A
Project Report
on

Grid Interfaced Photovoltaic System

Submitted in partial fulfilment of the
requirement for the award of the
Degree of

BACHELOR OF TECHONOLOGY

In
ELECTRICAL ENGINEERING
by
Ankit Sharma (1615101018)
Arbaz Ali (1415103003)

Under the Guidance of
Dr. Gitanjali Mehta
(Assistant Professor, Electrical Engg.)

GALGOTIAS

UNIVERSITY

SCHOOL OF ELECTRICAL, ELECTRONICS AND COMMUNICATION

ENGINEERING
May, 2020




DECLARATION

We declare that the work presented in this report titled “Grid Interfaced Photovoltaic System”,
submitted to the Department of Electrical, Electronics & Communication Engineering, Galgotias
University, Greater Noida, for the Bachelor of Technology in Electrical Engineering is our original
work. We have not plagiarized unless cited or the same report has not submitted anywhere for the
award of any other degree. We understand that any violation of the above will be cause for

disciplinary action by the university against us as per the University rule.

Place:
Date:

Signature of the Student

Ankit Sharma (1615108696)

Arbaz Ali (161510505)




School of Electrical, Electronics and Communication Engineering

CERTIFICATE

This is to certify that the project titled “Grid Interfaced Photovoltaic System” is the bonafide
work carried out by Ankit Sharma, Arbaz Ali students, during the academic year 2019-20. We
approve this project for submission in partial fulfilment of the requirements for the award of the

degree of Bachelor of Technology in Electrical Engineering, Galgotias University.

Mrs. Gitanjali Mehta
Project Guide(s)

The Project is Satisfactory / Unsatisfactory.

Internal Examiner (s) External Examiner

Approved by

Dean

ACKNOWLEDGEMENTS




We thank the department of Electrical & Electronics Engineering for giving us the opportunity
to implement this project, which is an integral fragment of the study plan in the Bachelor of
Technology program at the University of Galgotias, Greater Noida.

We would like to express our heartfelt gratitude and regards to our project guide who guided us
Mrs.Indu Bhardwaj, Assistant Professor, School of Electrical, Electronics & Communication
Engineering for his unflagging support and continuous encouragement throughout the project.
Special thanks to our Dean Dr. Baibaswata Mohapatra School of Electrical, Electronics &
Communication Engineering for giving us all the opportunities and the guidance and always
encouraging us to do the best work and provide us the environment to innovate the new ideas.
We are also obliged to the staff of School of Electrical, Electronics & Communication
Engineering for aiding us during the course of our project. We offer our heartiest thanks to my
friends for their help in collection of data samples wherever necessary. Lastly we want to
acknowledge the contribution of our parents and family members, for their constant and never

ending motivation.

ANKIT SHARMA

ARBAZ ALI




ABSTRACT

Sunlight based sustainable power source gathering is the interest of the century in light of the giganti¢
vitality necessity of the present reality. India being a home to an immense populace observes high Incident
Solar radiations consistently. Arranging has been made to deliver in any event 20 Gigawatts of top notch
sunlight based force continuously 2020. Vitality collected from the sun is a fundamentally a significant
source yet at the same time most it part goes unutilised in Indian subcontinent despite the fact that being
a tropical district. The primary hindrance for the wide use of sun based Photovoltaic frameworks is their
effectiveness which is extremely low (20-25% for single precious stone 10-15% for polycrystalline and
3-5% for shapeless silicon sun based cells [1]) and significant expense of assembling. In fundamental goal
behind the work in this proposal lies in extricating most extreme harvestable force from a Photovoltai¢
module and utilize the vitality for a DC application just as the network association of the created power
with the goal that the excess force unutilised in the heap can be moved to the lattice. Greatest Power Point
Tracking (MPPT), utilization of Boost converter and the significance of scaffold inverter have been the
fundamental examination in this task. Likewise the network association alongside gracefully to a threg
stage load utilizing span inverter and PWM has been appeared. First SIMULINK programming is utilized
to display the photovoltaic cell. At that point MPPT interfacing is finished with a lift converter and
resistive burden lastly through an inverter associated with the 3 stage framework. The sum total of what

recreations have been done in SIMULINK programming.
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1. INTRODUCTION

1.1 Requirement of the Renewable Energy

Tides are the diverse origin & wellsprings of sustainable power resource, daylight, downpour,
geothermal vitality & wind. All of the above mentioned assets can be normally recharged &
never leave any waste material. Mostly all of the equipments which we are using depend upon
the petroleum or the diesel or the products derived from the heart of the mother Earth which is
slowly getting exhausted from the earth stockpiling not at all like these sustainable assets which
are limitless in our environment. Along with the passage of instant & continuous advancement
of the individuals around the globe are now looking & searching for renewable hotspots for
satisfying their needs & requirements which can be used for the longer duration of instant.
Growing rapidly & quickly exploring populace & developing utilization & growing
dependence on petroleum product the contamination caused to nature additionally increments
, thus there is an earnest requirement of Neat, Clean & Green methods which are dg/dtly
prevalently embraced in all the countries & throughout the world. The polished as well as
without contamination utilization makes this sustainable power source an asset that can be
pulled in the present instant & consequently a huge amount of money is in speculation with a

target for reaping these assets.

1.2 Solar Power

Various wellsprings which consist of this supportable force source are tides, light, storm,
geothermal essentialness & wind. These benefits can be ordinarily energized & never leave any
waste behind them after use. This main wellspring consisting essentialness nowadays arrives
directly or by suggestion from oil based commodities. These commodities are continuously
getting drained under the earth storing not in the slightest degree like these supportable assets

those are perpetual in environment. During the lapse of instant & progression humans far &




wide are continuously indulging themselves in filtering of renewable hotspots of lengthy stretch
fulfillment of their key imperativeness requirement. The fast extending population & creating
usage of oil based good the sullying caused to nature furthermore augments; accordingly we
need a sincere Green Mechanisms which is polished & neat which should be accepted by all
the countries throughout this planet. A polished & no defilement usage of this economical force
source is what pulled in the present earth & therefore the gigantic amount of money & labor is

hypothesis are continuously cultivated with a goal of reaping these benefits.

Power hardware & matter science had already assisted the specialists in bursting in extremely
concise format & in ground-breaking frameworks. The exp&ed force thickness is the
significant disservice of these frameworks. Pattern had already been arranged with the purpose
of utilization of various-insert articles which are convertible those are adequately dealing with
a potential vacillations. Be that as it may, because of high creation price & low proficiency of

those frameworks which barely contend within serious trade as a primary force age source.

This steady increment within improvement in sun powered batteries fabricating innovation will
utilize these advances conceivable on a more extensive premise than what the situation is by &
by. The utilization of the freshest force control components also known as Maximum Power
Point Tracking (MPPT) calculations is prompting an expansion within effectiveness in the
activity which was sunlight based element & in this manner is viable inside a domain of use of

sustainable wellsprings for usage.

Change in solar oriented vitality was developed in Britain by stargazer named as John

Herschel this lad broadly utilized a sunlight based warm authority container with a goal to
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prepare meal while being in Africa. Sunlight based vitality had 2 significant employments.
Right from a bat, the caught warmth can be utilized as sunlight based warm vitality, which has
a usage in warming the space & the area. Other option available that is change in occurrence
of sun powered emission having an electrical exuberance; this is type of vitality which is highly

used. That can also be accomplished with the assistance of sun powered PV batteries.

1.3 MOTIVATION

Power control which is photovoltaic is the most propelled inquire about these methods these

days. Experts are indulged in giving the good in developing better sun based battery assets & viable

controlled frameworks. Another forefront provocation which prevails in the assignment, latest

development studies represents the motivations driving an endeavor.

1.4 OBJECTIVE

The fundamental spotlight would remain & will continue to effect the Maximum Power Point
Tracking & weight organizing & it has been executed by using the Simulink models. With the
target of getting the most outrageous power tip movement, an exhibiting module of PV, bolster
rectifier, plan of the separate Pulse Width Modulator generator & expansion inverter equipment
inside the Simulink & that has been interfaced with an MPPT count is the main asset of our

project.
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2. LITERATURE REVIEW

The sun oriented board is able to change over just 40-50% episode vitality on it to valuable
electrical vitality explore show that the efficiencies of different kinds & makes of sun powered
board fluctuates from 3% to 25 % . In this way so as to build the force yield of the PV
framework there is a need of different calculations & following frameworks. There are various
procedures for MPPT, for example, Hill climbing strategy , Fractional Short Circuit

Dg/dt, Incremental conductance, Neural Network Control(NNC), Fractional Open Circuit
Potential(FOCP),

& so on. Straightforwardness in usage & brief span in activity made Perturb & watch &
Incremental conductance calculations mainstream. Various Economy related factors
additionally assume the significant job in utilizing P&O in light of the fact that they are less
expensive. Gradual Conductance has a bit of leeway over P&O calculation this is the point
where a surprising alter in climate & Insulation stage that is where the Maximum force tip
alters the nonstop premise P&O ascertains an inappropriate estimation of MPP on the grounds
that it recognizes it as an irritation change which is kept away from to an enormous degree in
IC strategy since two examples of potential is selected. In any case, with a motive to
counterbalance a maximum productivity criteria of the Integrated Circuits & the character of
maximum multifaceted nature when contrasted with P&O help the usage cost by an obvious
edge. Intricacy & effectiveness must be made due with a trading off equalization. Another
outstanding scene is that the type of converter which is utilized additionally influences
productivity to the level gigantic degree. Buck type topography remaining at the highest
priority on the rundown, trailed by buck-help converter & lift topology abode at the curtailed
end. Although creating the matrix association one needs to likewise deal with the inverter &
burden necessity & the sort of source associated with maintain a strategic distance from
misfortunes & music which may harm the PV framework itself. Sunlight based vitality catch
& gather is continuing to be a spotlight of development from the era when Albert Einstein

found the phenomena of Photoelectric effect & won the Nobel Prize in material




science 1905. A substance Einstein utilized with a goal to make an analysis was essentially
selenium rounded in dainty Au barrier. In any case, after that a great deal of specialists has been
assembling their evenings & days for additional mechanical improvement in the field sunlight
based vitality around the world. From silicon sun based batteries to gallium arsenide, Cadmium
sulfide-Cadmium tellurides substances are utilized for assembling reason. Aside with a target
of equipment betterment scientists have likewise thought of advance hardware & sensible
activities for exp&ing the general productivity. Subsequently MPPT calculations were created
which improved the proficiency as well as gave a powerful control instrument to the entire

framework.




3. Modeling of Photovoltaic System

PV System Components:-

Photovoltaic cell (PV cell)

The photoelectric battery/ photovoltaic battery comes under the class of semiconductor gadget
essentially a p-n intersection diode which generally changes over light to electrical vitality by
photovoltaic impact. At the point where the bundles of energy (photon) particles of light which
is consisting of vitality more noteworthy as compared to band hole of the electron which is
valance is besieged with an intersection e gap sets is produced then it later gets followed up on
by interior electric field bring about a photo dg/dt. Photovoltaic battery is essentially the present
source where dg/dt is delivered with the help of variety of bundles of energy also known as

photons & not the potential.

PV module

This module comprises with an enormous amount of P batteries organized under an
arrangement or equal & the blend of duo to satisfy a utilization need. Photovoltaic elements of

different elements & upgraded efficiencies & of wanted size are accessible inside markets.

PV modeling

Regularly the sunlight based cells should be displayed by the present, medium and an altered
diode associated in corresponding to it. The Photovoltaic cells has endemic arrangement &
deter opposition. Arrangement obstruction are because of the diode resistance (of the mass
material) & opposition of metal connections though equal obstruction speaks to the electron(e”-

) gap rrcrimination before the arrives at the heap.




Fig a:- Model of a PhotoVoltaic cell having single diode

The producer source (I) with a diode & arrangement obstruction (Rs) is thought of. The deter
obstruction in equal is extremely more, has an immaterial jolt and can be ousted. The yield

dg/dt from the PV cluster can be shown as

I=lsc — Iq equation 1

lg=lo(edV¥*T-1) equation 2

Here, lo is a reverse saturation dg/dt in a diode, q is the e charge, Vg is the potential along a
diode, k is Stefan Boltzmann constant (1.38 * 10-19 J/K) and T is the junction temperature
which is measured in Kelvin (K)

I=1c-lo(eVHKT-1) equation3
With the assistance of nearness,

I=1gc-lo(A(VHIRSINKT_ 1) equation4

Where, | is the PV cell dg/dt, V is the PhotoVoltaic cell potential, T is the thermal reading
/temperature (in Kelvin) furthermore, n is the ideality factor of a diode. With a request to show
a sun oriented board precisely it should also be utilized with 2 diode models however in this

undertaking we had an extent of studying which was restricted to a model of single diode.
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Fig b:- Simulink model of a photovoltaic panel which is masked

Fig b:- Masked simulink model of a photovoltaic panel
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Figure g(a):- Dg/dt (Y axis) - Potential(X axis) characteristic plot of solar panel,
Figure g(b):- Power(Y axis) - Potential(X axis) characteristic plot of solar panel.

Boost Converter

A significant impediment of the Buck type converter is like a button is at the yield of
PhotoVoltaic board so when it is ON it moves energy however when Off no yield to the
PhotoVoltaic board happens that suggests a working tip stays close to an open circuit potential
which is a misfortune. That point isn't there in help converter component. It is in a lift converter
the load coordinating is finished by changing the obstruction of the info side by modifying the
Duty proportion for which a DC to DC converter is necessary. Fundamentally it is known as

Tracking. One more reason for utilizing a Boost controller despite the way that it has a lower

productivity than its partners.
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MPPT Algorithms (Maximum Power Point Tracking Algorithms)

An overview of MPPT

An effectiveness of the Solar Photovoltaic element is estimated is not to get over 40%. When
observed with an energy versus Potential bend the module needs a work at a particular scope
of potential esteems so as to separate greatest force hence production got improved. The
Maximum Power Transfer Theory says that most extreme force are separated within the source
when the heap impedance coordinates the source impedance. There are fundamentally three
strategies in infering top force activity electrically. The main strategy is by estimating dV/dI
i.e, the dynamic impedance by infusing an intermittent sign dg/dt & expanding the working
potential till that approaches the stationary impedance V/I. The subsequent technique is by
expanding the working potential until dP/dV is certain. In the vast majority of the batteries a
proportion between the most extreme force potential & open circuit potential is kept up &
tentatively saw as close to 0.72.in the third technique this thought is the key for Maximum

power point Tracking (MPPT). From the discussed strategy what we can deduce is that our
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fundamental intention can be accomplished by coordinating interruptions by obligation cycle

change of the lift converter switch & get higher estimation of yield potential. Perturb & Observe

Bother & Observation one among the basic procedure which utilizes the potential sensing
device, for detecting the potential of Photovoltaic cluster potential that lessens a usage price &
subsequently simple in working. About the calculation it had a least instant of unpredictability
yet whenever that arrived at near the most extreme force tip it annoys the dual bearings
ceaselessly. A proper blunder of border is required to be set up or a hold up capacity can be
included when MPP is arrived at accordingly expanding the instant

unpredictability of the calculation.
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Fig k:- (P&O algorithm ) Perturb & Observe Algorithm:-
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Fig I:- Model of MPPT using P&O algorithm (a)masked & (b)unmasked
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Juxtaposition between a Power outcome of a 2 models first one without
Maximum Power Point Tracking & second one with Maximum Power Point

Tracking and Boost Converter
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Fig t:-Power outcome - instant of the PV model (a) without Maximum Power Point Tracking
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Fig. x:- Plot of (i) dg/dt & (ii) Potential outcome from Boost Converter of the Solar Cell vs
instant
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Fig. y:- Plot of (i) Potential outcome within PWM generator & (ii) dg/dt Output from Grid
connection with respect to instant
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Fig. z:- Maximized draw of (i) Potential result obtained with PWM generator & (ii) dg/dt result
from the Grid connection with respect to instant (0.25s to 0.2005s)
4. CONCLUSION & FUTURE WORK

4.1 CONCLUSION

A no-heap potential & a little out electricity from sun oriented element is nearly with a range of
95V & 12.6 A separately. Forces yield of an element, with the use of impervious heap of 1.1 Q
was utilized was determined about 150W. With the subsequent interfaced MPPT & lift converter
a Direct Dg/dt energy removed & it took a rise to 310W. A recurrence in activity is 11 Kilohertz
that is decided with utilizing a rehashing with a generator which is of saw tooth type. With a
motive of producing a beat wave the rehashing arrangement generator is utilized inside MPPT
to give entryway heartbeat for an IGBT. the little alter inside an episode sunlight based emission
adjusts a situation within the extremely tip inside the battery bend therefore the obligation cycle
must be continually changed as per the sun oriented occurrence emission. Utilization with a
consistent estimation of Duty proportion would convert a framework least productive in a
pinnacle power tip will never allowed to follow. The 3 stage Load within the Phase towards
stage Y ostensible stage towards stage potential 305V with ostensible recurrence the 505 Hertz,
the dynamic force utilization 0.0001 W is utilized. A 3 stage source is considered as 250V stage
towards stage & recurrence in 60 Hertz. Sort during the source is additionally Y grounded. The

yield of the lift converter is taken care of to the all inclusive extension that demonstrations like
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an inverter hardware. The separate Pulse Width Modulator generator is used to give activating
sign to the inverter. A sinusoidal 3 level electric like structure having top estimation which is
nearly about 40Ampere is acquired. Matlab & Simulink have been utilized for different plots &
worth diagrams. The waveforms acquired from the Simulink models have been appeared for
correlation. Little estimations about mistake were yet showing up in the bends bookkeeping to
control misfortunes (for the most part exchanging misfortune or misfortune in the lift converter

hardware primarily because of misfortune inside a condenser or choke.

4.2 FUTURE WORK

Work which are planned in future to this undertaking incorporates an expulsion of music [12]
within a lattice association framework just as activity of the PV framework in factor ecological
& states of resembling change in sun based light or unexpected modifying in environmental
febricity. A progress can be made by upgrading a vitality trade within a nearby electrical
network so as in settling the vitality bend. Plans are progressively summed up sun oriented cell
with variable contributions of occurrence sunlight based radiation & climatic temperature can

be planned utilizing Simulink rather than predefined steady qualities.

25




REFERENCES

1. Villalva, Marcelo Gradella, & Jonas Rafael Gazoli. "Comprehensive approach to modeling
& simulation of photovoltaic arrays." Power Electronics, IEEE Transactions on 24.5

(2009): 1198-1208.

2. Sridhar, R., et al. "Modeling of PV array & performance enhancement by MPPT

algorithm." Int J Comput Appl 7.5 (2010): 35-39.

3. Zainudin, Hairul Nissah, & Saad Mekhilef. "Comparison study of maximum power point

tracker techniques for PV systems.™ (2010).

4. Kim, Katherine A., & Philip T. Krein. "Photovoltaic converter module configurations for
maximum power point operation.” Power & Energy Conference at Illinois (PECI), 2010.

IEEE, 2010.

5. Tsai, Huan-Liang, Ci-Siang Tu, & Yi-Jie Su. "Development of generalized photovoltaic
model using MATLAB/SIMULINK." Proceedings of the world congress on Engineering
& computer science. VVol. 2008. Citeseer, 2008. Science 2008 WCECS 2008, October 22 -

24, 2008, San Francisco, USA.

6. Berrera, M., et al. "Experimental test of seven widely-adopted MPPT algorithms."
PowerTech, 2009 IEEE Bucharest. IEEE, 2009..

7. Revankar, P. S., A. G. Thosar, & W. Z. G&hare. "Maximum power point tracking for PV
systems using MATALAB/SIMULINK." Machine Learning & Computing (ICMLC), 2010
Second International Conference on. IEEE, 2010.

8. KumarVerma, Arun, Bhim Singh, & S. C. Kaushik. "An Isolated Solar Power Generation
using Boost Converter & Boost Inverter.” Proc. National Conference on Recent Advances

in Computational Technique in Electrical Engineering, SLITE, Longowal (India). 2010.

26




9. Kalirasu, Athimulam, & Sekar Subharensu Dash. "Simulation of closed loop controlled
boost converter for solar installation.” Serbian Journal of Electrical Engineering 7.1
(2010): 121-130.

10. Onat, Nevzat. "Recent developments in maximum power point tracking technologies for

photovoltaic systems."” International Journal of Photoenergy2010 (2010).

27




11. Jain, Sachin, & Vivek Agarwal. "A single-stage grid connected inverter topology for solar
PV systems with maximum power point tracking." Power Electronics, IEEE Transactions
on 22.5 (2007): 1928-1940.

12. Calais, Martina, et al. "Inverters for single-phase grid connected photovoltaic systems-an
overview." Power Electronics Specialists Conference, 2002. pesc 02. 2002 IEEE 33rd

Annual. Vol. 4. IEEE, 2002.

28




