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ABSTRACT

Solarenergyhashugepotentialandoffersasolutiontofulfillthedemandforenergyandreduce
fossilfuelemissions.Anefforthadbeenmadeforassessingtheeffectsofdustaccumulationand
ambienttemperatureonmoduleconversionefficiencyof62KWpgridconnectedrooftopsolarplant.
Theperformanceparametersincludingopen-circuitvoltage,maximumvoltage,short-circuitcurrent,
maximumcurrent,etc.werecollectedandpermittingforusualdustaddition.Thesestatisticswere
usedfortheestimationoftheperformanceratio(PR),capacityutilizationfactor(CUF),andpower
conversionefficiency.Thisworkassessesthedecreaseinconversionefficiencyofcellasafunction
ofdustadditionandambienttemperature.Amultivariatelinearregressions(MLR)modelcanforecast
conversionefficiencyclosely,withR2valuescloseto91%.Itwasemployedincomputingdecrease
inefficiencyduetodustadditiononly.Resultshowsthatthenormalefficiencydropsduetodustare
0.872%/day,energyharmsare9.935kWh/m2andRs.192.72or2.5dollarperdaybytheMLRmodel.
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INTRODUCTION

RenewableenergytechnologieshaveanexcellentpotentialinIndiaandremarkablegrowthhasbeen
madetotilldate.Duringyear2014anamountof7.40billiondollarshadbeeninvestedforpromoting
anddevelopingrenewableenergyacrossthecountry.Thisinvestmentis14%higherthanpreviousyear
(Manju&Sagar,2017).Ontheglobe,Indiaranksfifthleadingpowergenerationcapacitywith305.55
GWwithanannualincrementalrateof9.4%havingarenewableenergybasesshareof44.236GW
(Kolisetty&BinuBenJose,2018).IntheclimateconferenceheldinParis(COP21),Govt.ofIndia
showsitsdeterminationaboutfallingcarbonfootprintby33–35%by2030fromits2005level,by
augmentingthenon-fossilfuelsectorupto40%ofover-allgenerationability(Hairat&Ghosh,2017).
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Manyeffortsarebeingmadecontinuouslytotransformthisenergyinphotovoltaicandthermal
form.PVmodules(solarcells)areexceptionalinthattheyconvertthesolarradiationfallingontheir
surfaceintoelectricity,withoutairornoisepollution.DustelementsdroppedonaPVpanelsurface
mayaffectitsperformancedependingontheelementorigin,sizeandcompositionanditmayreduce
theincidentsolarradiationonthePV-cell(Du,Jiang,Liu,Wu,&Ghorbel,2019).

Themainobjectiveofthisworkistoexaminetheeffectsofdustexposure&ambienttemperature
on theconversionefficiencyofsolarmodulesystemusingMultivariate linearregression(MLR)
model.Theanalysisincludesnotonlyperformanceoutcomesoftheconversionefficiency,butalso
haveannualCapacityUtilizationFactor(CUF)andPerformanceRatio(PR)oftheplant.

Solar Energy Perspectives
Indiansubcontinenthasayearlyaverageglobalsolarincidentradiationonhorizontalsurface,isabout
5.5kWhm2/dayandhaspotentialofgenerating5,000trillionkW’sofcleanenergy(ShivaKumar&
Sudhakar,2015).AsperreportinJune2016renewabledependentcapacitybecame43,727MWin
thetotalof303,100MW(S.Sharma,Vishwakarma,Bhardwaj,&Mathur,2018).

TheNationalSolarmissionundertheprogram“SolarIndia”setatargetofadding2GWof
Off-gridcapacityand20GWofGridconnectedby2022inthreephases.Table1showsthephase
wisetargetofthemission.

Solar Photovoltaic Systems
Solar Photovoltaic is a prime technology for shifting to a decarbonized energy generation.
Photovoltaic’sasimpleandelegantprocessofharnessingthesunradiationenergy.PVmodules(solar
cells)areexceptionaldeviceswhichdirectlyconverts the incidentsolarradiation intoelectricity,
withoutnoiseorpollution.

Photovoltaic(PV)cellsaresemi-conductordeviceswithaninternalelectricfieldthatseparates
positive & negative charges generated by absorbed (solar) radiation. As a result of selective
transmittanceofsolarradiationabsorbedbythepanelabsorberswillbeemissionofthelong-wave
radiation.Andduetotheabilityofglasstoholdlong-waveradiation,thereisasignificantincrease
in temperature inside the spaceconfinedbyglass (Kharchenko,V.,Panchenko,V.,Tikhonov,P,
V.,Vasant,2018).Semiconductorscanexistasdopedaswellasintrinsic.Dopedsemiconductors
canbeP-type(withholesthatperformlikepositivelychargedparticles)orN-type(withelectrons
askeychargecarriers).Thequasiparticle is frequentlycalleda“hole” (Kharchenko,V.,Nikitin,
B.,Tikhonov,P.,Panchenko,V.,&Vasant,2019)(VladimirPanchenko,AndreyIzmailov,Valeriy
Kharchenko,2020).Asaresultoftheinteractionofphotonsofsolarradiationwithasemiconductor,
electron-holepairsareformed.Electricpowercanbewithdrawnbyconnectingtheoppositesidesof
thePVcellviaanexternalload.

Atypicalsiliconcellproducesaround3–4Acurrentat0.5Vwhenfullyilluminated,andfor
commerciallyaccessiblesiliconPVcells,theconversionefficienciesrangesfrom10–18%(David

Table 1. Phase wise target of the mission

S. 
No. Sector Phase I target for 

(2010-13)
Cumulative Target for 

Phase II (2013-17)
Cumulative Target for 

Phase III (2017-22)

1. GridassociatedPower
includingrooftop 1100MW 10,000MW 20,000MW

2. OffGridSolar
Applications 200MW 1000MW 2000MW

Source (Raina & Sinha, 2019)
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