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Abstract: The inclusion of renewable energy in India’s
electricity mix hasbeen increased dramaticallyin the past several
years. From an environmental, energy security and long-term cost
standpoint, this evolving trend is undoubtedly welcome. Solar
energy has rapidly emerged as a reliable, affordable and clean
solution for meeting India’s fast growing energy demand and
supply to all. But connecting PV plant DC power with the AC grid
isdifficult because of tripping, not properly synchronizing. In this
paper the development of PV array model, their integration, power
quality assessment and Simulink implementation are described.
Modeling concept presented in this paper can easily be extended
and used for scalability purpose. System consist of solar arrays,
MPPT, | GBT inverter and transformer. Firgt, thefield parameters
has been measured and analyzed by using Fluke Power Analyzer,
then exact field modeling and simulation of cluster model of 1.6
MW grid (agricultural feeder)connected PV based solar power
plant using MATLAB Simulink R2019A is made in which
Maximum Power Point Tracking technique(MPPT) for obtaining
maximum possible power output is used, and in MPPT we have
used Perturb and Observe method. The ideal values getting from
MATLAB Simulation and the real time values of the PV Plant
measured by fluke power analyzer are compared and analyzed,
then an efficient systems can be modeled for proper
synchronization with the grid.
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. INTRODUCTION

In India, it is expected that in 2022, renewable electricity
would comprise more than 15 percent of electricity generated
in the country. Electricity markets are now expected to take
over the role that Government subsidies have played so far.
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The sharp reduction in tariffs received in bids for solar and
wind power points towards surge in Indian power sector.
Objective of this project under clustered solar agriculture
feeder projectsin Maharashtra scheme is to provide power to
farmersfor at least 12 hoursaday at cheaper rates and to cater
to the agricultural (AG) feeder load of various substations
across the state to provide daytime electricity to farmers.
Currently each unit of electricity is generated at around Rs
6.50 and the cost will come down to Rs 3-3.25.

The farmers of Maharashtrawill get electricity at Rs. 1.20 per
unit. Ensure the cheap electricity for the next three years for
the farmers of the state.

Above project consists separate Agricultural feeders which
feeds electric power to AG pumps consumers and some rural
domestic consumers.

The Plan under this scheme is to achieve 1500 MW through
this scheme which is to be implemented as Ph-l1: 200 MW,
Ph-11: 300 MW, Ph-111: 750 MW and Ph-1V: 250 MW. For
the integration of renewable energy in the grid, means many
new requirements, challenges, issues and risks.

Thisis because the supply of renewable energy, especialy of
solar, is intermittent and variable in nature. Grid operators
call it infirm or even terrorist power.

In this scenario, matching load and generation, maintaining
frequency and voltage, conversion losses and managing
reactive power has become significantly more difficult and
challenging[1]. The challenges are not restricted to system
operators alone.

Transmission utilities need to build significantly more
capacity to evacuate power and avoid congestion. Generators
need to do a better job of forecasting and optimizing
production to avoid pendties and financial losses.
Distributors need more active network management to absorb
new sources of supply (like rooftop power) and manage
demand.

Responding to this evolving trend will require new technical
standards, greater transmission capacity, wide area
monitoring systems, more spinning reserves, flexible
generation, simulation and modeling, proactive demand
management, smart meters, energy storage system, net
metering, new market and pricing mechanisms, etc.
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Fig. 1. L6BMW PV system of Ralegan Siddhi Area

In this paper, a detailed study of 1.6 MW grid connected PV

based solar agriculture feeder project at Ralegan Siddhi,
Ahmednagar, Maharashtra(Figure 1 & 2) was done and
modeling and simulation of this project is done in Matlab
R2019a for ideal output[2]. This paper has been divided into
five sections. Section | comprises of Introduction, Section |1
of PV system description and modeling, section |11 discusses
modeling of the photovoltaic array, Section 1V is all about

Fig. 2. Site photo of Grid Connectivity Line

Maximum power point tracking method used, Section V
discusses simulation and results, Section VI tells us about
conclusion.

[I. PV SYSTEM DESCRIPTION AND MODELING

The main and important components of the system are 1.6
MW photovoltaic array, MPPT, Inverter, Transformer and
Grid. The photovoltaic array is a combination of series and
parallel connected solar panels, the figure 3 describes the
basic block diagram of the system which represents how solar
energy istransferred and is converted into different forms.
Heat and light Energy from the sun is captured by PV array
which convertsthis energy from the suninto electrical energy
which is D.C. in nature so in order to connect this electrica
energy with grid this energy is converted to A.C. so for
D.C/A.C conversion we useinverter, which convertsthisD.C.
supply into three phase A.C with standard frequency and
power factor
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Fig. 3. Block Diagram of PV Grid connected system

after this we use a transformer which increases the voltage
upto the requirement of the grid. Thus block diagram gives us
anideaof how thiswholething is going to take placei.e. solar
grid integration[3].

[Il. MODELING OF THE PHOTOVOLTAIC ARRAY

The panels used here are WAAREE WS260[4]. These panels
are connected in series and parallel to obtain required amount
of power. The electrical characteristics of the panel is men-
tioned in figure 4.

ELECTRICAL CHARACTERISTICS
Model WS-240 |WS-245 |WS-250 |WS-235 |WS-260 |WS-265 |WS-270
Nominal Maximum Power, P,,(W) 40 15 250 255 260 265 n
Power tolerance 0/+5W
Open Circuit Voltage, V, V) 7| w1 | w2 | 33| 34 | W5 | W6
Short Circuit Current, |,.(A) 8.65 881 8.96 9.12 9.27 942 9.58
Voltage at Maximum Power, Vo, (V) 06 | 307 | 308 | 09 i 305 | 3Ll
Currentat Maximum Power, |,,(A) 785 | 789 | 812 | 826 | 833 | 854 | 869
Maximum System Voltage (V) 1000
Module Efficiency(%) 1478 | 1509 154 1571 | 1601 | 1632 | 1683
Maximum Series Fuse Rating(A) 15 15 15 15 15 15 15
Limiting Reverse Current{A] 15 15 15 15 15 15 15
*Under Standard Test Conditions(STC) of 1000W/m’ irradiance, AM L5 spectrum and 25° C Cell Temperature

Fig. 4. Electrical Characteristics of PV Panel

Power variation can occur due to change in weather condi-
tionsor dueto load variations. By proper study of temperature
and irradiance throughout the year[ 5], related valuesare given
asinput in Matlab2019A as shown in figure 5.
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IV. MAXIMUM POWER POINT TRACKING
METHOD (MPPT)

The output power from solar panels is not constant and it is
not possible to get maximum power output always as many
factors effect power such as solar radiation, ambient
temperature and solar cell temperature. so to extract
maximum power, MPPT is used. MPPT is an algorithm that
includes charge controllers to extract maximum available
power from PV modules under al conditions by making them
operate at the most efficient voltage i.e maximum power
point[3]. This can be achieved by two methods which are
Incremental Conductance and Perturb and Observe
method[9]. Here, in MPPT Perturb and Observe method is
used which is easier to implement in which the voltage is
increased by small amount from array and measures power, if
the power increases then further adjustment is made in that
direction until power stops increasing and agorithm of
Perturb and Observe is shown in figure 6.

Measure V(K) & I(k]

| Calculate Power BK]=V (k) *I(k] ‘
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Fig. 6. Flow chart of Perturb and Observe M echanism of
MPPT

V.SIMULATION AND RESULT

The 1.6 MW PV array is connected to a11 KV grid, The DC
voltage generated are boosted and send to Inverter, the
inverter convert them around 800 V which is primary to
transformer which step-up it to 11 KV which is connected to
grid.
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Fig. 7. 1.L6BMW Ralegan Siddhi PV systemin MATLAB
Simulink
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Fig. 8. DC voltage and power values of Simulink

The total Simulink DC output voltage of panels comes
between 2000V and 3000V and total DC power fluctuates
around 5000KW(figure 8). The grid injecting AC power
fluctuates around 5500 KW as shown in figure 9 where asthe
site inverter output(figure 10) shows lesser values which is
quiet low and the system is not upto the mark.
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Fig. 9. Grid Injecting Power

Power quality parameters have been measured for half an
hour duration sample at solar low irradiance at the output of
PV site by using Fluke Power Analyzer[9]. Voltage is fairly
sinusoidal but current is not (figure 11 & 12). As per |IEEE
519, 2014 voltage harmonics were found within limit. (figure
13).
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Current harmonics TDD is less than 5% but 5" harmonics is
morei.e. 12.407% (figure 14).
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Fig. 11. Output voltage waveform connected to grid
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Fig. 12. Output current waveform

The current harmonics here are caused not only by loads of
electrical pumps but also due to Inverter/converters of input
side. Therelation between AC current harmonic multiplesand
a P-pulse converter is

h=PN+1, whereN=1, 2, 3...
and P isan integer multiple of 6

for example a six pulse converter can generate 5" and 7"
current harmonics and harmonic current is inversely
proportional to increasing order of harmonics.Similarly
frequency & voltagelevelswithin permissible limit analysisis
also done.
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Fig. 13. Voltage Har monics measur ed by Fluke Power
Analyzer

Retrieval Number: C8634109320/2020©BEIESP
DOI: 10.35940/ijitee.C8634.029420
Journal Website: www.ijitee.org

75

Although few power quality parameters are within limit but it
is recommended to have minimum one day / one week
analysiswith class A power quality analyzer.
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Fig. 14. Current Harmonics measured by Fluke Power
Analyzer

V1. CONCLUSION

The site location been in the vicinity of 5 km radius from the
22/ 11 KV substation and substation consists separate Agri-
cultural feeders which feeds electric power to AG pumps
consumers and some rural domestic consumers. Matching
generations with load, maintaining frequency and voltage,
im-proper earth values and managing reactive power has
become very much difficult and challenging. Discoms need
more active network management to absorb new sources of
supply and existing (with addition load than sanction load) to
manage demand. So from our analysis point of view to
mitigate above mentioned challenges
connectivity(evacuation) must be at 22 KV or 33 KV level so
that reliability of supply with strong protection system to
regular persistence/ transient faults can be provided than that
at 11 KV level. Also considering geographical and climatic
conditions of Ahmednagar, Maharashtra, India, (19.1N 74.8E
) tentative total Power Generated from proposed 1500 KWp
solar plant will be (Units in 25 years), with allowable
degradation: 3,90,00,000. But due to faults/breakdowns,
power generated will be around 1,05,66,000. SPV module
conversion efficiency should be equal to or greater than 16%
under STC which is facing problems due to continuous
breakdowns / tripping of feeder. Reasons behind this is
adequate loading of feeder is necessary i.e. (feeder loading
must not be more than 75% of total capacity). Also heavy
initial inrush current due to single phasing feeder requires
proper designing of protection and relying system. This
resultsalso in inverters used at the low end of their maximum
power thus are less efficient. Also high level pulse inverters
must be utilized to reduce 5" harmonic. Hence also from
MPPT point of view critical analysis of system design for
agriculture feeder is necessary for reliable and quality power
injection into utility grid, which can be possible by modeling
and simulation (Matlab) techniques so that Scalability of pilot
project under clustered solar agriculture feeders policies can
be implemented affectively.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



OPEN aACCESS

REFERENCES
1.

SF.Lanjewar , “Solar Power Scenario in India and Case Studies” All
India Seminar on GREEN ENRGY AND CHALLENGES OVER
SMART GRID(with International participation) in association with
IEEE(Nagpur Sub-Section)10th and 11th March 2018.

Jawairia Atig, Prashant Kumar Soori, "Modelling of a Grid Connected
Solar PV System Using MATLAB/Simulink" International Journal of
Simulation: Systems, Science and Technology, March 2017, 41-45.
Mihir Pathare, Vimith Shetty, Diptarka Datta, Rajeev Valunjkar,
"Designing and Implementation of Maximum Power Point
Tracking(MPPT) Solar Charge Controller" 2017 International
Conference on Nascent Technologiesin the Engineering Field
(ICNTE-2017).

“Aditya Series Poly WAAREE Datasheet”,
https.//www.waaree.com/aditya-series-250Wp-380Wp
"Detail Project Report (DPR) for Grid connected PV Solar Power
Generation Plant at Ralegan Sidhi” by Maharashtra Energy
Development Agency.

W. Shen, Y. Ding, F. H. Choo, P.Wang; P. C. Loh and K. K. Tan,
"Mathematical model of a solar module for energy yield simulation in
photovoltaic systems” 8" International Conference on Power
Electronics and Drive Systems, pp. 336-341, 02-05 Nov. 20009.
Abhinav Tripathi and Kishan Bhushan Saha ,"Modeling and Simulation
of Proposed Grid Connected 10 MW Solar PV Array Power Plant at
Lucknow" 1st IEEE International Conference on Power Electronics,
Intelligent Control and Energy Systems (ICPEICES-2016).

N. Pandiarajan and Ranganath Muthu, " Mathematical Modeling of
Photovoltaic Module with Simulink", International Conference of
Electrical Energy Systems (ICEES), Jan 2011.

“Fluke 434/435 Three Phase Power Quality Analyzer users manual”,
April 2006, rev.3, Dec. 2008, Available:
http://assets.fluke.com/manuals/434_435_umeng0300.pdf ?

Available:

AUTHORSPROFILE

Mr. Jithin C.J is an Electrical Engineer working as
Project Officer in Maharashtra Energy Development
Agency in Wind, REC, RPO and R & D Department and
heiscurrently pursuing Mastersin Power Electronics and
Drives from AISSMS IOIT College, Pune, Maharashtra.
His fields of interest are Renewable energy and energy
storage systems.

Dr. Nilesh B. Rohankar is an Electrical Engineer with
Ph.D. in Energy Business Management. He completed his
engineering from AISSMS COE. Currently heis working
as Deputy Executive Engineer in Maharashtra State
Electricity Distribution Company Ltd. and is currently

pursuing Masters in Power Electronics and Drives from AISSMS IOIT
College, Pune, Maharashtra.

[a

The author, Dr. Shashikant Madhukar Bakre
completed his engineering education -Bachelor of
Engineering from Nagpur University, India and Master
of Engineering from Pune University, India. He
completed management education, Master of
Management Studies from Pune University. He received
his Ph.D. from Bharati Vidyapeeth, Pune, Indiain Electrical Engineeringin
the year 2011.

He has a vast experience of teaching various subjects in Electrical
Engineering, Information Technology and Management at the institutions
namely Symbiosis Institute of Business Management (S.1.B.M.), Cusrow
Wadia Ingtitute of Technology (C.W.I.T.) and Ingtitute for Studies in
Technology and Management (1.S.T.M.).

His publications include “Object Oriented Programming and Basic Java”,
“Object Oriented Analysis and Design “and four books on Information
Technology. His eBook entitled “How to manage your Supply Chain®,
“Electrical harmonics” and "Electricity metering in easy steps", “How to run
your Java programs on smart phone” have been published recently.

He has worked as Superintending Engineer in Maharashtra State Electricity
Transmission Co. Ltd. At present he is working as Professor in Electrical
Engineering Department at AISSMS IOIT, Pune.

Mr. Sachin V Shelar, is currently working as Assistant
Professor in the Department of Electrical Engineering at
AISSMS’s Institute of Information Technology. He has
over 18 years of teaching experience and 3 years of

Retrieval Number: C8634109320/2020©BEIESP
DOI: 10.35940/ijitee.C8634.029420
Journal Website: www.ijitee.org

76

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-9 | ssue-4, February 2020

industrial experience. He has published 18 papers a national and
international level and has authored 3 books on design of electrica
machines. His areas of interest are Reactive Power Management, Power
Quality, and Energy Conservation. Heis offering consultancy in the areas of
Reactive Power, Power Quality and Energy Conservation. He received his
Bachelor of Engineering (Electrical) degreein 1998 from University of Pune
and Master of Engineering (Power System) from College of Engineering
Punein 2004.

Mrs. Ashpana Shiralkar is a doctora student in the
PhD program in Electrical Engineering at College of
Engineering, Savitribai Phule Pune University (SPPU),
Pune (India). Her research focuses on robust control of
Electro Hydraulic Servo System. Ashpana is Head of
Department, Electrical Engineering, AISSMS’s Institute
Information Technology, Pune at SPPU. She has total 18 years of

of
teaching experience. She has authored a few peer-reviewed conference and

journal papers.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.waaree.com/aditya-series-250Wp-380Wp
http://assets.fluke.com/manuals/434_435_umeng0300.pdf

