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An Analysis of the Experimental Configuration of a Standalone PV System
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Abstract: This research presents an experimental setup for analysing the power flow in a standalone photovoltaic (PV) system, encompassing both DC and AC loads. The
study aims to investigate the effectiveness of the system by examining power transfer to a DC load and battery, as well as an AC load and inverter. Experimental analysis
and simulation results were compared, demonstrating the successful implementation of the system. The theoretical calculations and software-based computations were
utilized for design, comparison, and assessment of the standalone PV system. The findings revealed a linear relationship between incident irradiation and power output,
highlighting the direct influence of radiation on PV system performance. Furthermore, the evaluation encompassed Array power, Charge Controller efficiency, Inverter
efficiency, and battery charging across various irradiance levels. This research provides valuable insights into power flow analysis, offering a deeper understanding of
standalone PV systems behaviour and efficiency. The outcomes contribute to the optimization of PV system designs, facilitating enhanced power generation and utilization

for both DC and AC applications.
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1 INTRODUCTION

Solar power is the process of converting solar energy.
Photovoltaic (PV) cells allow for the direct conversion of
solar energy into electricity, making solar power an
important participant in the global energy market. Solar
energy has been widely adopted thanks to falling solar cell
prices, making it an economical and low-carbon technique
for obtaining renewable energy [1]. With the earth's surface
absorbing approximately 71% of solar radiation, there is
immense potential for harnessing solar energy to meet the
world's electricity demands [2].

India, in particular, has recognized the vast potential of
solar energy and has implemented various subsidy schemes
to promote its development [3]. The country is home to the
world's largest solar power plant, located in Kamuthi,
Tamil Nadu, with an installed capacity of 648 MW [4].
India's commitment to solar power is further demonstrated
by its goal to provide solar energy access to over 60 million
homes by 2020 [5]. Additionally, the installation of
floating solar power plants, such as the one in Banasura
Sagar Reservoir in Kerala, showcases innovative
approaches to maximizing solar energy generation [6].

The global solar market is experiencing rapid growth,
with India positioned as one of the key players. As solar
power continues to expand, advancements in technology,
such as the use of concentrated solar power and hybrid
systems, further enhance the efficiency and reliability of
solar energy generation. Furthermore, initiatives such as
robotic cleaning systems, as seen in the Topaz Solar Farm
in California, contribute to the optimization and
maintenance of solar power plants [7].

Overall, the contributions of solar power to the energy
sector are significant. It offers a sustainable and clean
solution to meet growing electricity demands while
reducing carbon emissions. The progress in solar
technology, coupled with supportive government policies
and innovative projects, ensures a promising future for
solar power generation on a global scale.

This research focuses on the analysis of a standalone
PV system, examining its power flow to both DC loads and
batteries, as well as AC loads through an inverter. The
primary objective is to investigate and evaluate the

system's performance under different irradiance levels and
load conditions. The experimental setup enables the
validation of theoretical calculations and software
simulations, ensuring accurate assessment and design of
the standalone PV system.

The key contribution of this research lies in the
comprehensive evaluation of power flow, including the
examination of Array power, Charge Controller efficiency,
Inverter efficiency, and battery charging efficiency. By
analyzing these parameters, a deeper understanding of the
system's behavior and efficiency is obtained, enabling the
identification of areas for improvement and optimization.

2 RELATED WORKS

Several studies have focused on various aspects of
solar power generation and its applications, contributing to
the overall understanding and advancement of the field.
The following works are relevant to the research presented
in this paper:

Miller et al. (2021) conducted a review on the
integration of solar photovoltaic systems with energy
storage technologies. They explored different storage
options and their impact on enhancing the reliability and
performance of PV systems. Hafez, A. Z., et al. (2018)
performed a comprehensive review of solar tracking
systems. They discussed various tracking techniques and
their impact on improving the energy yield of PV systems
by optimizing the incident sunlight. Akrofi, M. M., et al.
(2022) focused on the application of solar energy in
buildings and urban environments. They discussed the
integration of PV systems into building structures, urban
planning, and energy management strategies. Maka, A. O.,
et al. (2021) conducted a review on the challenges and
opportunities of large-scale solar power plant deployment.
They discussed policy frameworks, technological
advancements, and financial considerations for the
successful implementation of utility-scale solar projects.
Kabir, E., et al. (2018) explored the potential of solar
energy in developing countries. They discussed the
socioeconomic and environmental benefits, along with the
challenges and policy frameworks necessary to promote
solar energy adoption in developing nations. Muteri. V., et
al. (2020) conducted a comprehensive review of PV system
monitoring and control methods. They discussed the use of
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advanced monitoring technologies and control algorithms
to improve the efficiency and reliability of PV systems.
Das, U. K., et al. (2018) focused on the optimization of PV
system operation and maintenance (O&M) strategies. They
highlighted the importance of effective O&M practices in
maximizing the performance and lifespan of PV systems.

The problem addressed in this research is the limited
understanding of the long-term performance and reliability
of photovoltaic (PV) systems under varying environmental
conditions. While significant advancements have been
made in PV technology, there is still a lack of
comprehensive studies that examine the degradation
mechanisms and durability of PV modules over extended
periods of operation. This knowledge gap hinders accurate
predictions of energy output and impacts the economic
viability of solar power projects. Additionally, the impact
of specific environmental factors on PV module
performance, such as temperature, humidity, dust
deposition, and extreme weather conditions, remains
inadequately understood. The lack of comprehensive
research in these areas restricts the development of
effective strategies to enhance the durability, reliability,
and maintenance practices of PV systems. Addressing
these knowledge gaps is essential for maximizing the
efficiency, longevity, and overall performance of solar
power systems.

3 EXPERIMENTAL SETUP DESCRIPTION

A comparative performance analysis is performed
between the experimental setup and the simulation results.
The experimental Standalone PV system arrangement is
seen in Fig. 1 and comprises two 40 Wp PV modules. The
cells are of polycrystalline silicon type [16].

Figure 1 Experimental setup of standalone PV system

In Fig. 2 [17], a single module is made up of 36 solar
cells connected in series. Connecting the two modules in
series will increase the output voltage of the PV array,
while connecting the modules in parallel will increase its
output current.

The PV modules are illuminated by artificial halogen
lamps of 1800 W with a regulator. A POT (variable
resistor) of 200 ohms is connected across the modules
acting as a load. The change in resistance has an effect in
the output current and voltage. The output of a single PV
module is sufficient to charge a 12 V battery. So, two
batteries are required to store 24 V from the PV modules

when they are connected in series. The output of PV
modules is connected to supply a DC Load or charge a
battery or can also feed an AC Load through an inverter.
The parameters of a single solar module of model MS1240
is given in Tab. 1 (Courtesy: Micro Sun Solar Tech Pvt
Ltd) [18].

+
Figure 2 Single PV module
Table 1 Parameters of the solar module
S. No. Parameters Range
1. Open Circuit Voltage (V,.) 2232V
2. Short Circuit Current (/,.) 224 A
3. Maximum Voltage (V) 18.1V
4. Maximum Current (£,,) 221 A
5. Maximum Power at STC (Py.) 40 Wp
6. Maximum System Voltage (Vpc) 600 V
7. Operating Temperature —200-900 °C
Normal operating Cell Temperature o
8. (NOCT) 470 °C +/- 2K
9. Current Temperature Coefficient +0.66% / K
10. Voltage Temperature Coefficient —0.36% /K
11. Power Temperature Coefficient —0.43% /K

Tab. 2 provides the experimental results for a single
PV module at an irradiation of 200 W/m? and 280 °C for
voltage, current, and power. Figs. 3 and 4 provide graphical
representations of a single module's VI and PV
characteristics. The experimental analysis is performed on
Eco sense Solar Photovoltaic Training & Research kit.

Table 2 Experimental values of V, | for single PV module

S. No Temperature Voltage Current Power
1 28 0.2 0.27 0.054
2 28.4 4.5 0.26 1.17
3 28.5 6.9 0.26 1.794
4 28.6 8.7 0.25 2.175
5 28.7 10.1 0.25 2.525
6 28.9 11.7 0.24 2.808
7 29.0 13.1 0.24 3.144
8 29.0 15.8 0.23 3.634
9 29.2 17.3 0.21 3.633
10 29.2 18.6 0.16 2.976
11 29.3 19.3 0.09 1.737
12 29.8 19.7 0.05 0.985
13 29.9 20.1 0.02 0.402
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Figure 3 VI characteristics of a single PV module
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Figure 4 PV characteristics of a single PV module

The 36 solar cells are linked in series with the

parameters listed in table 1 in the PV circuit seen in Fig. 5.
This circuit was created using Matlab software.
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Figure 5 Single PV module simulation circuit

It is possible to acquire the VI and PV characteristics
of a single module for 1000 W/m, 2500 W/m, and 2200
W/m? at 250 °C. The simulation's outcomes are displayed
in Figs. 6 and 7.
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Figure 6 VI Characteristics of a single PV Module
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Figure 7 PV Characteristics of a single PV Module

As depicted in Fig. 8, the simulation model comprises
PV array of 1 parallel string with 2 modules of 36 cells in
series per string. The PV module is designed with the
parameters as given in Tab. 1. The DC to DC buck
converter, which has a 50 W output power and a 12 V
output voltage, is linked to the PV array's output and
charges a 100 Ah/12 V battery that serves as the storage
component. For the MOSFET switch in the converter to
operate at maximum output, a solar charge controller is
coupled to provide the gating PWM pulse. Perturb and
Observe, the Hill Climbing method, the Incremental
Conductance method, and other soft computing techniques
are examples of further MPPT algorithms.

Figure 8 Implementation of PV system

The Perturb and Observe MPPT algorithm is being
used in this design's controller. The output power of the PV
array, which is exhibited from the battery measurement and
is denoted by a negative sign, is roughly 79W, and the PV
array charges the battery. The current and voltage sensor's
output, Imp and Vmp, roughly matched the characteristics
listed in the module's datasheet. Through the use of an
inverter, the PV array's output may also power either an
AC or DC load [19].

3 MODELLING EQUATIONS AND CHARACTERISTICS

PV cells are made from a variety of materials. Mono-
and polycrystalline silicon crystal structures are the two
most popular types. To get the required output voltage,
numerous solar cells are connected in series to form a solar
panel. A typical solar cell only generates about 0.5 V and
less than 2 W. Thus, the panels are a part of an array. A
series connection between two arrays results in a high
output voltage. The PV cell operates as a p-n junction diode
if solar radiation is not present at all times. As a result of
the interaction between the light photons and the cell atom,
when solar radiation impacts the PV cell, pairs of electron
holes are produced. The electric field produced by the cell
junction splits the photogenerated electron-hole pair, with
the electrons and holes floating to the n region and p region
of the cell. A photo current is produced by this movement,
and it is mostly reliant on the quantity and type of solar
energy [20]. A PV cell transforms into a p-n junction diode
and turns into inactive if solar radiation is not reaching it,
as was previously said. PV cells are unable to generate
current or voltage in this circumstance. However, when a
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cell is linked to a larger external supply than the cell
voltage, a current ID known as black current is generated.
The PV system used for power conversion is made up of
the tracking controller, several series and parallel
configurations of PV modules, a DC-DC converter, and an
inverter. A DC-DC converter and an inverter can both be
used to boost the DC voltage generated as a result and
convert it to AC. The load rating of the PV panel should be
taken into consideration. The electrical equivalent diode
model of the PV cell shown in Fig. 9 is given below.

Figure 9 Equivalent circuit of PV cell

Current source, diode shunt resistance R,, and series
resistance R, make up the PV model. The cell surface
leakage via the edges is represented by the shunt resistance
R,.

The overall current [ is the difference between the
currents generated by a light source (/,v), a diode (/), and
a resistor (R,) is given by Eq. (1).

I=1 _[d_[sh (l)

pv

Diode current /; and Shunt Resistance current /g, is
presented by Egs. (2) and (3).

1, =1, {exp{mZT (V+IR, )} —1} )

c

3)

where, m - idealizing factor; k - Boltzmann constant; T -

absolute temperature of cell; ¢ - charge of electron; V -

potential across cell; Iy - cell reverse saturation current.
By utilizing Eqgs. (2) and (3) in (1) is shown below

Izlpv—lo{exp{ Z (V+1RS)}—1}—V+IRS @)

where, 4 - curve fitting parameter.

4="" (6)

Calculating the phase current /,,. It shows that the
output current under typical test conditions is

=1, -1, {exp (KJ - 1} (7

When a PV cell shorts out,

0
I, :Ipv—lo{exp[;)—l}:lpy ®)

Eq. (8) is only true in an ideal situation. The equality
is thus untrue. Eq. (9) has the notation,

1, ~1 ©

pv sc

Irradiance and temperature both affect the
photocurrent.

I, = G (1, + 1. *AT) (10)

ref

where, G - irradiance; Gy - irradiance at standard testing
conditions calculating the shunt and / - through the use of
three standard conditions, resistance which is frequently
significant for all applications is eliminated. Open circuit
voltage (/= 0, V'=V,.). Short circuit current (V' =0, I = I,;).
The following equation is constructed using the maximum
power voltage (V,,,) and current (Zy).

IR
I,=1,, —Io{exp( -WA Sj—l} (11)
o=1I, -1 {ex [—Vocj—l} (12)
pv 0 p 4
Vo +1omR
L, =1, 1 {exp{%j—l} (13)

Since term (—1) is so little in comparison to exponential
term, it is deleted. Eq. (13) with (I,) substituted in
accordance with Eq. (14) and we get Eq. (15).

mkT, R,
Vi
O0~1, -1, exp(—oj (14)
Since PV cells often have large shunt Resistance R, 4
VAHIRs is deleted. Hence,
Rp Hence,
V + IR I, =1, exp “Voc (15)
[:[pv_IO eXp|: P S:|—l (5) 0 sc 4
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4 POWER FLOW EVALUATION OF A PV SYSTEM OF DC
LOAD WITH BATTERY

The evaluation of power flow in the PV system when
a DC load [21-23] is connected along with the battery is
analyzed in this section which is demonstrated using the
experimental setup.

The Solar Charge Controller and battery for
measurement and DC load is present in the Main
Controller. Eight 1W lamps (Blue Color Lamp) in the Main
Controller act as the fixed DC load as shown in Fig. 10.

The modules are linked in a manner that is parallel.
The halogen bulbs are turned on, and their intensities are
adjusted. The radiation meter's measurement of the
irradiation constant is maintained constant. The DC load
current and voltage, battery current and voltage, and array
current and voltage from the PV module are all measured
in the Main Controller module. The module voltage needed
by the battery bank or DC load is controlled by the solar
charge controller. The required parameters are measured as
the radiation is gradually changed. The DC load's intensity
varies depending on the irradiation. The Array power for
the PV modules is calculated using the formula:

PV Array power = load power + battery power + Power
loss by Charge Controller.

Discrete,
To=le08 s,

povergu
PV VOLTAGE

Unit Delay

IRRADIANCE

o
SAPIIY.

Figure 10 Experimental setup of parallel connection of PV modules with DC
load

The experimental analysis was performed and from the
analysis it was noted that as the irradiation was varied, the
intensity of the Lamp which is acting as DC load is also
changed which is regulated by the Charge Controller. The
PV array, DC load, Battery voltage and current are
measured for 200 W/m? as tabulated in Tab. 3.

The below Fig. 11 shows the simulation of Parallel
connection of PV modules with DC Load and Fig. 14
shows the output voltage of DC load.

Displays

TEMPERATURE

A
| <Curent(al
BATTERY CURRENT

Scopel

BATTERY VOLTAGE

DC LOAD TERMNAL

[C-DC CONVERTER OOUTPUT VOLTAGE

- DC LOAD TERMINAL

DC LOAD

Figure 11 Simulation of Parallel connection of PV modules with DC Load
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Table 3 Experimental values of parallel connection of PV modules with DC load

Array Current | Array Voltage | Array Power | Load Current | Load Voltage Load Power | Battery Current | Battery Voltage | Battery Power
/A /V /W /A /V /W /A /'V /W
0.16 20.5 3.28 1.1 12.5 13.7 0.008 13.7 0.1096

5 POWER FLOW EVALUATION OF A PV SYSTEM OF AC
LOAD

The power flow in the PV system when an AC load is
connected through an inverter is evaluated and discussed
in this section. The experimental standalone setup includes
PV module, ammeter, voltmeter, Solar Charge Controller
and battery for measurement and AC load which is present
in the Main Controller and an Inverter. White Color Lamp
in the Main Controller acts as the fixed AC load as shown
in Fig. 12. The halogen lamps are switched on and the
intensity of the lamps are varied using the regulator. The

irradiation is kept constant which is measured by the
Radiation meter.

The charge controller controls the voltage produced by
the PV modules, and an inverter converts the battery's
controlled DC power from DC to AC. The input current
and voltage of the inverter, the current and voltage of the
AC load, the current and voltage of the battery, and the
array current and voltage from the PV module are all
measured in the main controller module. The irradiation is
varied in steps and depending upon the irradiation, the
intensity of the AC load is varied. The Array power and the
inverter efficiency are calculated and tabulated in Tab. 4.

Table 4 Experimental values of Parallel connection of PV modules with AC Load and Inverter

Array Current | Array Voltage | Array Power | Inverter 7/P Inverter 7/P Inverter /P | Battery Current | Battery Voltage | Battery Power
/A /V /W Current / A Voltage / V Power / W /A /V /W
0.43 12.0 5.16 0.42 8.9 3.738 0.021 8.9 0.1869
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(o=t edfs.
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PYVOLTAGE
Displayd
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g l * m e
SN T '
@ B e BATTERY CURRENT Rlod
b Vokige Mezuremert
OUTPUT VOLTAGE
BATTERY VOLTAGE "'W
From E
DC-OC CONVERTER OOUTPUT VOLTAGE

INVERTER

Figure 12 Simulation of parallel connection of PV modules with AC load and inverter

6 CONCLUSION

This research gives an experimental setup for
analyzing the power flow from a PV system to a DC load
and battery as well as an AC load and inverter. An
experimental examination was conducted, and the findings
showed that the estimated values and the outcomes of the
simulation matched each other, proving that the system
was effectively created and could be used. The theoretical
calculations and software-based computations are used to
design, compare, and assess the standalone PV system. The
relation between the radiation and power output is found to
be linear. Performing the evaluation of power flow, the
Array power, Charge Controller efficiency and the Inverter
efficiency, battery charging was also analyzed for different

irradiance levels. It is suggested that a design of off-grid
PV Solar system for a commercial building should be
carried out; when heavy loads are subjected to the system
without any diversity factor. All these changes in loads
application will result in more conclusive and pronounced
outcomes for the future optimization of off-grid PV
systems.

7 REFERENCES

Ahmed, A. S. M., Alberto, B., & Osama, A. M. (2017).
Design and Hardware Implementation of FL-MPPT control
of PV systems based on GA and Small-Signal Analysis.
IEEE Transactions on Sustainable Energy, 8(1), 279-290.
https://doi.org/10.1109/TSTE.2016.2598240

(1]

Tehnicki viesnik 31, 4(2024), 1048-1054

1053



Perumal SARAVANAN et al.: An Analysis of the Experimental Configuration of a Standalone PV System

[2] Ma, T., Yang, H., & Lu, L. (2014). A feasibility study of a
stand-alone hybrid solar—wind—battery system for a remote
island. Applied Energy, 121, 149-158.
https://doi.org/10.1016/j.apenergy.2014.01.090

[3] Rama, S. T. (2015). A Review on social impact of
International Interconnection of Power Grid. Journal of
Energy Technologies and Policy, 5(5), 12-19.

[4] Sheeba Percis, E., Manivannan, S., & Nalini, A. (2015). A
Comprehensive Review on Coordinated Control of
Distributed Energy Resources and Energy Storage Systems.
International Journal of Applied Engineering & Research,
10(68), 416-420.

[5] Thang, T. V., Ashraf, A., Changin, K., & Joung Hu, P.
(2015). Flexible System Architecture of standalone PV
Power Generation with Energy Storage Device. IEEE
Transactions on Energy Conversion, 30(4), 1386-1396.
https://doi.org/10.1109/TEC.2015.2429145

[6] Abdurazaq, E., & Muhammet, T. G. (2021). Algorithms to
Model and Optimize a Stand-Alone Photovoltaic-Diesel-
Battery System: An Application in Rural Libya. Tehnicki
vjesnik, 28(2), 523-529.
https://doi.org/10.17559/TV-20200530094834

[7] Bhubaneswari, P., Iniyan, S., & Ranko, G. (2011). A review
of solar photovoltaic technologies. Elsevier Renewable and
Sustainable Energy Reviews, 15(3), 1625-1636.
https://doi.org/10.1016/j.rser.2010.11.032

[8] Miiller, A., Friedrich, L., Reichel, C., Herceg, S., Mittag, M.,
& Neuhaus, D. H. (2021). A comparative life cycle
assessment of silicon PV modules: Impact of module design,
manufacturing location and inventory. Solar Energy
Materials and Solar Cells, 230, 111277.
https://doi.org/10.1016/j.s0lmat.2021.111277

[9] Hafez, A. Z., Yousef, A. M., & Harag, N. M. (2018). Solar
tracking systems: Technologies and trackers drive types - A
review. Renewable and Sustainable Energy Reviews, 91,
754-782. hitps://doi.org/10.1016/j.rser.2018.03.094

[10] Akrofi, M. M. & Okitasari, M. (2022). Integrating solar
energy considerations into urban planning for low carbon
cities: a systematic review of the state-of-the-art. Urban
Governance, 2(1), 157-172.
https://doi.org/10.1016/j.ugj.2022.04.002

[11] Maka, A. O., Salem, S., & Mehmood, M. (2021). Solar
photovoltaic (PV) applications in Libya: Challenges,
potential, opportunities and future perspectives. Cleaner
Engineering and Technology, 5, 100267.
https://doi.org/10.1016/j.clet.2021.100267

[12] Kabir, E., Kumar, P., Kumar, S., Adelodun, A. A., & Kim,
K. H. (2018). Solar energy: Potential and future prospects.
Renewable and Sustainable Energy Reviews, 82, 894-900.
https://doi.org/10.1016/j.rser.2017.09.094

[13] Muteri, V., Cellura, M., Curto, D., Franzitta, V., Longo, S.,
Mistretta, M., & Parisi, M. L. (2020). Review on life cycle
assessment of solar photovoltaic panels. Energies, 13(1),
252.

[14] Das, U. K., Tey, K. S., Seyedmahmoudian, M., Mekhilef, S.,
Idris, M. Y. L., Van Deventer, W., & Stojcevski, A. (2018).
Forecasting of photovoltaic power generation and model
optimization: A review. Renewable and Sustainable Energy
Reviews, 81, 912-928.

[15] Soltana, G., Kais, J., & Moez, G. (2019). Experimental and
simulation study of a stand-alone photovoltaic system with
storage battery. International conference on Sciences and
Techniques of Automatic control & computer engineering,
IEEE, 442-448. https://doi.org/10.1109/STA.2019.8717199

[16] https://www.pveducation.org/pvecdrom/modules-andarrays/
module-circuitdesign
https://www.enfsolar.com/pv/paneldatasheet/crystalline/208
53

[17] Mohammed, A. E., Bashar, Z., & David, J. A. (2015).
Operating Characteristics of the P&O Algorithm at High

Perturbation Frequencies for standalone PV systems. /EEE
Transactions on Energy Conversion, 30(1), 189-198.
https://doi.org/10.1109/TEC.2014.2331391

[18] Theristis, M. & Ioannis, A. P. (2014). Markovian Reliability
Analysis of Standalone Photovoltaic Systems Incorporating
Repairs. [EEE Journal of Photovoltaics, 4(1), 414-422.
https://doi.org/10.1109/JPHOTOV.2013.2284852

[19] Dario, D., Marinko, S., Damir, S., & Matej, Z. (2022).
System Control and Data Acquisition of University
Photovoltaic Power Plant. Tehnicki vjesnik, 29(4), 1310-
1315. https://doi.org/10.17559/TV-20210924130933

[20] Chunhui, L., Weihong, R., Peng, C., & Chao, D. (2022).
Control Strategy of Photovoltaic DC Microgrid Based on
Fuzzy EEMD. Tehnicki vjesnik, 29(5), 1762-1769.
https://doi.org/10.17559/TV-20220421043045

[21] Hua, C. & Lin, J. (2003). An on-line MPPT algorithm for
rapidly changing illuminations of solar arrays. Renewable
Energy, 28(7), 1129-1142.
https://10.1016/S0960-1481(02)00214-8

[22] Bai, J., Cao, Y., Hao, Y., Zhang, Z., Liu, S., & Cao, F.
(2015). Characteristic output of PV systems under partial
shading or mismatch conditions. Solar energy, 112, 41-54.
https://doi.org/10.1016/j.solener.2014.09.048

[23] Alajmi, B. N., Ahmed, K. H., Finney, S. J., & Williams, B.
W. (2013). A Maximum Power Point Tracking Technique
for Partially Shaded Photovoltaic Systems in Microgrids.
IEEE Transactions on Industrial Electronics, 60(4),1596-
1606. https://doi.org/10.1109/TIE.2011.2168796

Contact information:

Perumal SARAVANAN, Professor and Head
(Corresponding author)

Sree Sakthi Engineering College,
Karamadai, Coimbatore - 641104

E-mail: dr.sara_p@outlook.com

Kumar CHERUKUPALLI, Associate Professor
Department of Electrical and Electronics Engineering,
PVP Siddhartha Institute of Technology,

Vijayawada, Andhra Pradesh - 520007

E-mail: kumarcherukupalli77 @gmail.com

Ramesh JAYARAMAN, Associate Professor

Department of Electrical and Electronics Engineering,
Velagapudi Ramakrishna Siddhartha Engineering College,
Vijayawada, Andhra Pradesh - 520007

E-mail: jramesh@uvrsiddhartha.ac.in

Nattanmai Balasubramanian PRAKASH, Professor
Department of Electrical and Electronics Engineering,
National Engineering College,

Kovilpatti, Tamilnadu - 628503

E-mail: nbprakash26@gmail.com

1054

Technical Gazette 31, 4(2024), 1048-1054




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


