The article presents a study of power management strategies for 2MW wind energy 
conversion system (WECS) consisting of a wind turbine, permanent magnet synchronous generator 
(PMSG) and electronic converter. The work focuses on the control of the generator in the area of 
operation of the turbine with variable speed. A combination of an algorithm for maximum power 
point tracking of the turbine (MPPT) and a strategy for controlling the power of the generator with 
maximum torque per ampere (MTPA) is used. The mathematical models used for the turbine, 
MPPT, generator, converter, as well as an algorithm for determining the optimal references for 
generator currents in the dq coordinate system for the implementation of MTPA are presented. The 
operation of the generator was compared with application of MTPA and ZDAC (Zero d-axis 
Control), and it was shown that the electrical losses in the machine are reduced when operating with 
MTPA. The results of simulations under different operating conditions of the system are presented, 
which are determined by predefined wind speed profiles over time. 

 
[М2] Demirkov, B., Z. Zarkov. Study of Two MPPT Methods for High Inertia Wind Turbine with 

Direct Driven PMSG. 2018 20th International Symposium on Electrical Apparatus and 
Technologies (SIELA), Bourgas, 2018, doi: 10.1109/SIELA.2018.8447164 (SCOPUS). 

The article presents a study of methods for maximum power point tracking (MPPT) of a 
high inertia wind turbine. Mathematical and simulation models of two of the most commonly used 
MPPT methods are developed - with optimum tip speed ratio (TSR) and with optimum torque 
control (OTC). A complete model of WECS is developed including  turbine, PMSG, electronic 
back-to-back converter connected to a power grid. The main focus of the paper is the study and 
comparison of the operation of the two MPPT methods, when combined with a generator control 
strategy for maximum torque per ampere and the inclusion of the entire energy conversion chain. 
The results of simulations under different operating conditions of the system with given profiles of 
wind speed variation are presented: for the study of dynamics with stepped changes and realistic 
for the study of energy production. 

 
[М3] Demirkov, B., Z. Zarkov. Study of physical model of WECS with synchronous generator 

and back-to-back converter. 2019 16th Conference on Electrical Machines, Drives and Power 
Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771656 
(SCOPUS). 

A physical model designed to simulate the operation of a wind power conversion system 
with a synchronous generator is presented. The stand includes: a wind turbine emulator with DC 
motor and electronic converter; synchronous generator with electromagnetic excitation; two 
transistor three-phase converters connected via DC line (back-to-back structure); sensors and 
electronic circuits for converter control; dSPACE D1104 microprocessor control and data 



3 

acquisition system. Real-time power control programs for WECS are, including an MPPT 
algorithm, maximum torque per ampere strategy for generator power control, and a vector control 
for grid-connected converter. The results of experimental studies have been obtained that confirm 
the adequacy of the developed algorithms and control models that are applicable to WIEC with 
synchronous generators. 

 
[М4] Zarkov, Z., I. Bachev, L. Stoyanov, V. Lazarov. A Study of Parallel Structures of DC-DC 

Converters for Application in Wind Energy Conversion Systems. 2016 IEEE International 
Power Electronics and Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna, 
Bulgaria, pp.32-37. 10.1109/EPEPEMC.2016.7751970 (SCOPUS). 

The presented work studies and compares different parallel DC-DC converters with 
common input and output voltages. The topologies selected are suitable for variable speed wind 
energy conversion systems. Circuits of boost converter, non-inverting buck-boost converter and 
SEPICs (Single-Ended Primary Inductor Converter) are investigated. Parallel structures consist of 
two identical converters with common input and output voltages and PWM interleaved control. 
Based on the detailed mathematical models proposed, simulation models are developed in the 
Matlab/Simscape environment. Simulations are performed to obtain the current and voltage 
wafforms at different points of the converters. The maximum voltages of the transistors and diodes 
in the converters are compared. The RMS values of the currents in the most important elements of 
the circuits are calculated and comparisons and conclusions drawn. 

 
[М5] Zarkov, Z., V. Lazarov, I. Bachev and L. Stoyanov. Theoretical and Experimental Study of 

Interleaved Non-Inverting Buck-Boost Converter for RES. 2018 International Conference on 
High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi: 
10.1109/HiTech.2018.8566632 (SCOPUS). 

The article is devoted to the theoretical and experimental study of a parallel non-inverting 
buck-boost converter (NIBBC) designed for use in RES systems. A detailed mathematical model 
in the state space is proposed. A simulation model is developed. Simulations are carried out and 
results are shown for the forms of currents and voltages at different points in the circuit under 
different operating modes. The behavior of the scheme in the presence of a difference in the duty 
ratio of the control pulses of the two converters is investigated. A laboratory model of the converter 
and control is created, with which experimental studies are carried out. The results show that the 
tested parallel converter can successfully operate at a wide range of input and output voltages. This 
makes the NIBBC particularly suitable for low-power (up to several kilowatts) WECS applications 
where it is necessary to adapt the generator output to different loads. 

 
[М6] Zarkov, Z., I. Bachev, V. Lazarov. Small Wind Generator System with Non-Inverting Buck-

Boost Converter and Battery Storage. 15-th International Conference on Electrical Machines, 
Drives and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 298-303. doi: 
10.1109/ELMA.2017.7955452 (SCOPUS).  

This article examines low-power WECS consisting of: wind turbine, permanent magnet 
electric generator, DC-DC converter, battery and autonomous load. The electric generator is 
modified by the authors car alternator whose excitation coil is replaced by a rare earth magnet 
(NeFeB). An MPPT algorithm is included in the system, which regulates the power of the turbine 
by controlling the load current of the generator. This is achieved by controlling the input current of 
the DC-DC converter. Mathematical and simulation models of the system are developed. 
Simulations are performed for four different battery voltages and change in the wind speed to show 
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that power control algorithms provide good performance and good dynamic behavior. The results 
provide a basis for optimum choice of voltage and battery capacity, as well as for selecting or 
designing a suitable generator for a given wind turbine and output voltage. 

 
[М7] Stoyanov, L., Z. Zarkov, I. Draganovska and V. Lazarov. Methods for Energy Production 

Estimation from Photovoltaic Plants: Review and Application. 2018 International Conference 
on High Technology for Sustainable Development (HiTech), Sofia, 2018, pp. 1-5. doi: 
10.1109/HiTech.2018.8566638 (SCOPUS). 

The article reviews and summarizes the main known methods for assessing the power and 
performance of photovoltaic (PV) power plants - physical, statistical and hybrid. The main purpose 
of this review is to select an approach and to develop an appropriate model for estimating the power 
output of an existing PV plant with amorphous silicon panels. The experimental system is a 
photovoltaic plant, installed near Oryahovo village, Haskovo district, with a total installed capacity 
of 1.31MW. The Durisch model is chosen because it gives good results with different types of PV 
panels. In addition, the model is suitable for predicting the performance of PV panels for future 
periods based on meteorological data. The calculations with the developed model for amorphous 
silicon panels are performed using real time and plant information. The model is tested by 
calculating the power output of the plant for days with different meteorological conditions and 
comparing the results with the actual measured power under the same conditions. 

 
[М8] Zarkov, Z., L. Stoyanov, V. Milenov, H. Voynova, V. Lazarov. Modeling of PV Generators 

from Different Technologies – Case Study. 2016 IEEE International Power Electronics and 
Motion Control Conference (PEMC), 25-30 Sept. 2016, Varna, Bulgaria, pp. 419-424, doi: 
10.1109/EPEPEMC.2016.7752034 (SCOPUS). 

The article presents a theoretical and experimental study of photovoltaic generators with 
five different types of panels that are connected by single-phase inverters to the power grid. All 
generators have almost the same power and are installed in the same place in Sofia. Efficiency of 
photovoltaic modules is calculated by the Durisch model, using two approaches - with and without 
taking into account the air mass. It is proven that the influence of air mass in the model can be 
neglected and the error remains acceptable. Based on the results of the study, conclusions are drawn 
about the performance of the various PV panels under actual meteorological conditions. A model 
of single-phase inverter for grid connection is developed, which calculates the efficiency by the 
input power of the inverter. The output power of a PV generator consisting of panels and an inverter 
is made using the combination of panel and inverter models. A comparison of the results obtained 
with the experimental data shows a very good agreement. 

 
[М9] Stoyanov, L., I. Draganovska, G. Notton, Z. Zarkov, V. Lazarov. Modelling PV Panels: Case 

Study of Oryahovo, Bulgaria. 15-th International Conference on Electrical Machines, Drives 
and Power Systems (ELMA), 1-3 June 2017, Sofia, Bulgaria, pp. 91-95. doi: 
10.1109/ELMA.2017.7955408 (SCOPUS). 

The purpose of this study is to develop an adequate model that calculates the efficiency and 
the output power of a string consisting of 4 thin-film silicon PV modules under different climatic 
conditions. This string is part of a large PV plant consisting of 820 such strings. The total maximum 
power of one string is 1600Wp. The study is based on the Durisch model and uses data collected 
by the SCADA system from a real photovoltaic plant. Efficiency of the PV system and the power 
generated are calculated with the original Durisch model and with a modified model developed by 
the authors. Solar radiation in the plane of the panels and the temperature of the panels, as well as 
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the empirical coefficients for the approximation of the efficiency curve, are used as input. The 
theoretical results for the output power are compared with experimental data. The comparison 
shows that the influence of the air mass taken into account in the original model can be neglected 
without a significant loss of accuracy. 

 
[М10] Milenov, V., Z. Zarkov, B. Demirkov, I. Bachev. Modeling of electrical characteristics of 

various PV panels. 2019 16th Conference on Electrical Machines, Drives and Power Systems, 
ELMA 2019,  6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771692 
(SCOPUS). 

The article presents a mathematical and simulation model for calculating the voltage-current 
characteristics of PV panels and PV generators at a given solar radiation and cell temperature. The 
model is applied to PV panels of five different types, which are manufactured using different 
technologies and materials. An approach is developed to determine the efficiency of PV panels 
under arbitrary operating conditions (solar radiation and cell temperature) based on the model of 
voltage-current characteristics. Computational results are presented for the current-voltage 
characteristics of PV panels of five different types under different operating conditions, which are 
compared with experimental data and very good matches are obtained. 

 
[М11] Zarkov, Z. Application of dSPACE Platform in the study of electric generators with RES. 

2018 20th International Symposium on Electrical Apparatus and Technologies (SIELA), 
Bourgas, 2018, doi: 10.1109/SIELA.2018.8446654 (SCOPUS). 

The article presents the possibilities of application of the dSPACE microprocessor platform 
for the study of renewable energy generators. The platform consists of hardware and software that 
allow easy and fast programming and testing of user control and simulation programs. One very 
important option is the integration with Matlab/Simulink RTI, which allows rapid prototyping of 
the control algorithms developed in Simulink. The author presents his experience with the dSPACE 
modules DS1104 and DS1103, which are used in the Laboratory of Renewable Energy Sources 
(Electrical Aspects) at the Faculty of Electrical Engineering at the Technical University of Sofia. 
The dSPACE platform is mainly applicable to the control of electronic converters for electricity 
produced by RES. The results prove that the platform is very useful for quickly testing and 
implementing control algorithms developed in Matlab/Simulink. In addition, the hardware and 
software provided enable real-time data acquisition, which reduces the need for additional 
measuring equipment. 

 

Group Г7. Scientific publications in editions that are referenced and indexed in world-
renowned scientific information databases (SCOPUS) 

Г1. Lazarov, V., D. Roye, Z. Zarkov, D. Spirov. Analysis of DC converters for wind 
generators. Proceedings of the XVI International Symposium on Electrical Apparatus and 
Technologies SIELA2009, Vol. 2, 4–6 June 2009, Bourgas, Bulgaria, 2009, pp. 157-164 
(SJR=0.1, 2010).  

The article presents a model a diode rectifier and  DC/DC boost converter working in 
conjunction with synchronous generator. The system is intended for use in a variable speed wind 
generator. The models are developed in Malab/Simulink and PSPICE environments. The modeled 
converters have been fabricated and an experimental study has been carried out. Comparisons 
between the results of simulations and experiments are shown and a very good match is found 
between them. The currents and voltages of the synchronous generator and electronic converter 
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under different operating modes are simulated. The losses in the converter are estimated depending 
on the load. An experimental measurement of the losses in the generator during operation with a 
diode rectifier and when working with an active load was carried out, and the decrease in the 
efficiency was estimated. 

 
Г2. Lazarov, V., D. Roye, D. Spirov and Z. Zarkov. New Control Strategy for Variable Speed 

Wind Turbine with DC-DC converters. Proceedings of 14th International Power 
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010, 
Ohrid, Macedonia, pp. T12-120-T12-124. doi: 10.1109/EPEPEMC.2010.5606570 

The subject of this article is the study of behavior of a variable speed wind turbine 
configuration including permanent magnet synchronous generator, diode rectifier, non-inverting 
buck-boost converter, and a load. A simulation model of the entire system is developed, with the 
main focus being on the modeling of the DC/DC converter and the controller for the power of the 
generator. The authors defined two types of control: maximum power point tracking (MPPT) of the 
turbine and control for operation with limited power using only a certain percentage of the available 
wind energy. Models of MPPT controller using perturb and observe method and of the limited 
power point controller are developed. Results of simulations with the developed models under 
different operating conditions with variable wind speed are presented. The results show the good 
performance and correct behavior of the controllers in both operating modes - with MPPT and with 
limited power. The method is applicable for the operation of wind turbines in the presence of over-
production of electricity. 

 
Г3. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Study of control strategies for variable speed 

wind turbine under limited power conditions. Proceedings of 14th International Power 
Electronics and Motion Control Conference EPE-PEMC 2010, 6-8 September 2010, 
Ohrid, Macedonia, pp. T12-125-T12-130. doi: 10.1109/EPEPEMC.2010.5606574. 

The article presents a study of a wind energy conversion system (WECS) consisting of:  
variable speed wind turbine, permanent magnet synchronous generator, diode rectifier, boost 
DC/DC converter and a load. Control of the electronic converter for operation with constant output 
power at variable wind speed is defined. A MPPT controller and a constant power controller based 
on fuzzy logic are developed. Results of simulations with variable wind speed are presented. The 
results show the good performance and proper behavior of the system in both modes of operation - 
with MPPT and when operating at constant power. The method is applicable for the operation of 
wind turbines in the presence of over-production of electricity. 

 
Г4. Lazarov, V., Z. Zarkov, L. Stoyanov, G. Notton. Wind turbine with doubly fed induction 

generator operating at limited power point. 2012 15th International Power Electronics and 
Motion Control Conference (EPE/PEMC), Novi Sad, Serbia, 2012, pp. DS2d.2-1-DS2d.2-
7. doi: 10.1109/EPEPEMC.2012.6397304 

The article presents a study of WECS consisting of a variable-speed wind turbine and 
doubly-fed induction generator (DFIG) with electronic converters in the rotor circuit. A simulation 
model of the entire system in the Matlab/Simulink environment is developed. Two methods of 
power control are defined: MPPT – with maximum power of the turbine using predefined wind 
power curves and control for operation with limited power using only a certain percentage of the 
available wind energy. Results of simulations under different operating conditions with variable 
wind speed are presented. The results show the good performance and proper behavior of the 



7 

controllers in both MPPT and limited power modes. The method is applicable for the operation of 
wind turbines in the presence of over-production of electricity. 

 
Г5. Stoyanov, L., Z. Zarkov, V. Lazarov, I. Bachev, B. Demirkov, G. Notton, A. Damian. 

Hybrid System Sizing using per unit Approach - Application to Bulgaria, France and 
Romania. 2018 20th International Symposium on Electrical Apparatus and Technologies 
(SIELA), Bourgas, 2018, doi: 10.1109/SIELA.2018.8447072 

The article presents the implementation of an approach for sizing a hybrid grid system with 
photovoltaic and wind generators for different sites located in Bulgaria, France and Romania. The 
approach is based on the use of per unit system for the power generated and the energy produced. 
Weather data for a given location are used as input values. For each country, a specific load schedule 
is used that takes into account the specificities of the countries. The annual energy balance is used 
as a criterion for determining the configuration of the hybrid system. The results show that for the 
sites under consideration in Bulgaria and France it is possible to create a balanced hybrid system 
with photovoltaic and wind generators, while for the selected location in Romania it is impossible 
with these combinations of generators and loads due to insufficient primary energy potential. 

 
Г6. Zarkov, Z., V. Lazarov, P. Rizov, L. Stoyanov, E. Popov. An approach for modeling the 

electronic converter-motor system for electric vehicles. 2019 16th Conference on Electrical 
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria, 
doi:10.1109/ELMA.2019.8771484 

This article presents a comprehensive approach for modeling and simulating a propulsion 
system incorporating an inverter and a permanent magnet synchronous motor (PMSM) for use in 
electric vehicles. The motor is analyzed by the finite element method (FEM) using a two-
dimensional model. Motor parameters (synchronous inductances and permanent magnet flux) are 
determined based on the results of the FEM analysis. A complete simulation model in 
Matlab/Simulink is developed to study the complete drive system, which also includes the converter 
control system and controller for the torque and speed of the motor. The motor is controlled by 
application of maximum torque per ampere  (MTPA) strategy in the first zone up to the base speed 
and with maximum torque at constant voltage and constant current in the second zone. The 
simulation calculates the characteristics of the motor in two modes of operation - as a synchronous 
motor (with sinusoidal currents) and as a BLDC motor (with rectangular currents). Based on the 
results it is concluded that the use of the motor as a PSDM is a better choice because of the higher 
torque, the wider range of high speeds and the much lower torque ripples. 

 
Г7. Stoyanov, L., V. Lazarov, Z. Zarkov, E. Popov. Influence of skin effect on stator windings 

resistance of AC machines for electric drives. 2019 16th Conference on Electrical 
Machines, Drives and Power Systems, ELMA 2019, 6-8 June 2019, Varna, Bulgaria, 
doi:10.1109/ELMA.2019.8771551 

The paper presents a study of the skin effect on the stator winding resistance of AC machines 
designed for electric vehicles. The aim of the study is to evaluate theoretically the influence of the 
machine design on the field coefficient, which influences the active resistance of the coil. The 
methods for calculating the field coefficient are reviewed and compared and the appropriate method 
is selected. The influence of different winding parameters and frequency of current on the field 
coefficient is investigated. The results of the study show that it is necessary to find a compromise 
between the low values of the field coefficient and the low height of the elementary conductors. 
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The influence of circulating currents is estimated using the original formula and the authors' 
hypothesis for considering the effect of frequency on circulating currents. The results show some 
guidance on the design of the windings of electric car machines and need experimental verification, 
which will be the subject of further studies. 

 
Г8. Lazarov, V., Z. Zarkov, I. Bachev. Determination of the synchronous inductances of a claw 

pole alternator. 2019 16th Conference on Electrical Machines, Drives and Power Systems, 
ELMA 2019, 6-8 June 2019, Varna, Bulgaria, doi:10.1109/ELMA.2019.8771543 

The article is devoted to the determination of synchronous inductances of generators with 
claw poles. Different methods are used for this purpose: 3D finite element analysis (FEM); 
analytical determination of inductances using an equivalent magnetic circuit; experimental study. 
The study is performed on two types of machines: alternator with claw poles with excitation coil 
and modified alternator with claw poles with rare earth magnets. A physical and analytical 
explanation of the differences in synchronous inductances in the two generators studied is proposed. 
The comparison between calculated and experimentally obtained values shows that all the methods 
used give comparable results. The synchronous inductance values obtained from the various tests 
are to be close, with differences not exceeding 15%. This proves the correctness of the theoretical 
approaches used and the results obtained. 

 
Group Г8. Scientific publications in non-indexed journals with peer reviewing and 
collective editions  

 
Г9. Lazarov,V., Z. Zarkov, H. Kanchev. Grid-connected single-phase inverter for renewable 

energy sources. Proceedings of the Technical University – Sofia, vol. 59, book 2, 2009, 
pp. 122-130. ISSN 1311-0829 

The article is devoted to the study of a single-phase inverter for grid connection of  
generators using RES. The principles of energy exchange between the inverter and the grid and for 
matching the input and output power in order to maintain the energy balance of the system are 
justified. A computer model of the inverter is developed that allows the operation with variable 
input power by changing the output current of the inverter. The model includes the inverter power 
section, PWM, DC voltage controller, output current controller, PLL based grid synchronization 
module. The results of the simulations are presented, which demonstrate the adequacy of the model 
and its performance when changing input power. A real-time program for the dSPACE 
microprocessor system is, with which experimental studies are conducted. The results of the 
simulations and experiments prove the physical adequacy of the model and allow its use as an 
element in RES generation systems. 

 
Г10. François, B., V. Lazarov, G. Notton, L. Stoyanov, Z. Zarkov, H. Kanchev. Energy flows 

management of a hybrid system with renewable energy generators.  Proceedings of the 
Technical University – Sofia, vol. 59, book 2, 2009, pp. 112-121. ISSN 1311-0829 

The article presents an overview of the problems involved in providing an uninterrupted 
power supply to an autonomous system that includes renewable energy sources (RES). 
Technologies that can be used to compensate the fluctuations in energy produced by renewable 
energy are presented. Given the volatile nature of RES power, various strategies for managing 
generators and energy storage devices in an autonomous system are discussed. The management of 
energy flows in a hybrid energy system, according to the mode of operation and the availability of 
primary resources, requires the solving of complex tasks for optimization and technical and 
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economic analysis. Experimental results have been presented to show that with properly calculated 
generator capacities and selective switching off of some loads, stable operation of the hybrid system 
can be achieved. An important aspect that requires further research is the ability to switch from 
offline to grid connectivity. 

 
Г11. Lazarov, V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of 

squirrel cage induction generator. Proceedings of the Technical University – Sofia, vol. 59, 
book 2, 2009, pp. 84-93. ISSN 1311-0829 

The article presents the implementation of a model of induction  machine with squirrel cage 
rotor in Matlab/Simulink. The machine model according to the general theory of electric machines 
is presented. From both systems of equations modeling the electromagnetic processes in an 
induction machine, a model is derived in the state space with currents as state variables. A motion 
equation is added to this system, which makes the model of the induction machine complete. To 
test the model, data from a 1.5kW machine are used. Various simulations are carried out to prove 
the correct and stable operation of the model. The following scenarios are simulated: calculation of 
mechanical characteristic, abrupt change of operating mode (from motor to generator), stepwise and 
gradual change of the mechanical torque, as well as simulation with wind turbine. Comparisons of 
different quantities obtained in a simulation and experimentally are presented. Given the 
assumptions made in the model, the comparison shows satisfactory accuracy. 

 
Г12. Lazarov,V., L. Stoyanov, K. Bundeva, Z. Zarkov, D. Spirov. Modeling and simulation of 

wound rotor induction generator. Proceedings of the Technical University – Sofia, vol. 59, 
book 2, 2009, pp. 94-102. ISSN 1311-0829 

The article presents the modeling of an induction machine with a wound rotor. A circuit 
with connected active resistances in the rotor circuit of the machine is being considered. A model 
in a synchronously rotating coordinate system in state space with currents as state variables is 
developed. The equation of motion is added to this system. Two simulations are presented to 
confirm the correct and stable operation of the model - a stepwise change in the input mechanical 
torque and a simulation with wind turbine. Comparison is made of stator and rotor values from 
simulations and from experiments on two experimental sets with different machines - with power 
of 1.5 kW and 6 kW. Satisfactory accuracy of the fit between the theoretical and experimental 
results is obtained. 

 
Г13. Lazarov, V., D. Spirov, Z. Zarkov, L. Stoyanov. Modeling and simulation of synchronous 

generator. Proceedings of the Technical University – Sofia, vol. 59, book 2, 2009, pp. 103-
111. ISSN 1311-0829 

This article presents the modeling of a synchronous generator in the Matlab/Simulink 
environment. The principle of converting a three-phase real synchronous machine into a fictive two-
phase machine is described. The corresponding model equations are presented. Based on these 
equations, the program model in the state space is obtained. Machine fluxes are used as state 
variables. The complete model is obtained by adding the motion equation. For the verification of 
the model, simulations are carried out with data for a 1.5kW synchronous generator with 
electromagnetic excitation. Simulation results are presented with a sudden change in the input 
mechanical torque and with variable torque from a wind turbine. The results meet theoretical 
expectations.  

 
Г14. Lazarov, V., G. Notton, L. Stoyanov, Z. Zarkov. Modeling of doubly fed induction 

generator with rotor-side converter for wind energy conversion application. Proceedings 
of the Technical University – Sofia, vol. 60, book 1, 2010, pp. 289-298. ISSN 1311-0829 
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The article presents the modeling of a doubly-fed induction generator with an electronic 
converter on the rotor side. The operating modes of the complete configuration with an electronic 
converter in the rotor circuit connected to the AC grids and the exchanged energy flows are 
described. A special case is considered in which the grid-side inverter is replaced by a direct current 
source, which does not disturb the operation of the machine. The coiled rotor induction machine is 
modeled by equations system with fluxes as state variables. The model of the electronic converter 
is realized with the assumption that the semiconductor devices are ideal switches. The operation of 
the electronic converter control system is described, which ensures operation with a given reference 
for stator power of the generator. The results of simulations of step changes of the stator active and 
reactive power references are presented. In both cases, a rapid response of the control system is 
observed, thanks to which the correct and stable operation of the implemented model can be 
evaluated. 

 
Г15. Lazarov, V., B. François, H. Kanchev, Z. Zarkov, L. Stoyanov. Applications of 

supercapacitors in hybrid systems. Proceedings of the Technical University – Sofia, vol. 
60, book 1, 2010, pp. 299-310. ISSN 1311-0829 

This article describes the applications of supercapacitors in hybrid renewable energy 
systems, as well as in other energy storage devices. Supercapacitors are suitable for compensating 
fluctuations in the power of renewables due to the volatile nature of the primary resource. Different 
structures of hybrid generators consisting of different renewable energy sources, electronic 
converters and supercapacitors are considered. 

 
Г16. Lazarov, V., D. Roye, D. Spirov, Z. Zarkov. Output power control for variable speed wind 

generators. Proceedings of the Technical University – Sofia, vol. 60, book 1, 2010, pp. 
311-320. ISSN 1311-0829 

The article studies the operation of a wind energy conversion system, consisting of:  
synchronous generator with permanent magnets, diode rectifier,  boost DC/DC converter and a load. 
The authors proposed two control strategies: operation at turbine maximum power point (MPPT) 
and operation with limited point (LPPT) that is less than the maximum possible. The control is 
realized by regulating the input current of the DC converter. Fuzzy logic power controllers have 
been developed that give very good results for control of nonlinear systems. The operation of 
models and control systems for WECS is simulated at variable wind speeds. The results prove the 
reliability and effectiveness of the new strategy for managing the output of HPP. 

 
Г17. V. Lazarov, Z. Zarkov, D. Spirov. Modeling of PWM rectifier for wind energy conversion 

sistem with synchronous generator. Proceedings of the Technical University – Sofia, vol. 
60, book 1, 2010, pp. 321-331. ISSN 1311-0829 

A computer model is created in the Matlab/Simulink of an active three-phase PWM rectifier 
operating in conjunction with a synchronous generator designed to operate with variable speed 
turbine. The model includes the generator and the active rectifier, together with the controllers of 
current and DC voltage at the output of the rectifier. The generator current regulator operates in a 
dq coordinate system with separate control of the active and reactive components of the current. 
The chosen method Voltage Oriented Control. The synchronization scheme uses a phase-locked 
system - PLL. The model developed allows to control independently active and reactive power 
exchanged with the generator if necessary. Results of simulations with the developed model at 
variable speed of the generator and at change of load are shown. 

 



11 

Г18. V. Lazarov, Z. Zarkov, L. Stoyanov, D. Sprirov. Maximum power operation of wound 
rotor asynchronous machine for wind generator. Proceedings of the Technical University 
– Sofia, vol. 61, book. 2, 2011, pp. 133-142. ISSN 1311-0829 

The article presents the modeling of a wind energy conversion system with a doubly-fed 
induction generator and control systems for maximum power. The models of a wind turbine and an 
intermediate DC link have been added to the model of a doubly-fed induction generator with an 
electronic converter in the rotor of a previous publication [Г14], thus forming a complete model of 
a WECS with DFIG. To the roto side converter control system ensure the operation at maximum 
power point using a predefined curve to set the stator power. The full model is implemented in the 
middle of Matlab/Simulink. The wind turbine power coefficient is selected as a criterion for 
evaluating the proper operation of the control systems. It is exemplified by a variable input power 
simulation for the generator that resembles wind change. 

 
Г19. V. Lazarov, Z. Zarkov, L. Stoyanov, H. Kanchev. Experimental testing of suprecapacitors 

and evaluation of their parameters. Proceedings of the Technical University – Sofia, vol. 
61, book 2, 2011, pp. 143-152. ISSN 1311-0829 

The article describes an experimental study of a supercapacitor in order to determine its 
parameters and derive the parameters of its equivalent circuit. The test procedures that are used to 
determine the parameters of supercapacitors are discussed. An experimental test bench for study of 
supercapacitors is. Experimental results are presented. Based on the measured and registered values, 
the capacitor capacity, the series and the parallel resistance of the equivalent circuit are calculated. 

 
Г20. V. Lazarov, Z. Zarkov, L. Stoyanov, H. Kanchev. Study on possibilities of compensating 

wind generator power fluctuations with supercapacitors. Proceedings of the Technical 
University – Sofia, vol. 61, book 2, 2011, pp. 153-162. ISSN 1311-0829 

The article discusses the possibilities of compensating the power fluctuations of generators 
using RES with supercapacitors. Possible structures of a hybrid system with renewable energy 
sources and storage devices are presented. A strategy is developed to compensate for the 
fluctuations in wind power output with the help of a battery and supercapacitor operating 
simultaneously. A model has been created including: supercapacitor, DC-DC converter, DC line 
and power controller in Matlab/Simulink environment. The results of simulations with 
supercapacitor power varying over time, which would be required by the fluctuation compensation 
system, are presented. An experimental design is created to investigate the possibilities of 
compensating the power fluctuations of RES generators using a supercapacitor. Experimental 
studies show that by using a supercapacitor in the structure presented in the report, short-term 
compensation of changes up to 100% of the wind turbine's rated power can be achieved, and thus 
the generator can provide continuous load supply. 

 
Г21. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Modeling of photovoltaic panels for 

MPPT purposes. Proceedings of the Technical University – Sofia, vol. 63, 2013, book 2, 
pp. 341-350. ISSN 1311-0829 

The article presents the modeling of a photovoltaic (PV) panel and the analysis of the panel's 
operation under various meteorological conditions in order to prepare control surfaces for following  
the maximum power point. Based on the review of the models, one with single diode was selected 
because of its simplicity and satisfactory accuracy. A model with serial and parallel impedance is 
presented, taking into account the losses in the wires between the panel and the connection point to 
the load.  

The parameters of the model are determined based on experimental data collected from an 
experimental set-up with PV panels. With the ready-made model simulations are performed under 



12 

different meteorological conditions to illustrate the effect of temperature and solar radiation on I-V 
characteristics. Using the obtained results, control 3D surfaces for electronic converters with 
different types of reference (current and voltage) of their control systems are synthesized. 

 
Г22. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. François. Grid-connected PV system 

with MPPT control. Proceedings of the Technical University – Sofia, vol. 63, 2013, book 
1, pp. 357-366, ISSN 1311-0829. 

The article deals with a photovoltaic system connected to the electrical grid that uses a 
controller to track the maximum power point. The system consists of a PV array, boost DC/DC 
converter and an inverter for connection to the grid. A detailed simulation model of the system is 
developed, together with the control for two cases - a low-power system with a single-phase inverter 
and a powerful system with a three-phase inverter. Two MPPT algorithms have been developed and 
tested - based on predefined curves and using fuzzy logic. The results of simulations are shown to 
prove the model's operability under dramatically changing weather conditions and the adequacy of 
the approaches chosen. The simulation results of the single-phase inverter system aree compared 
with experimental data, yielding a maximum deviation of 22%. 

 
Г23. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev, B. François. Grid connected 

photovoltaic systems with limited output power control. Proceedings of the Technical 
University - Sofia, vol. 63, book 2, 2013, pp. 331-340, ISSN 1311-0829. 

The article presents a strategy for limiting the output of a photovoltaic system connected to 
the grid. There are two possibilities to achieve this - with previously known power tables, which 
operate at a certain percentage of the available maximum power and with fuzzy logic, which 
maintains a constant output power of the system. Controllers are developed using predefined power 
curves and fuzzy logic for operating at constant output power. Simulation results of the system are 
shown, which prove the operability and adequacy of the developed models. Limiting the output 
from a photovoltaic installation is a measure that is used mainly in extreme situations where the 
stability of the electricity system is threatened. So far, this is done either by completely shutting 
down the PV installation or by disconnecting certain arrays from the network. 

 
Г24. Z. Zarkov, V. Milenov, Y. Nenova, S. Rafailov. Comparative study of thin film 

photovoltaic modules. Proceedings of the Technical University - Sofia, vol. 63, book 5, 
2013, pp. 321-330, ISSN 1311-0829. 

The article presents a theoretical-experimental comparative study of four types of thin-film 
PV modules made from different semiconductor materials (aSi, CdTe, CIGS). Comparisons were 
made of the electrical characteristics of a unit cell with an area of 1cm2 from each module obtained 
by calculations based on the manufacturers' data. The current density of the amorphous and 
microcrystalline silicon modules was found to be more than twice that of the CdTe and CIGS 
modules.  The latter work with current densities in cells that are closer to those of crystalline Si 
cells. The volt-ampere characteristics (I-V) of the modules under field conditions - different solar 
radiation and temperature - were recorded. Characteristics are also recorded for two types of 
shading. The results for some of the modules show significant differences from the manufacturer's 
I-V curves. Microcrystalline silicon technology allows for efficiencies about 50% higher than that 
of amorphous silicon. The relatively new CdTe and CIGS materials now allow an efficiency close 
to that of crystalline Si cells and much higher than that of amorphous Si. 
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Г25. L. Stoyanov, Z. Zarkov, H. Kanchev, V. Lazarov. Facade photovoltaic installation 
productivity estimation. Proceedings of the Technical University - Sofia, vol. 63, book 6, 
2013, pp. 77-84, ISSN 1311-0829. 

This article examines the facade-integrated monocristalline silicon photovoltaic modules. 
The purpose is to calculate the energy produced at different orientations of the modules provided 
by the selected building. A methodology for converting solar radiation data onto a horizontal surface 
into data for the actual radiation received from the modules is presented. A methodology for 
determining the energy produced by photovoltaic panels is described, which is presented in detail 
in previous works of the author's team. Both methodologies are applied to a specific building. The 
options considered are for a horizontal roof layout, a 30° slope with minimal shading, and a vertical 
arrangement on the three facades in contact with solar radiation. Vertical placement significantly 
reduces the energy produced by the panels. 

 
Г26. Z. Zarkov, L. Stoyanov, V. Lazarov, H. Kanchev. Platform for research on PV generators 

with solar trackers. Proceedings of the Technical University - Sofia, vol. 64, book 3, 2014, 
pp. 173-182. ISSN 1311-0829 

This article describes the development and implementation of an experimental photovoltaic 
research platform. The platform is located on the Experimental site for RES research behind the 4th 
block of Technical University-Sofia. The platform consists of three solar trackers with five 
photovoltaic generators mounted on them with modules made using different technologies and 
materials. All PV generators are connected to the grid with single-phase inverters. Sensors 
connected to the Sunny Sensor box are mounted to record the ambient temperature, wind speed, 
temperature of the PV panels and the solar radiation of each of the three trackers. The data is 
collected in a dedicated Sunny Webbox device that is connected via a local area network to a PC. 
Remote data access and inverter settings can be done from a computer using the Webbox platform 
through an Internet browser. The platform offers great possibilities for comparative, quantitative 
and qualitative studies of PV systems and their elements in different modes of operation. In addition, 
the platform provides opportunities for future improvements and further development. 

 
Г27. Z. Zarkov. A system for solar modules I-V characteristics measurement. Proceedings of 

the Technical University - Sofia, vol. 64, book 4, 2014, pp. 219-228. ISSN 1311-0829 

The system of automated capture of I-V characteristics  of photovoltaic modules is presented 
by the author. The idea of the device is to record the values of current and voltage after connecting 
the panel to a discharged capacitor and then to draw the current dependence on the voltage. In order 
to check the adequacy of the idea and capabilities of the device, a model in Matlab/Simulink is 
developed, with which various simulations were made. The implemented system consists of: power 
part with capacitors and switches; voltage sensor; current sensor; analog-to-digital conversion unit 
and PC. The LabView environment is used to develop the virtual instrument for control, measuring, 
visualizing and recording data. The article shows circuits of the current and voltage sensors 
developed by the author, as well as the results of their calibration and verification of the accuracy 
of the conversion. The results of measurement of the I-V curves of 4 different PV panels taken 
under the same conditions are presented. Although the characteristics of the panels differ, the 
measuring system did very well in all cases. The system allows for rapid digital registration of the 
I-V curves under real working conditions of the panels, ensuring the persistence of external factors 
- temperature and solar radiation. The system is mobile and relatively inexpensive. 
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Г28. Z. Zarkov, B. Demirkov, L. Stoyanov, I. Bachev, V. Lazarov. State and development of 
modern wind energy conversion systems - part I and II. Proceedings of the Technical 
University - Sofia, vol. 67, book 1, 2017, pp. 311-319, 320-330. ISSN 1311-0829 

The article presents an overview of the current state of wind energy conversion systems 
(WECS) and shows the trends of their development. Information is provided on the share of wind 
energy produced worldwide. An overview and comparison of the types of electric generators used 
in WECS and the distribution of their market shares are made. The possibility of applying new types 
of generators such as brushless and superconducting is affected. Current configurations of WECS 
are considered. The classification of power electronic converters used in wind generators is made. 
The most commonly used converter circuits are shown, as well as perspective ones - parallel 
converters, cascade converters, matrix converters. Basic information on the control of the individual 
subsystems in the WECS is given. Trends in the development of modern wind turbines are 
indicated, such as: increase of the capacity of the single wind generator; switching to medium 
voltage generators and converters; switching to the use of permanent magnet synchronous 
generators; switching to direct drive of the generator; the gradual introduction of power electronic 
elements from silicon alternative materials - SiC (silicon carbide) and, in the future, from GaN 
(gallium nitride); widespread use of electronic converters in low-power WECS. 

 
Г29. Z. Zarkov, I. Bachev, B. Demirkov, V. Lazarov. Experimental study of alternators for 

applications in wind energy conversion systems. Proceedings of the Technical University 
- Sofia, vol. 67, book 1, 2017, pp. 331-340. ISSN 1311-0829 

The article presents the results of an experimental study of a car alternator with claw poles 
with a view to its application in WECS. An experimental bench for study of alternators is presented. 
The characteristics and parameters of the machine are obtained and the possibility of its operation 
in low power WECS has been investigated. Based on the characteristics and parameters obtained 
from the study, a mathematical model is chosen to describe the alternator as a synchronous machine 
with electromagnetic excitation. A simulation model of the alternator in the Matlab/Simulink 
environment is developed. The simulation results are compared with the experimental data and a 
good match is observed. 

 
Г30. Z. Zarkov, I. Bachev, B. Demirkov, V. Lazarov. Experimental study of alternator with 

permanent magnets. Proceedings of the Technical University - Sofia,  
vol. 67, book 1, 2017, pp. 341-350. ISSN 1311-0829 

This article introduces the creation of an alternator with claw poles excited by rare earth 
magnets. For this purpose, a car alternator is modified and its excitation coil is replaced by a ring-
shaped permanent magnet of rare earth materials (NdFeB). An experimental study of the modified 
alternator is carried out, its characteristics were obtained, and the possibility of its operation in low 
power WECS was investigated. The main characteristics of the excitation coil and the permanent 
magnet alternators are compared, with great similarity between them. Based on the experimental 
data and the generalized theory of electrical machines, a suitable mathematical model of the 
alternator is chosen, which is considered as a synchronous machine with permanent magnets. A 
simulation model of the alternator in the Matlab/Simulink environment is developed. The 
simulation results are compared with the experimental data and a good match was obtained. 
Replacing the excitation coil is expected to increase the efficiency of the alternator due to the 
elimination of excitation losses. 
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Г31. Z. Zarkov, V. Lazarov, L. Stoyanov, I. Bachev, B. Demirkov. Physical modeling of wind 
energy conversion systems with permanent magnet synchronous generators. Proceedings 
of the Technical University - Sofia, vol. 68, book 1, 2018, pp. 263-272. ISSN 1311-0829 

The article presents a laboratory bench for the physical modeling of a wind energy 
conversion system (WECS) developed and implemented by the authors. The stand uses a state-of-
the-art permanent magnet synchronous machine. The bench corresponds in its structure and 
elements to a real WECS. In most laboratories, it is impossible to install megawatt machines, such 
as the capacities of today's large WECS. The modeling and exploration of such powerful wind 
generators can be done through stands that represent scaled-down physical models corresponding 
to large wind turbines. The article presents the structure of the stand and briefly describes its main 
elements: drive, generator, rectifier, inverter, tuning and monitoring system. Users have the option 
of setting different inverter power curves corresponding to the maximum wind turbine power. 
Experimental studies with the bench are carried out and some of the main results obtained are 
shown. The results show that the parameters of the main elements of the stand are well matched for 
the actual operation of the system. This makes it possible to study the operation of the WECS at 
variable wind speeds, both in short-term transient modes and for extended periods of time. 

 
Г32. L. Stoyanov, Z. Zarkov, V. Lazarov, I. Draganovska. Assessment of the energy yield from 

photovoltaic power plant. Proceedings of the Technical University - Sofia, vol. 68, book 
1, 2018, pp. 273-282. ISSN 1311-0829 

The article presents the calculation of output power generated by a plant with thin-film PV 
panels of amorphous silicon. For the calculation of the power of PV panels, a modified Durisch 
model with pre-calculated empirical parameters is used. The losses in the DC power converters and 
inverters at the plant through the corresponding mathematical models are taken into account. In 
addition, an analysis of the errors registered by SCADA has been performed to improve the 
accuracy of the model. The Durisch and the inverter models calculate the power output of the plant 
for days with different atmospheric conditions. The results obtained are compared with the values 
actually measured. A comparison is made of the DC power of the photovoltaic field connected to 
one inverter and the AC power of the entire plant. The inaccuracy is due to some simplifications in 
the models, with the RMS error remaining within 6-8%.  

 
Г33. L. Stoyanov, Z. Zarkov, V. Lazarov, V. Milenov. Study of photovoltaic panels in 

laboratory conditions. Proceedings of the Technical University - Sofia, vol. 68, book 1, 
2018, pp. 283-290. ISSN 1311-0829 

The article presents the implementation of a low-cost bench for testing photovoltaic panels 
in laboratory conditions, consisting of a solar simulator and an analyzer of photovoltaic 
installations. The solar simulator was delivered by a French company after adaptation and 
implementation by order of the research team. The simulator is with continuous lighting system 
with halogen lamps. The control of the illuminating power is manual and is carried out via a thyristor 
controller. The PV panel analyzer is factory-made and allows I-V characteristics to be captured on 
installations up to 12kW. The test bench is designed to test PVs from five different technologies.  
I-V characteristics are recorded at different illumination values and panel temperatures. The results 
obtained coincide with the theoretical characteristics, but a stepwise change in the curves is 
observed. In order to identify the cause of the irregularities, the panels were also tested under real 
conditions (sunlight), again using the same analyzer. The curves obtained are smooth, which leads 
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to the conclusion that the problem is probably due to uneven illumination. The elements of the stand 
are low-budget, and a compromise is sought between satisfactory quality and low cost.  

 
Г34. Lazarov, V., Z. Zarkov, L. Stoyanov. Experimental study of losses in doubly-fed 

induction generator. Journal Ecological Engineering and Environment Protection, vol. 3, 
2012, pp. 34-40. ISSN 1311-8668 

The article presents an experimental investigation of the loss in configuration of a doubly-
fed induction generator, including: a wound-rotor induction generator, a bidirectional back-to-back 
converter, an LC filter and a transformer. The configuration is implemented as an experimental 
stand in the Laboratory for Renewable Energy Sources (Electrical Aspects) in the Department of 
Electrical Machines, Faculty of Electrical Engineering, TU-Sofia. The results of experiments and 
calculations are presented which show the dependences of the losses in the individual elements of 
the system on the converted power and on the speed of rotation of the machine. The distribution of 
different losses at different stator power values and at different rotational speeds is presented. The 
change in the efficiency of the system depending on the speed of rotation and the power is obtained. 
The results indicate the need to take into account the losses neglected in the simulation models, 
which would significantly improve the correspondence between the calculations and the reality.  

 
Г35. Lazarov, V., Z. Zarkov, L. Stoyanov. Inertia influence on MPPT operation of a wind 

turbine with doubly fed induction generator. Ecological Engineering and Environment 
Protection, No. 4, 2012, pp. 52-58. ISSN 1311-8668 

The article presents a study of the influence of inertia mass on the operation at maximum 
power of a wind power conversion system with a DFIG. Models of the individual elements of the 
wind generator and its associated control systems are briefly described. The implemented model in 
Matlab/Simulink is validated on an experimental bench. Simulations are performed at different 
values of inertia in the system and the operation of the wind generator at different wind profiles was 
investigated. Based on the results obtained, it is found that the inertial mass must provide a 
compromise between the stability of the control for tracking the maximum power point and the 
power fluctuations introduced into the network. 

 
Г36. Z. Zarkov, L. Stoyanov, H. Kanchev, V. Milenov, V. Lazarov. Comparative study of 

photovoltaic systems with different types of modules. Ecological Engineering and 
Environment Protection, No. 3, 2015, pp. 47-56, ISSN 1311-8668. 

The article presents an experimental comparative study of tracking and fixed PV systems 
with five types of panels manufactured using different technologies and materials. Comparisons are 
made of the electrical characteristics of PV generators based on the manufacturers' data. A number 
of results of experimental investigations of PV systems under different meteorological conditions 
are presented - sunny, cloudy days. The data and comparisons of the performance of fixed and sun-
tracking systems are presented and the energy produced in the sun-tracking mode is evaluated. 
Conclusions have been made about the qualities of thin-film panels compared to those of crystalline 
silica panels.  

 
Г37. Bachev, I., B. Demirkov, L. Stoyanov, V. Lazarov, Z. Zarkov, G. Notton, A. Damian. 

Generalized approach for feasibility study of hybrid systems with renewable energy 
sources. Ecological Engineering and Environment Protection, No 2, 2018, pp. 64-73, ISSN 
1311-8668, DOI:10.32006/eeep.2018.2.6473 
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The article presents a generalized method for sizing a hybrid system with photovoltaic and 
wind generators and storage devices. The method is based on the use of per unit system for the 
power generated and the energy produced. As input, data on meteorological conditions at a given 
place and load schedule of consumers are used. The method is applied to three sites in Bulgaria, 
France and Romania, and calculations are made for three exemplary generators' power 
configurations. Based on the annual energy balance, comparisons are made of the different 
configurations located at the three sites examined. Appropriate conclusions are drawn about the 
feasibility of the selected configurations at different geographical locations. 

 
Г38. Z. Zarkov. Physical modeling and research of wind energy conversion systems with 

synchronous generators in laboratory conditions. Ecological Engineering and Environment 
Protection, No. 4, 2018, pp. 60-69, ISSN 1311-8668. 

The article presents a test bench developed in the Laboratory of RES (Electrical Aspects), 
Faculty of Electrical Engineering, Technical University - Sofia, for physical modeling of wind 
energy conversion system, including: drive motor with electronic converter, synchronous generator 
with electromagnetic excitation, boost DC/DC converter, three-phase transistor inverter with a filter 
that is connected to the grid. The stand is equipped with suitable voltage and current sensors, which 
are required to control the inverters and system power. By using the dSPACE DS1104 
microprocessor platform and using a program developed by the author is implemented the control 
of the electronic converters. The structure of the model developed by the author in Simulink is 
shown, which is compiled directly into a program code for the real-time microprocessor control 
system. The article also presents some results of experimental studies, which confirm the qualities 
of the realized bench and its correspondence with the real wind generators. The developed physical 
model of WECS represents a flexible solution for verification of theoretical studies of energy 
conversion processes, operation of energy converters and control systems in wind generators. 

 
Г39. Z. Zarkov. Simulation of the wind turbines’ operation in laboratory conditions. Ecological 

Engineering and Environment Protection, No. 4, 2019, pp. 44-53, ISSN 1311-8668. 

The purpose of this article is to present approaches for the creation of wind turbine emulators 
(WTE) for use in a laboratory setting. Using appropriate mathematical models of wind turbines and 
their implementation in microcontrollers for the control of electronic converters, the operation of 
the drive motor, which corresponds to the behavior of a real wind turbine, is achieved. Two wind 
turbine emulators are presented. The first uses a DC motor with an independent excitation powered 
by a transistor converter. Its control is implemented on a dSpace DS1104 microprocessor system 
using motor current feedback. The second WTE uses a permanent magnet DC motor powered by a 
three-phase controlled thyristor rectifier. It is controlled by an Arduino Nano microcontroller and a 
torque feedback of the motor shaft. Experimental studies show the full functionality of the 
developed devices, as well as their ability to accurately simulate the behavior of real wind turbines 
in a laboratory setting. The solution using torque feedback gives better results with respect to the 
accuracy of the turbine's specified characteristics, but it requires an expensive torque sensor. 

 
Г40. Lazarov,V., Z. Zarkov, H. Kanchev, L. Stoyanov, B. François. Compensation of power 

fluctuations in PV systems with supercapacitors. Electrotehnica & Electronica Е+Е, 9-10, 
2012, pp. 48-55, ISSN 0861-4717. 

The article addresses the problems associated with the integration of RES into the energy 
system, arising from the changing nature of primary energy. Possible solutions to overcome the 
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problem are the development of hybrid systems and the introduction of energy storage devices. In 
the paper, the authors propose a system to compensate for the fluctuations in the power of a PV 
power plant by using a supercapacitor as an energy storage device. Model of photovoltaic system, 
supercapacitor and electronic converter is. Simulation studies are conducted using real data for 
variations of solar radiation. Experimental results for the operation of a supercapacitor with variable 
power are also presented. The results confirm the ability to compensate for the power fluctuations 
of low-power PV plants with only supercapacitors. 

 
Г41. Lazarov, V., Z. Zarkov, L. Stoyanov, H. Kanchev. Strategies for output power 

control of photovoltaic systems. Electrotehnica & Electronica Е+Е, 11-12, 2012, pp. 62-
72. ISSN 0861-4717 

The article summarizes the authors' work on the modeling of a photovoltaic system with a 
boost DC/DC converter and inverter connected to the power grid and possible strategies for 
managing its power output. Models of the various elements of the system are presented in detail in 
a form suitable for implementation in the Matlab/Simulink. Three strategies for controlling output 
power are considered - tracking the maximum power point (MPPT), operation with constant power, 
and operation at limited power point. The former is widely used, while the other two are proposed 
by the authors in order to be able to meet the requirements of the power system operator. Ideas are 
protected by patent [P1]. When maintaining constant power, operator's reference is followed when 
the primary potential allows it. In the case of power limitation, the output power is required to be a 
percentage of the maximum possible. The three strategies are implemented in control systems using 
fuzzy logic or predefined surfaces. Simulation results are presented to illustrate the correct operation 
of the models and control systems when operating in the three modes. 

 
Г42. Kanchev, H., B. François, Z. Zarkov, L. Stoyanov, V. Lazarov. Study of power 

fluctuations and their compensation in a hybrid system with renewable energy sources, 
Electrotehnica & Electronica Е+Е, 11-12, 2015, pp. 54-60. ISSN 0861-4717. 

The article deals with the combined effect of solar and wind potential and the energy 
produced on the operation of an autonomous hybrid system for the generation of electricity from 
renewable energy sources (RES). The system under study includes a PV generator, a wind 
generator, three gas microturbines, an energy storage device and loads. The mathematical models 
used to estimate the primary energies and to calculate the electricity produced by the various 
generators are presented. The algorithm for energy management of the hybrid system is also 
presented. The purpose of this algorithm is to plan and manage the operation of the gas 
microturbines and the storage device to ensure uninterrupted power supply to the users at minimum 
CO2 emissions. This is achieved by reducing the start-up and shut-downs of gas microturbines and 
optimizing the power at which they operate. The results of simulations at different distributions of 
primary energies are presented, the distribution of solar energy being the same for all simulations, 
while three different distributions are used for wind speed. The analysis of the results allows 
determining the optimal installed capacity of the renewable generators, taking into account the 
primary potential and the load schedule. 

 
Г43. Zarkov, Z. DC-DC converter for interfacing PV panel to micro-inverter. Electrotehnica & 

Electronica Е+Е, 9-10, 2019, pp. 161-168, ISSN 0861-4717 

This article presents the development and modeling of a DC-DC converter for connecting a 
thin-film PV module to a standard micro-inverter. The idea is to include a specialized isolated DC-
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DC converter as an interface between the PV module and the inverter. The converter is designed to 
transform the panel's current-voltage curve so that its output voltage meets the inverter's 
requirements. Based on the mathematical models of the individual elements, a simulation model of 
the combination of panel, DC-DC converter and load in Matlab/Simscape is created. The simulation 
results prove that the converter is able to adapt the module's characteristics to a micro-inverter under 
different meteorological conditions. The output characteristics of the converter have the form 
necessary for the normal operation of the algorithm for MPPT of the inverter. 

 
Г44. Spirov, D., V. Lazarov, D. Roye, Z. Zarkov, O. Mansouri. Modeling of DC-DC converters 

for application in RES using Matlab/Simulink®. Conférence Electrotechnique du Future 
«EF 2009», Sep 2009, Compiègne, France, pp., ISBN 978-2-913923-30-0 

This article introduces two approaches for modeling DC-DC converters in the 
Matlab/Simulink environment. The first approach uses equivalent converter circuits and state 
variables to build the models. The second approach is based on Simulink's SimPowerSystems 
library, which allows models to be created by directly drawing the inverters' wiring diagrams. For 
this purpose, the library provides models of various elements that are used in electrical engineering 
and electronics - passive and active, as well as additional models of various control and measuring 
devices. The article also describes the sizing of passive elements of converters. The approaches are 
exemplified by the creation of models of two types of DC-DC converters - boost and buck-boost. 
The results of simulations are presented, which are compared with the experimental results of the 
study of identical converters. Good coincidence proves the correctness of the approaches chosen 
and the validity of the models.  

 
Г45. Stoyanov, L., G. Notton, Z. Zarkov, V. Lazarov. Estimation de l’influence de l’orientation 

et de la technologie sur la productivité des modules photovoltaïques intégrés dans les 
batiments. 7ème COlloque FRancophone en Energie, Environnement, Economie et 
Thermodynamique - COFRET'14. Paris, CNAM; 23-25 avril 2014. Actes du colloque, 
Article 4/PF-073, pp. 809-815, ISSN 2269-1901. 

This article compares the performance of thin-film photovoltaic panels, located in different 
positions, which is possible when integrating PV panels in buildings. Ten sites of different latitudes, 
located in the Northern Hemisphere, are used in the study. The study is performed with two 
approaches for calculating solar radiation on the surface of PV modules. In the first approach, only 
direct solar radiation is used, and in the second approach, the diffuse and reflected components of 
the radiation are taken into account. The inputs to the calculations are: geographical location, panel 
orientation, time of day, direct solar radiation, and ambient temperature. The calculated energy for 
one year is calculated in one hour increments. The calculations are made for 126 different spatial 
orientations of the modules. The results are presented as 3D surfaces. The analysis shows that when 
using solar radiation outside the atmosphere, the optimal position is in all cases oriented south. In 
the second case, the diffuse and reflected solar radiation reduces the negative effect of the deviation 
from the optimal azimuth, but the influence of the slope increases. The results of the study allow 
architects and civil engineers to determine the energy yield of PV panels built into a building in any 
orientation and geographic location. 

 
Г46. Zarkov, Z., V. Milenov, I. Garciarena Martincorena. Study of Small-Power Wind 

Generator with Single-Phase Grid-Connected Inverter. Proceedings of Challenges in 
Higher Education & Research in the 21st century, vol. 13, June 2-5, 2015, Sozopol, 
Bulgaria, pp. 135-140. ISBN 978-954-580-356-7 



20 

This paper shows the results of a low-power wind generator model study consisting of:  
synchronous generator, rectifier, voltage limiter, and single-phase inverter with a filter and 
transformer connected to the grid. In the PSpice software, a simulation model of the electric part of 
the wind generator is created. In the small wind turbines it is advisable to use the so-called. voltage 
limiter, which is connected after the rectifier and has the function of protecting the inverter from 
unacceptably high input voltage in the event of a load or grid failure. An electronic voltage limiter 
for a small wind generator has been designed, simulated, manufactured and tested. A hysteresis 
controller with monitoring control is used to control the scheme. An experimental study was also 
conducted on an experimental stand. The created voltage limiter works as expected, resulting in a 
good match between the simulation results and the experiment result. 

 
Г47. Kanchev, H., B. François, Z. Zarkov, L. Stoyanov, V. Lazarov. Compensation of wind 

power fluctuations in an autonomous hybrid system comprising a wind generator and 
micro gas turbines. Fourteenth International conference on electrical machines, drives and 
power systems ELMA 2015, 1-3 Oct. 2015, Varna, Bulgaria, pp. 131-138, ISSN: 1313-
4965. 

This article presents a study of the impact of 3 wind energy distribution cases on the 
operation of an autonomous hybrid system with gas microturbines, wind generators and energy 
storage. The operation of the system is simulated with various wind generators with power from 30 
to 60kW. All cases use the same load curve. Power planning is performed using a pre-developed 
algorithm for incorporating gas microturbines and the storage device using dynamic optimization. 
The purpose of the optimization is to minimize CO2 emissions per day. The results show that, for 
all three wind speed distribution cases, integrating a more powerful wind generator into the system 
reduces fuel consumption, but this does not always lead to less CO2 equivalent. This is due to the 
fact that, in such cases, the gas microturbines are forced to operate at a power well below the rated 
power. Furthermore, the results show that for optimal operation of an autonomous hybrid system, 
the connection between the primary renewable energy resource and the load consumption schedule 
is more important than simply increasing the power of the renewable energy generators. 

 
Г48. Zarkov, Z., V. Milenov. Wind turbine emulator with DC motor drive. Fourteenth 

International conference on electrical machines, drives and power systems ELMA 2015, 
1-3 Oct. 2015, Varna, Bulgaria, pp. 146-151, ISSN: 1313-4965. 

The article presents a laboratory-developed wind turbine emulator (WTE). The purpose of 
the WTE is to replace the actual wind turbine with an electric motor, which drives the generator 
into a laboratory stand. Its requirements are to behave like a true wind turbine, honing its mechanical 
characteristics at a given wind speed. This is achieved by using a DC motor, which is powered by 
an electronic converter and controlled with suitable feedbacks. The article presents the 
mathematical models of wind turbine, power electronic converter and DC motor. A simulation 
model of the entire emulator was developed along with the controller. With the developed model, a 
number of simulations were performed at different wind speeds and different torque of the 
generator. The main results of these simulations are shown. A comparison simulation with a 
reference ideal model was performed to determine what deviations would be obtained in the 
presence of errors in the measured values (current, speed) and in the used motor parameters. The 
results of all simulations show that the emulator behaves like a real wind turbine and follows its 
mechanical characteristics at variable wind speeds.  
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Group З. Publications in journals with impact rank (SJR)  

S1. Zarkov, Z., L. Stoyanov, H. Kanchev, V. Milenov, V. Lazarov. Study of photovoltaic 
systems’ performances with different module types. Materials Science Forum, Vol. 856, 
2016, pp. 279-284. doi: 10.4028/www.scientific.net/MSF.856.279, (SCOPUS, SJR=0,180) 

The article presents a theoretical and experimental study of systems with photovoltaic 
modules produced by different technologies and from different materials and operating under the 
same meteorological conditions. A suitable mathematical model of type "input - output" is selected 
to determine the efficiency of panels depending on solar radiation and temperature. Based on the 
experimental data, the coefficients of the mathematical model for all types of PV panels studied are 
determined. The model is verified by calculating the electrical power of PV generators under given 
meteorological conditions and comparing it with that measured. The comparison between 
theoretical and experimental results shows a good level of agreement with a mean squared error of 
less than 3%. Comparisons of the operation of different PV generators are made under the same 
operating conditions. The conclusion is that based on the results, it is difficult to determine which 
type of PV panels are most effective, as each of them shows certain advantages under certain 
climatic conditions. Under some meteorological conditions, the thin film modules (CdTe, CIGS and 
μcSi) are competitive with the already established crystalline silicon technologies. 

 
S2.  Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Comparison of thin film modules 

productivity for building integration. Materials Science Forum, Vol. 856, 2016, pp. 309-314. 
doi: 10.4028/www.scientific.net/MSF.856.309, (SCOPUS, SJR=0,180) 

The article compares the performance of thin-film photovoltaic panels mounted in different 
positions that are possible when integrating them into buildings. Ten sites with different latitudes 
from the equator to the Arctic Circle are used in the study. For 126 different orientations of the 
surface of the panels, two types of solar radiation are determined - one outside the atmosphere and 
solar radiation on the Earth's surface, which includes the diffused and reflected components of 
radiation. The values of solar radiation and ambient temperature are entered into the mathematical 
model for determining the efficiency of PV panels. The annual energy output for each of the 
positions of the PV modules and for each of the studied geographical locations is calculated. The 
results are presented as 3D surfaces, depending on the azimuth and the angle of inclination of the 
panels. Copper-indium selenide (CIS) panels exhibit a higher energy yield than amorphous Si due 
to their higher efficiency. Amorphous silicon is advantageous when the slope of the panels is 
between 20 and 50°, while the CIS is suitable for larger slopes. The results of the study allow 
architects and civil engineers to determine the energy yield of photovoltaic panels installed in the 
building and to search for the optimal choice of layout and type of panels. 

 

Applicant's articles accepted for publication (not included in the list of points for 
meeting the minimum requirements) 
ПП1. Zarkov, Z., V. Milenov, I. Bachev, B. Demirkov. Grid connected PV systems with single-

phase inverter. 2019 11th Electrical Engineering Faculty Conference (BulEF), Varna,  
11-14.09.2019. Published in IEEE Xplore Digital Library,  
doi: 10.1109/BulEF48056.2019.9030797. 

The article presents an analysis of a photovoltaic system connected to the electricity grid. 
The system consists of: string of photovoltaic panels, single-phase inverter, an LC filter and a low-
frequency transformer connected to the grid. The system is controlled by an algorithm for MPPT of 
the PV string. A comprehensive simulation model of the entire system has been created, including 
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control algorithms. The MPPT method used is perturb and observe. A simulation study is performed 
with variable solar radiation and the results show a realistic behavior of the developed model of the 
MPPT algorithm. The simulation results are compared with experimental tests on a real 
photovoltaic array with the same parameters and a good match is found. Using simulations and 
experiments, it has been shown that the inverter output current is distorted due to the non-sinusoidal 
voltage of the grid at the connection point.  

 

ПП2. Zarkov, Z., L. Stoyanov. Emulator of PV Panels for Laboratory Studies. 2019 11th 
Electrical Engineering Faculty Conference (BulEF), Varna, 11-14.09.2019. Published in 
IEEE Xplore Digital Library, doi: 10.1109/BulEF48056.2019.9030772. 

The article introduces the implementation of a photovoltaic panel emulator for laboratory 
testing. Various options for implementing such an emulator are considered. The emulator is based 
on a computer-programmable power source. The control is performed by an algorithm programmed 
in the LabVIEW environment. The algorithm uses a suitable mathematical model of a PV panel 
based on a one-diode equivalent circuit. Model equations are programmed in a LabVIEW 
environment and the possibility of obtaining different I-V characteristics corresponding to different 
meteorological conditions is tested. Finally, the correct operation of the created emulator is tested 
and illustrated with experiments with different loads that follow the current-voltage characteristics 
of the simulated panel. 

 

ПП3. Zarkov, Z., L. Stoyanov, I. Draganovska, V.Lazarov. The Comparison of different 
approaches for solar radiation forecasting using Artificial Neural Network. 2019 11th 
Electrical Engineering Faculty Conference (BulEF), Varna, 11-14.09.2019. Published in 
IEEE Xplore Digital Library, doi: 10.1109/BulEF48056.2019.9030781 . 

The article is an exploration of a multilayered neural network (NN) to predict solar radiation 
one day ahead. Six combinations are proposed with three different input variables and two different 
number of hidden layers. In each combination, the number of hidden neurons in the layers also 
varies. The output of the neural network is the daily change in solar radiation one day ahead. Three 
different input sets are considered - daily radiation for the last six days, historical information on 
the forecast day of the last two years, and historical information on the forecast day of the past four 
years. Best results are obtained for single-layer perceptrons when measured solar radiation for the 
six previous days or same-day data for the past two years are used as input. The calculated mean-
square error for the optimal combination is between 1.44% and 8.38%. A more in-depth analysis of 
the comparison between measured and projected solar radiation shows that on clear sunny days, the 
accuracy of the model is higher and problems are observed with low solar radiation. 

 

ПП4. Zarkov, Z., L. Stoyanov, I. Draganovska, V.Lazarov. Application of ANN for solar 
radiation forecasting - case study of Oryahovo. 2019 11th Electrical Engineering Faculty 
Conference (BulEF), Varna, 11-14.09.2019. Published in IEEE Xplore Digital Library, doi: 
10.1109/BulEF48056.2019.9030792 . 

This article presents the application of artificial neural networks (ANN) for the prediction 
of solar radiation in the region of Oryahovo, Bulgaria. A review of the possibilities for predicting 
solar radiation that could be applied to evaluate the output of photovoltaic stations shows that 
statistical methods show better results for short-term predictions than physical and hybrid 
techniques. Today, the most commonly used statistical approach is the neural network. In the 
present case, a multilayer perceptron network was used to predict solar radiation for the day ahead 
for the object in Oryahovo. Measured solar radiation for the previous six days is used as input 
parameters. As a result of the simulations, the ANN with 20 hidden neurons was found to exhibit 
the best performance compared to the other structures. The standard error in this case is between 
4% and 5%. 



23 

 

ПП5. Stoyanov, L., Z. Zarkov, G. Notton, V. Lazarov. Design opportunities and building 
integration. In:  Energy Efficient Building Design, Springer, 2020. Accepted for publishing 
in Sprihger. 

The article summarizes the previous research of the authors in the field of determining 
energy production from integrated photovoltaic panels and systems in buildings. The peculiarity of 
this integration is that the orientation and inclination of the panels can be arbitrary depending on 
the layout and shape of the buildings. The methodology uses solar radiation and air temperature as 
the input, as well as the geographical coordinates of the installation and the orientation and 
inclination of the panels. A reduced Durisch model proposed by the authors in previous publications 
is used to determine power and energy. The proposed methodology is applied to various sites in the 
Northern Hemisphere using idealized and realistic meteorological data for solar radiation. The study 
is performed on five different types of PV panels manufactured using different technologies of 
different materials (mono-, poly- and microcrystalline silicon, copper-indium-gallium-selenide and 
cadmium telluride). The results show that no universal recommendations can be made for the 
optimal orientation of the panels. The results of the calculations are validated with experimental 
data from the PV systems research platform at the Technical University - Sofia and show good 
overlaps on a daily and monthly basis. 

 
Group Е26. Issued patents  

П1. Lazarov V., D. Spirow, Z. Zarkov, L. Stoyanov. „System for control of photovoltaic 
system output power“. Patent №66503 В1, 31.08.2012. 

It is an object of the invention to provide an active electrical system for controlling the output 
power of a photovoltaic system. The photovoltaic system is connected to the AC mains through an 
output power control system consisting of an inverter, a storage device connected to the inverter 
input and a controller. The controller consists of a sensor block, a control unit for determining the 
power setting, a mode selection unit and regulators. The mode selector determines the operating 
mode of the control unit from two options: operating at maximum power such as a classic MPPT 
system or operating at limited power less than the maximum. The choice of operating mode is made 
according to the requirements of the electricity system operator and the condition of the storage 
device.  The advantage of the present invention lies in the ability to smoothly adjust the power 
delivered to the network by the PV installation, in accordance with the requirements of the system 
operator. 

 
П2.  Lazarov V., D. Spirow, Z. Zarkov, L. Stoyanov. „System for control of wind energy 

conversion system output power“. Patent №66506 В1, 31.08.2012. 

It is an object of the invention to provide an electrical system for the active control of the 
output power of WECS. The WECS consists of a wind turbine and an electric generator. It is 
connected to the grid via a control system consisting of a combination of two electronic converters: 
an AC-DC and a DC-AC converter. An energy storage device is also connected to the DC line. Two 
operating modes of the control system are possible: a)  standard mode in which the maximum 
possible power is generated at the current wind speed (MPPT mode) and b) a limited mode in which 
power is generated according to an system operator specified permissible limit for transmission to 
the power grid below the maximum. The advantages of the system according to the invention lie in 
the ability to control the output power of wind energy conversion system in order to limit it, 
according to system operator requirements. This prevents the wind turbine from being switched off 
immediately and extends its operation, which is associated with economic benefits for the WECS 
owner without disturbing the balance of the power grid. 
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Summary of the contributions in the scientific works with the participation of 
the applicant submitted for participation in the competition 

Research in the submitted scientific papers can be summarized in the following groups: 

1. Study of the processes and performance of wind energy conversion systems (WECS). 
1.1. An overview of the current state of the WECS is made and the trends of their development 

are outlined. Guidelines for future research have been identified [Г28]. 
1.2. Mathematical and computer simulation models are developed for the individual elements 

of high-power (2-3MW) and low-power (less than 10kW) wind energy conversion systems: 
wind turbine, multiplier, electric generator, electronic converters, accumulators, loads and 
control subsystems [М1], [М2], [М6]. 

1.3. Developed complete simulation models for high-power (2-3MW) and low-power (less than 
10kW) WECS with different types of generators working together with power electronic 
converters, stand-alone or in parallel with electrical grid [М1], [М2], [М6], [Г1], [Г2], [Г3], 
[Г4],  [Г18]. 

1.4. A method is developed to evaluate the influence of inertia masses in WECS with a doubly-
fed induction generator on its operation with maximum power [Г35]. 

1.5. The results of experimental studies with electric generators, electronic converters and 
stands for physical modeling of WECS are obtained, the results of which prove the 
adequacy of the developed mathematical and simulation models. The losses in the 
electronic converter and its efficiency are determined on the basis of experimental 
measurements and data from the manufacturer [Г1]. 

1.6. A methodology is developed for the experimental investigation of losses in doubly-fed 
induction generator system together with electronic converters at different values of stator 
power and rotational speed [Г34].  

2. Study of electrical machines for WECS. 
2.1. An equivalent magnetic circuit is proposed for the study of inductances of claw pole 

generators. A 3D model with finite elements of a claw pole machine is made. It is proven 
that in synchronous machines with permanent magnets, including those with claw poles, 
the inductance on the axis q is greater than the inductance on the axis d [Г8]. 

2.2. Models of induction machine with squirrel cage rotor and wound rotor in Matlab/Simulink 
are created in a coordinate system rotating at synchronous speed and with currents as state 
variables [Г11], [Г12], [Г14]. 

2.3. An algorithm and a model of a synchronous machine in Matlab/Simulink are created with 
fluxes as state variables [Г13]. 

2.4. Simulation models of alternator with electromagnetic excitation and alternator with 
permanent magnets are developed [Г29], [Г30]. 

2.5. An alternator with rare earth permanent magnet is designed that has excellent parameters 
and can be further developed as a product for the market [Г30]. 

2.6. The possibility of using a modified permanent magnet alternator in low power WECS in 
configuration with diode rectifier and electronic converter has been proven [М6]. 

3. Study of electronic converters for application in RES. 
3.1. A simulation model of an active three-phase PWM rectifier in conjunction with a 

synchronous generator designed to operate with a variable wind turbine [Г17]. 
3.2. Detailed mathematical and simulation models of three types of parallel DC/DC converters 

with common input and output voltages, controlled by interleaved pulses, are developed 
for use in WECS [М4], [М5]. 
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3.3. Based on simulations, comparisons are made between the properties of different types of 
parallel DC/DC converters with a view to their application in WECS [М4]. 

3.4. A model in a Matlab/Simulink of a single-phase inverter is developed for connection of 
generators using RES to power grid. It is proven that the output power can be controlled to 
match the input so that the energy balance of the system is maintained. An experiment is 
conducted to prove the adequacy and practical applicability of the model [Г9]. 

3.5. A scheme is proposed and a simulation model of a voltage limiter for a small wind generator 
is developed. A laboratory model of the voltage limiter for small wind generator is 
fabricated, which is included as part of a test bench for physical modeling of WECS [Г46]. 

3.6. A simulation model of a PV system with an MPPT controller with a single-phase inverter 
connected to the grid is developed. Using simulations and experiments, it is proved that the 
inverter output current is distorted not only by the inverter's imperfections and its control, 
but also by the non-sinusoidal voltage of the grid at the connection point [ПП1]. 

3.7. A new idea is presented for adapting the characteristics of thin-film PV panels with high 
output voltage to standard micro-inverters by means of an intermediate DC-DC converter. 
A simulation model of the PV panel is developed along with the proposed DC-DC converter 
[Г43]. 

3.8. A comparison is made between two approaches to construct simulation models of DC-DC 
converters and their control in a Matlab/Simulink environment. Models using the 
SimPowerSystems library are shown to produce results that are closer to the real ones. 
Models using state variables have better convergence and run faster [Г44].   

4. Development and study of algorithms and strategies for wind power management.  
4.1. A new method of controlling the power of an electric generator in a WECS is defined using 

the electronic converter for tracking the point of limited power using only a certain 
percentage of the available wind power [Г2], [Г4]. The idea is protected by a patent [П2].  

4.2.  Control of the electronic converter in the WECS is defined, which allows the operation of 
the system with constant power when the wind speed is changed [Г3], [Г16].  The idea is 
protected by a patent [П2]. 

4.3. Models of controller for maximum power point tracking (MPPT) and controller for 
operation with constant power using fuzzy logic have been developed for application in 
WECS  [Г16]. 

4.4. An algorithm and a simulation model of a complete wind energy conversion system with a 
doubly-fed induction generator is developed. Algorithms and models of control systems are 
to ensure the maximum power operation of the wind generator [Г18]. 

4.5. An algorithm for determining the optimal references for generator currents in dq coordinate 
system for the implementation of a maximum torque per ampere control (MTPA) strategy 
is, which is included in the loop of the torque and current regulators of synchronous 
generator [М1]. ` 

4.6. Software implementations of wind turbine maximum power point (MPPT) tracking 
algorithms are developed using two methods: optimum tip speed ratio (TSR) and optimum 
torque control (OTC). [М2]. 

4.7. It has been proven that when controllig the synchronous generator torque using the 
maximum torque per ampere strategy, lower electrical losses are achieved compared to the 
zero d-axis control strategy [М2]. 

4.8. Based on simulations and comparisons, it is shown that the use of the TSR method for 
MPPT results in a greater amount of electricity produced from WECS than the OTC 
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method, but this is associated with much higher dynamic loads of the turbine and generator. 
[М2]. 

5. Study of photovoltaic panels and generators. 
5.1. A mathematical model for calculating the efficiency and the power of PV panels is 

proposed, which is based on the Durisch model but the influence of the air mass is 
neglected. It is that the proposed model gives good accuracy without having to know the 
exact astronomical time and geographical position of the PV installation [М7], [М8], [S1].  

5.2. Based on experimental data, the empirical coefficients necessary for the application of the 
developed model for theoretical calculation of the PV efficiency are determined. It is done 
for PV panels of six different types that are manufactured using different technologies and 
materials [М8], [М9], [S1]. 

5.3. An approach is developed to determine the temperature coefficient of PV panels efficiency 
based on experimental data [М8], [S1]. 

5.4. A mathematical model for calculation of the efficiency by the inverter input power of a 
single-phase PV inverter is developed [М8].   

5.5. A methodology is developed for calculating the power output of a PV plant by calculating 
the output power of a separate string, DC/DC electronic converter, inverter and of the entire 
plant [Г32]. 

5.6. Models with neural networks are developed to predict solar radiation for the day ahead. 
The model also allows forecasting the power generated by small or large photovoltaic 
systems for a day ahead, based on data from the previous six days [ПП3], [ПП4].  

5.7. On the basis of experimental and simulation studies, comparisons of productivity and 
conclusions about the influence of meteorological conditions on the operation of different 
types of PV panels are made. [М8], [М9]. 

5.8. A mathematical and simulation models are developed to calculate the voltage-current 
characteristics of PV panels and PV generators at given solar radiation and cell temperature. 
The model is valid for PV panels that are manufactured using different technologies and 
materials [М10], [Г21].  

5.9. An approach is developed to determine the efficiency of PV panels under arbitrary 
operating conditions (solar radiation and cell temperature) based on the model of current-
voltage characteristics [М10].  

5.10. A methodology has been developed for comparing the energy produced by different PV 
installations for integration into the facades of buildings, based on: a methodology for 
determining the actual solar radiation received from the modules and a methodology for 
determining the energy produced by the PV modules [Г25], [Г45]. Results are obtained for 
the energy yield of monocristalline silicon PV panels at different orientations at 10 locations 
around the globe [Г45]. Results are obtained for the energy yield of two types of thin-film 
PV panels at 126 different orientations at 10 locations around the globe [S2], [ПП5]. 

5.11. Theoretical and experimental comparative studies of the characteristics of different types 
of photovoltaic panels and generators operating under the same conditions have been 
carried out [М8], [М10] [Г24], [Г36]. 

6. Developing and study of algorithms and strategies for control of PV generators power.  
6.1. A method for tracking the maximum power point through control surfaces is, taking into 

account changes in solar radiation and ambient temperature [Г21], [Г41]. 
6.2. A detailed simulation model of a photovoltaic system connected to the grid, together with 

the control, is developed. Two algorithms and models of their respective controllers for 
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maximum power point tracking are created and tested, based on predefined curves and 
using fuzzy logic [Г22]. 

6.3. A strategy for limiting the output of a photovoltaic system is proposed. Two approaches 
are developed to achieve this - with previously known power tables that operate at a certain 
percentage of the available maximum power and with fuzzy logic, which maintains a 
constant system output power [Г23]. The idea is protected by a patent [П1].  

7. Study of hybrid systems using RES. 
7.1. A new approach for study and sizing of hybrid systems with wind and photovoltaic 

generators is developed, based on the use of per unit system. The approach enables 
comparisons to be made and to find the optimal system configuration without using specific 
power and energy values, and without setting specific models for wind and PV generators 
[Г5], [Г37]. 

7.2. Numerous studies on the topic are summarized and experimental results have been 
presented to show that with properly sized generators and selective switching off of some 
loads, stable operation of a hybrid RES system can be achieved in both modes of operation: 
complete autonomy or connected to the grid [Г10]. 

7.3. A review of the possibilities of using supercapacitors to compensate for power fluctuations 
of generators using RES is made [Г15].  

7.4. A methodology and experimental test bench for determining the parameters of the 
supercapacitor and the equivalent circuit is developed [Г19].  

7.5. A strategy is developed to compensate the fluctuations of wind turbine power with the help 
of a battery and supercapacitor operating simultaneously. A simulation model of the system 
is created [Г20]. 

7.6. An algorithm and a simulation model of a system for compensating the power fluctuations 
of a photovoltaic system using a supercapacitor is developed [Г40]. 

7.7. Algorithms are developed to calculate the power references of the compensating generators 
in a hybrid renewable energy system when the primary energy (wind and sun) changes so 
Developed algorithms based on which are calculated jobs countervailing power sources in 
hybrid system with renewable energy in case of primary energies (wind and sun), so as to 
achieve continuous supply of loads with minimal emissions of СО2 [Г42], [Г47]. 

8. Creation of a scientific research infrastructure for the study of wind power and 
photovoltaic systems in laboratory and field conditions. 
8.1. Models are developed and two wind turbine emulators are implemented, which are 

incorporated as elements of two stands for physical modeling of WECS. The possibility of 
replacing a real wind turbine in laboratory conditions with a properly controlled electric 
motor has been proven [Г39], [Г48].   

8.2. A test bench (physical model) is developed to simulate the operation of a wind energy 
conversion system with a synchronous generator with electromagnetic excitation and 
electronic converters [М3], [Г38].  

8.3.  Real-time programs for power control in WECS are developed. The results of experimental 
studies are obtained, which confirm the adequacy of the developed algorithms and control 
models that are applicable to WECS with synchronous generators [М3].  

8.4. Experimental test bench alternator for physical modeling of low power WECS with 
electronic converters is created [М5], [Г29], [Г30]. 

8.5. A stand for physical modeling of WECS with a permanent magnet synchronous generator, 
rectifier and single phase inverter connected to the grid is created [Г31]. 
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8.6. A platform for experimental study of photovoltaic generators with grid-connected inverters 
and operating under real-world conditions is created. The platform is located on the 
Experimental site for RES research of the Technical University of Sofia [М8], [Г26].   

8.7. A unique for the country microprocessor-based system for real-time control of processes in 
WECS and for data acquisition in laboratory dSPACE is introduced [М3], [М11].  

8.8. A mathematical and simulation model of a device for recording volt-ampere characteristics 
(I-V) of PV panels by charging a capacitor is developed. An automatic system for the 
recording volt-ampere characteristics of PV panels for current up to 10A and voltage up to 
100V is implemented [Г27]. 

8.9. A test bench for the experimental investigation of photovoltaic panels in laboratory 
conditions by artificial lighting is created [Г33]. 

8.10. A PV panel emulator has been developed that allows simulation of the operation of PV 
panels in laboratory conditions [ПП2]. 

8.11. An experimental test bench is created to study the possibilities of compensating the 
fluctuations of power generated from RES with supercapacitors [Г20]. 

9. Study of electric machines and drive systems for electric and hybrid vehicles. 
9.1. A complex approach for modeling and simulation of drive systems with permanent magnet 

synchronous motor, electronic converter and control subsystem is developed. A 
comprehensive simulation model of the system is created that allows it to be tested in 
different operating modes. A model of control of PMSM is developed with the application 
of a combination of two strategies: maximum torque per ampere in the first zone and 
constant voltage and constant current in the second zone. It is proven that a permanent 
magnet motor with a sinusoidal magnetic field distribution can also operate as a BLDC, but 
with lower performace [Г6]. 

9.2. It is proposed to improve an existing analytical method for calculating the field coefficient 
in a synchronous permanent magnet motor by including an additional member that takes 
into account the effect of frequency on circulating currents in a coil with parallel branches. 
Computational and simulation results are obtained for the effect of different coil parameters 
and the frequency of current on the field coefficient [Г7].   
 

The contributions also have an educational aspect because some of the educational 
techniques and scientific and technological achievements discussed in the articles are used in the 
training of students in the disciplines concerning RES and energy conversion. 
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