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ABSTRACT:  
Electricenergyisoneoftheimportantrequirementsofa

nycountrybecauseithasavital  

influenceontheirsocialandeconomicdevelopment.As

ignificantportionofenergydemandhasbeen  

heavilydependentonfossilfuelslikenaturalgas,coalan

detc.Thementionedconventionalenergy  

sourceshaveanumberofdrawbackssuchasthegreatvol

atilityincosts,limitedandinadequately  

distributionontheearth’scrust,harmfulemissionsande

tc.Ontheotherhand,rapidincreaseinenergy  

demandhasledtoagapbetweenproductionanddemand

ofenergy.Tosolvetheproblemsraise,  

renewableenergyresourcessuchaswind,photovoltaic

(PV),microhydroandetc.Itcanbeasuitable  

solution.Due to intermittentnature 

ofmanyrenewable energysources and 

theirdependence on  

environmentalconditions,hybridcombinationsoftwo

ormoreofrenewableenergysourcescanimprove  

system’sperformance.Hybridrenewableenergysyste

mscanworkinstand-aloneorgridconnected(GC)  

mode.Hybridrenewableenergysystemshavemainadv

antagesincomparisontosinglesourcesystem.  

Someofthesebenefitshavebeen.Inthispaper,paradig

msandcommonmethodsavailableforcontrol  

andenergymanagementofHybridrenewableenergysy

stemsarereviewedandcomparedwitheach  

other. 

Keywords-Photovoltaicarray  Maximum 

powerpointtracking,Simulink,Boostconverter. 

 

I. INTRODUCTION 
An integrated energy system  intelligently 

managing interconnected loads and distributed 

energy  

resourcesandcapableofoperatinginparallelwith,orin

dependently,from theexistingutility’sgrid.  

 Thedirectcurrent(DC)microgridpresentedi

nthispaperofferssignificantenergyefficiency, 

cost,reliability,andsafetybenefitscomparedtoconven

tionalalternatingcurrent(AC)systems.Inthe 

BoschDCmicrogrid(DCMG)architecture,onsiteDCd

istributedgenerationsuchassolarPVisdirectly 

connectedtoenergy-

efficientDClighting,DCventilation,andotherDCload

sviaa380VnominalDCbus. 

AcentralAC/DCgatewayconverterprovidessupplem

entalgridpowerwheneverlocalgenerationcannot 

fullysupplytheload.Thus,theDCMGeliminatestheus

eofAC/DCrectifiersattheloadsandreducesthe 

needforDC/AC 

invertersthatarecurrentlyrequiredtointerconnectsola

rphotovoltaic’s(PV)tothe electricutility. 

Thereductioninconversionequipmentmakestheovera

llsystem moreefficientandreliableand  

reducesmaintenancecosts.TheuseofaseparateDCbus

providesabuilt-inmechanism foroperating  

criticalDCloadsduringgridoutages(totheextentthate

nergyisavailablefrom localDCgenerationor 

storage)withoutrequiringamechanicaltransferswitch

.From theutilityperspective,theDCarchitecture  

reducesthesizeofinvertersrequiredtoexportexcessPV

energy,therebymitigatingthepotentialimpact  

ofPV variabilityonthegrid.Furthermore,DC-based 

batterystoragecanbemuchmoreefficiently  

connectedtoaDCMG,enablingamorecost-

effectivewaytosmoothsolarpowerintermittency. 

Inmodernsociety,anincreasingnumberofelectricallo

adsinbuildings,suchascomputers,  

consumerelectronics,lightemittingdiodes(LEDs),or

variablespeedmotors,aresuppliedbydcpower. 

Atthesametime,distributedrenewablesourcessuchas

photovoltaic(PV),aswellasbatteriesfor  

electricvehiclesandon-

sitestorage,arebasedondc.Tointegratethesetechnolo

giesintoexistingac  

powersystems,complicateddc/acinvertersandcontrol

lersarerequiredtosynchronizewithacsystems  

andtoprovidehigh-

qualityaccurrentswithoutharmonics.Adcdistribution

inbuildingsinconjunction  

withPVgenerationandbatterystoragewouldeliminate

ac/dcanddc/acconversionstages,resultingina  
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significantreductionofpowerconversionlosses,lower

costofcomponents,aswellashighersystem  

reliability.Hybridac/dcmicrogridshavebeenpropose

dforimprovedinterconnectionofdistributed  

energysystems,includingmultiplerenewablesources(

acanddc),loads,electricalstorages,andthe  

powergrid.Hybridac/dcmicrogridsexploittheadvanta

gesofbothacanddcsystemsandmayfacilitate  

theintegrationprocessofdcpowertechnologiesintoexi

stingacsystems.Dcbuildingmicrogrids  

promisesignificantefficiencyimprovementsandcostr

eductions,inparticularifimplementedtogether  

withon-

sitePVgenerationandbatterystorage[2].Despitethese

advantages,thereareseveralchallenges,  

whichhindertheadoptionofdcmicro 

gridsinbuildings.Thesechallengesarerelated to 

lackof  

standardized equipment(dc networkcomponents are 

missing,end use appliances are lacking dc  

connectivity)andlittleindustrialexperience. 

 

II. LITERATURE REVIEW 
Thebenefitsofhybridmicrogridsmaybeevenlargerfor

commercialandofficebuildingswithintegrated  

PV,duetoahighershareofdcinternalloads  

andincreasedself-consumptionofPVelectricity.This  

paperpresentedresearchonhybridac/dcmicrogridsfor

improvedintegrationofPVandbatterystorage  

inbuildings.Theyarethelayoutforminimum 

loopinductanceandheatdissipation,gatedrivepower  

supplyforhighsideGallium-

Nitride(GaN)deviceandhighresolutiondigitalPWM 

controlmethodology.  

ThespecialpackageoftheavailableGaNdevicesrequir

esaPCBlayoutmethodthattakesintoaccount  

thethermaldesignaswellastheswitchingloopinductan

ce.Besides,thehighdv/dtwillintroducea  

circulatingcurrentinthehigh-

sidegatedriversandpowersupplies.Thiscurrentshoul

dbeminimized.  

Furthermore,conventionaldigitalPWM 

modulesisnotpreciseenoughforhighfrequency(usual

ly>50kHz)  

convertermodulation and willcause limited cycle 

oscillation.A high resolution digitalphase-shift  

modulationschemeisutilizedtoimprovetheresolution

ofthephase-shiftcontrolforthe150kHz  

converter.Intheend,anoptimizedengineeringdesign

methodisproposed.Theexperimentalresultsare  

analyzedona1kW bidirectionaldc-

dcconvertertoverifytheconcepts. 

AcoordinatedadaptivedroopcontrolisaddressedforD

Cmicrogridtooptimizeitspowerdistribution.  

Theoptimalsolutionforeconomicaldispatchproblem 

(EDP)ofthemicrogridisfoundthroughafully  

distributedhierarchicalcontrol.Thestriveforefficient

andcost-effectivephotovoltaic(PV)systems  

motivatedthepowerelectronicdesigndevelopedhere.

Theworkresultedinadc-dcconverterfor  

moduleintegrationanddistributedmaximum 

powerpointtracking(MPPT)withanoveladaptivecont

rol  

scheme.Thelatterisessentialforthecombinedfeatures

ofhighenergyefficiencyandhighpowerquality  

overawiderangeofoperatingconditions.Theswitchin

gfrequencyisoptimallymodulatedasafunction  

ofsolarirradiance forpowerconversion 

efficiencymaximization.With the rise 

ofirradiance,the  

frequencyisreducedtoreachtheconversionefficiencyt

arget.A searchalgorithm isdevelopedto  

determine the optimalswitching 

frequencystep.Reducing the switching 

frequencymay,however,  

compromiseMPPTefficiency.Furthermore,itleadstoi

ncreasedripplecontent.Therefore,toachievea  

uniform 

highpowerqualityunderallconditions,interleavedcon

vertercellsareadaptivelyactivated.The  

overallcostiskeptlowbyselectingcomponentsthatallo

wforimplementingthefunctionsatlowcost.  

Simulation resultsshow thehigh 

valueofthemoduleintegrated 

converterfordcstandaloneand  

microgridapplications.A400-W 

prototypewasimplementedat0.14Euro/W.Testingsh

owedefficiencies  

above95%,takingintoaccountalllossesfrom 

powerconversion,MPPT,andmeasurementandcontr

ol  

circuitry. 

anovelmethodtokeepthecurrentrippletobeconstantde

spiteoftheloadcurrentconditionforDC/DC  

converter.Thepresentedmethoddoesntrequireanyext

racircuitcomponent.ExperimentalDC/DC  

converterisimplementedwhichiswithinputvoltageof

12V,outputvoltageof1.5V,outputcurrentof10 

 

A,andswitchingfrequencyof200-

250kHz.Experimentalresultsarepresentedtofullysup

porttheclaims  

Thesimulationofincrementalconductance(IncCond)

maximum powerpointtracking(MPPT)usedin  

solararraypowersystemswithdirectcontrolmethod.T

hemaindifferenceoftheproposedsystem to  

existingMPPTsystemsincludeseliminationoftheprop

ortional-integralcontrolloopandinvestigationof  

theeffectofsimplifyingthecontrolcircuit.Theresultan

tsystem iscapableoftrackingMPPsaccurately  

and rapidlywithoutsteady-stateoscillation,and 

also,itsdynamicperformanceissatisfactory.The  
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IncCondalgorithm 

isusedtotrackMPPsbecauseitperformsprecisecontrol

underrapidlychanging  

atmosphericconditions.MATLAB and SIMULINK 

wereemployed forsimulation studies.Simulation  

resultsindicatethefeasibilityand improved 

functionalityofthesystem.IndexTerms:incremental  

conductance(IncCond),maximum 

powerpointtracking(MPPT),photovoltaic(PV)syste

m. 

 

Inthedc-dcpowerconversion,thehighstep-

upconverterisintroducedtoimprovetheconversion  

efficiencyinconventionalboostconverterstoallowthe

paralleloperationoflow-voltagePVarrays,andto  

decoupleandsimplifythecontroldesignofthePWM 

inverter.Moreover,anadaptivetotalsliding-mode  

controlsystem 

isdesignedforthevoltagecontrolofthePWM 

invertertomaintainasinusoidaloutput  

voltagewithlowertotalharmonicdistortionandlessvar

iationundervariousoutputloads.Inaddition,an  

activesuntrackingschemewithoutanylightsensorsisi

nvestigatedtomakethePVmodulesfacethe  

sundirectlyforcapturingthemaximum 

irradiationandpromotingsystem 

efficiency.Experimentalresults  

aregiventoverifythevalidityandreliabilityofthehighst

ep-upconverter,thePWM invertercontrol,and  

theactivesuntrackerforthehigh-performancestand-

alonePVgenerationsystem. 

 

III. RESEARCH METHODOLOGY 
Asimpleandeffectiveprototypeofasolartrackingsyste

m wasimplemented,severalimprovementscan 

bedoneonitinfutureworkstomakeitevenbetter. 

 

1.Incorporatingboostconverterandsensorsofthepanel

mountingsoastodetectsunlightduringsunriseandsuns

et.Atthefewmodificationstothecontrolalgorithm,the 

solartrackingsystem 

canbemadetoturnoffatsunsetandturnonatsunrise.Thu

sitsmoreeffectivein solarsystem 

forasustainablewholesystem ofwork. 

 

2.MethodologyforPVpanelconstantoutput 

The efficiency ofsolarcells depends on many 

factors such as temperature,insulation,spectral  

characteristicsofsunlight,dirt,shadow,andsoon.Chan

gesininsulationonpanelsduetofastclimatic  

changessuchascloudyweatherandincreaseinambientt

emperaturecanreducethephotovoltaic(PV)  

arrayoutputpower.Inotherwords,eachPV 

cellproducesenergypertainingtoitsoperationaland  

environmentalconditions.Inaddressingthepooreffici

encyofPVsystems,somemethodsareproposed,  

amongwhichisanew conceptcalled―maximum 

powerpointtracking‖(MPPT).AllMPPTmethods  

followthesameGoalwhichismaximizingthePVarray

outputpowerbytrackingthemaximum poweron  

everyoperatingcondition. 

Thereisalargenumberofalgorithmsthatareabletotrack

MPPs.Someofthem aresimple,  

such asthosebased on voltageand 

currentfeedback,and somearemorecomplicated,such 

as  

perturbationandobservation(P&O)ortheincremental

conductance(IncCond)method.Theyalsovaryin  

complexity,sensorrequirement,speedofconvergence

,cost,rangeofoperation,popularity,abilityto  

detectmultiplelocalmaxima,andtheirapplications.Ha

vingacuriouslookattherecommendedmethods,  

hillclimbingandP&O 

arethealgorithmsthatwereinthecenterofconsideratio

nbecauseoftheir  

simplicityand easeofimplementation.Hillclimbing 

isperturbationinthedutyratio ofthepower  

converter,andtheP&Omethodisperturbationintheope

ratingvoltageofthePVarray.However,theP&O  

algorithm 

cannotcomparethearrayterminalvoltagewiththeactua

lMPPvoltage,sincethechangein  

powerisonlyconsideredtobearesultofthearraytermin

alvoltageperturbation.Asaresult,theyarenot 

accurateenoughbecausetheyperform steady-

stateoscillations,whichconsequentlywastetheenergy

. 

Byminimizingtheperturbationstepsize,oscillationca

nbereduced,butasmallerperturbationsizeslows 

downthespeedoftrackingMPPs. 

TheBlockdiagram ofproposedsystem 

isshowninfig.1Whenadirectconnectioncarriedoutbet

ween  

thesourceandload,theoutputofPVmoduleextractmax

imum energyandoffersahighDCvoltagefor  

theinverterwhichconvertstheDC 

voltagetoasinusoidalAC 

andconnectswiththegrid.Proposed  

system 

compriseoftwoDCsourcesfirstoneisPVandsecondon

eistakingfrom singlephaseAC 

sourcebyconvertingintoDCtomeetisolatedDCloadde

mandoftheirdifferentpowerdensitytosupply  

transientandsteadyloadrespectively.Allsourcesareco

nnectedtoDCbusbydifferentDC-DCconverters.  

A powerflow controlstrategyadaptstheirvariableDC 

voltageto Busvoltagebymeansofthese  

converters. 

ThePVsideBoostConverteriscontrolledbyPerturbati

on&Observation(P&O)MPPTalgorithm 

toextractthemaximum powerfrom 

thevariablesolar.Inthisweusesan“Opposedcurrentha
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lfbridge” 

typeinverterwithhysteresiscurrentcontroller,adopted

toensuredesiredpowerquality,andcanalso 

supplysinusoidalcurrentatunitypowerfactor. 

Oursystem 

consistsoftwoDCsourcesfirstoneisPVandsecondone

istakingfrom singlephaseAC  

sourcebyconvertingintoDCtomeetisolatedDCloadde

mandoftheirdifferentpowerdensitytosupply  

transientandsteadyloadrespectively.Allsourcesareco

nnectedtoDCbusbydifferentDC-DCconverters.  

A powerflow controlstrategyadaptstheirvariableDC 

voltageto Busvoltagebymeansofthese  

converters. 

Duetothedevelopmentofhighperformanceandhighde

nsitymicroprocessors,itisrequiredtoreduce  

thesuppliedvoltagewhileincreasingthecurrentrating.

Thepoint-of-Load(POL)converterisusually  

designed     and     implemented     to     provide     

well    regulated     voltage     to 

microelectronicload.Theallowedoutputvoltagerippl

ebecomessmallerforsuchapplications..  

However,thecurrentslew 

rateisincreased.Forsuchapplications,theeffectofpara

metervariation  

caused by temperature and load variation 

etc.becomes very essentialto converterdesign and  

implementation. 

Itiswellknownthattheinductor,L,showninFig.1affect

sthecurrentrippleandtherebycausing 

thevariationofoutputvoltagerippleandefficiency.The

loweritsinductance,thelargerthecurrentripple 

willbe.However,theinductancereducesastheloadcurr

entincreasessincetheincreasesofload 

currentforcestheinductortogotowardsaturation. 

Underallkindsofloadconditions,theinductorcurrentri

ppleisconstantinidealcase.Actually, 

therippleincreasesunderheavyloadcondition.Althou

ghtheissuehasbeendiscussed,toourbest 

knowledge,nocost-

effectivemethodhasbeenpresentedtodealwithit.Digit

alpowerprovidessome 

particularadvantagesoveranalogapproach.Theseadv

antagesinclude:noagingissueforcontrolloop, 

lowpowerconsumption,easytochangetopologyandco

ntrolalgorithm,fasttimetomarketandeasyto 

designtheassociatedASIC.Inthispaperanovelmethod

toreducethecurrentrippleispresentedfor digital-

controlledpoint-of-Loadbuckconverter. 

TheMATLABsimulinkmodeloftheutilitygridconnec

tedwithparallelcombinationofPVsystem.  

Inthissimulinkmodel,thegridvoltageispresetasVg=1

10V.ThevalueofDCpowersupplygenerated 

bythecombinationofPVmodelandbatteryisVdc=110

V. 

Thedescriptionofvariouscontrolblocksaregivenbelo

w,somemajorblockoreDC toDC 

converter,filter,controlsystem 

bock,variousloads,ACtoDCconverteretc. 
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IV. SIMULATION WITH MATLAB 

 
Fig.showssimulationdiagram forimprovingsustainabilityandefficiencyofsolarphotovoltaicbased operatedsystem. 

 

ThegivenMATLABmodelshowsusproposedsystem forimprovingefficiencyofthesystem. 

 

4.1RESULT 
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Rippleanalysisreport: 

 
Parameter 

Beforeproposed 

methodology 

Afterproposed 

methodology 

Current(Amp) 0to32 1.097to1.098 

Voltage(V) 109.5to113 109.7to119.8 

 

Aftercomparingboththeoutputsitisclearthattheeffici

encyoftheoutputisrelativelyconstantfora  

 

 

longerperiodoftimeafterimplementationofproposeds

ystem.Italsoincreasesitsefficiencybymore  

than50%andreducingcurrentrippleswhichshowsthat

thesystem issuccessfulinachievingitstarget  

accordingly. 

 

V. CONCLUSIONS 
Theintensiveuseofenergyfrom 

thesolarcellisessentialforprovidingsolutionstoenviro

nmental  

problemslikepollutionandglobalwarming.Astheposi

tionofsunkeepschanginginthedaytheangleof  

 

 

incidencechangeshenceweproposedamodeltorotatet

hepaneltoimprovetheangleofincidencefor  

consideringtheoptimalMPPpointevenundershadeda

ndun-shadedconditionsThispaperpresentsa  

novelmethodtokeepthecurrentrippletobeconstantdes

piteoftheloadcurrentconditionforDCmicro  

grid.AboveFigureshowsthemeasuredresultsofinduct

anceofoutputinductorunderloadconditions.  

Thecurrentripplecanbereducedbyincreasingtheswitc

hingfrequencyasillustratedusingswitching  

frequency250kHzasanexample.However,thecurrent

rippleisimprovedatthecostofmoreswitching  

losses.Moreover,thecurrentripplecannotbekeptconst

anteventheswitchingfrequencyisincreased. 
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