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ABSTRACT

Renewableenergysourcesareenvironmentfriendly.So
theyarereliablealternativestofossilfuels.Amongall
renewableenergyresources,solarenergyisabundantly
available and installation of solar plant is easy
comparedtoothers.Inphotovoltaic(PV)basedsystem
DC/AC converterplaysimportantrole.Inthispaper
DC/ACconverterisdesignedwithitscontroltodeliver
qualitycurrentintothegrid.Toextractmaximum power
fromPVcellmaximumpowerpointtechnique(MPPT)is
used.SolarradiationdataofAurangabadcityistakento
design the rating ofphotovoltaic system.The grid
connectedDC/ACinverterisdesignedandimplemented
inMATLAB/SIMULINKenvironment.
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1.INTRODUCTION

Nowadaysalongwithfood,clothandshelter,electricity
becomesthebasicneedofhumans.Daybydayenergy
demandisincreasingbutatsametimeconventional
energysourcearevanishing.Sosearchinganalternative
toconventionalenergysourcesisaneedoftime.In
Indiasolarenergyisavailableinabundancearound
5100kWhofenergyisradiatedperyear.Thussolaris
potentialsourcetomeetthethirstofenergydemand.
Photovoltaic cellis used to convertsolarradiation
energyinto electricalenergy[1].To obtain desired
powerandvoltageratingPVmodulesareconnected
intoseries-parallelconnection.
Theincreaseininstallationofrooftopgridconnected
solarsystem isduetosupportandincentivesprovided
bygovernment.Along with solarplant,wind power
plantsarealsoincreasing.Hybridsystem ofsolar-wind
canbestudied[2].AstheconnectionsofPVsystems
with grid are rising significantly,the impactofPV
system ongridcannotbeignored.PVsystem canaffect
gridadverselysuchasbyinjectingmoreharmonicsor
byreducingstability.HencedesignofDC/ACconverter
isimportant.Theshapeofoutputwaveform ofDC/AC
converterisdependsonhowtheconductionintervalsof
power electronics switches are controlled [3].By

implementingproperPWM techniqueand

currentcontrolstrategy,qualityofinjectingcurrentcan
beincreased.Theblockdiagram(figure1)ofthesystem
isshownbelow:

Figure1:System BlockDiagram

2.PVARRAYMODELLING

APVcellisPNjunction[4].Whensolarradiationsfallon
a PV cell,electron-hole pairs are produced.The
equivalentcircuitofsinglediodePVcell(figure2)is
shownbelow.

Figure
2:EquivalentCircuitforPVCell

WhereIDisdiodecurrentwhichcanbecalculatedusing
followingequation.

(1)
Rs and Rp are the series and parallelresistances
connectedacrossdiode.Iphistheshortcircuitcurrent
ofPVcell.IcellandVcellareoutputcurrentandvoltageof
PVcellrespectively.Toobtaindesiredvoltagefrom PV
system,PVcellsareconnectedinseriesparallelmanner
asshowninfigure3below:
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Figure3:Series-ParallelConnection

Inthispaper,PVsystemisdesignedforloaddemandof
850KWh/dayandirradiationdataofAurangabadcity
(19o53|N75019|E)istaken[5].

Table1:Monthlyaverageinsolation(kWh/m2/day)

Month Jan Feb Mar Apr May June
Insolation 7.29 7.24 7.30 6.70 6.36 3.97
Month July August Sep Oct Nov Dec
Insolation 2.88 2.63 4.05 5.68 6.63 6.84

Therequiredenergyshouldbemorethandemand.To
avoidundersizingofsystem multiplydemandby1.3.
Earray=averageenergyconsumptionperday*1.3 (2)
Earray=850*1.3=1105kWh

Nowpowercanbecalculatedbyusingequation(3)
P=Earray/solarisolation (3)

P=1105/5.63=196.26KW

PVmoduleof200KW isdevelopedinMATLABusing
NRELmodules.ThemoduleusedinsystemisSunpower
SPR-415EWHT-D.TheV-IandP-VcharacteristicsofPV
arrayisshowninfigure4below.

Figure4:(a)V-ICharacteristics(b)P-VCharacteristics
3.MPPTALGORITHM

Maximum powerpointtracking(MPPT)isessentialin
solarpowersystem.Itisusedtoextractmaximum

amountofpowerfrom PV cell.Therearedifferent
algorithm for MPPT like Perturb and Observe,
Incrementalconductance,fractionalopencircuitand
shortcircuit,fuzzylogiccontrolandNeuralnetwork
MPPT.Butamong allthese technique Perturb and
Observeiswidelyusedmethodbecauseofitssimplicity
andefficiency[6-7].
TheflowchartofP&O MPPT techniqueisshownin
figure5below.

Figure
5:FlowchartofP&OTechnique

InthistechniquevoltageandcurrentofPVcellistaken
as input and as per flowchart conditions output
capacitorlinkvoltagechanges.

4.CONTROLSTRATEGYFORINVERTER

ThecontrolisrequiredforDCsideaswellasACside.
DCsidecontrolisdonebyusingMPPT.ForACside,
inverterdealwithgrid.Sogridsynchronizationcomes
intopicture.Thusinjectingcurrentwithtotalharmonic
distortionwithrangespecifiedbyIEEEstandards,grid
synchronization and powerfactorare issues faced
during invertergrid connection.InMATLAB forgrid
synchronizationPhaseLoopLock(PLL)blockisused.
Toperform controloperationthreephasequantitiesare
convertedintodqframe.

Figure6:abctodq0inMATLAB
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Inproposedcontrolsystem,threephasevoltagesand
currentsareconvertedintodqframe.Twoloopsare
used,oneisvoltageloopandanotheriscurrentloop.By
comparingreferencevoltageobtainedbyMPPT and
measuredvoltage,wegetcurrentreference.Theerror
obtainedbycomparingreferencecurrentandmeasured
currentispassedtoPIcontroller[8-10].Thenobtained
Sinusoidalwave is compared with high frequency
triangularwavetogeneratepulsesforDC/ACconverter.

5.SIMULINKMODELANDRESULT

Figure7:SimulinkModel

Insystem designed,200KW capacitysolarPVarrays
are connected to grid at66 KV.Outputvoltage of
inverterisincreasedupto66KV byusingstepup
transformer.Lfilterisusedforharmonicreduction.
Modelis checked atvarying solarirradiance with
constant temperature of 450C and it is working
smoothly.Currentandvoltagesareinphase.

Figure8:PowerGeneratedatdifferentirradiance

Figure9:(a)GridVoltageandGridCurrent

Figure10:PowerDeliveringtoGridinKW

Figure11:TotalHarmonicDistortion

6.CONCLUSION

Inthispaper,MATLABmodelingofDC/ACconverteris
done.Solar is not a constant source of energy
throughoutyear,soinsimulation,solarirradianceis
changedfrom1000w/m2to600w/m2andobservedthe
result.Asenergysectorismovingtowardsrenewable
energysources,itis importantto develop efficient
powerelectronicsdeviceslikeinverter.Thefuturescope
fortheprojectistoreducethecostofPVpanelsalso
developsandimplementsdifferentPWM techniqueson
inverter.
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