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__________________________________________________________________________________________ 

Abstract i: iPV-Wind ihybrid ienergy isystem iis ithe imost iupcoming ialternative ifor ipower igeneration iin iplace iof 

ifossil ifuels igenerators. iThis ipaper iwill igive ithe imat ilab isimulation imodelling iof iPV-wind ihybrid ienergy isystem. 

iThe igiven imodel iwill igive ithe ikey idetails iof ieach iparts iof iPV-wind ihybrid isystem. iIn ithis imodel ithere iwill ibe 

iparts ithey iare: ia iphoto ivoltaic ienergy isubsystem iwind ienergy isubsystem, ia iinverter iand ia ibattery ibackup. iThe 

iphotovoltaic ienergy iis iconverted ito iAC iusing iinverter iand iwind ienergy iby iturbine, ithe ienergy iproduced iis 

istored iin ithe ibattery iand iwhen inecessary iit idischarges. iThis ihybrid iis iuseful ifor iboth iindustrial iand ihousehold 

ipurposes. iThis iwill ireduce ithe idependence ion ione isource ibecause iit ihas imultiple isources. i 
Keywords: iPV-Wind ienergy ihybrid isystem, isystem icontroller, icontinuous idistribution 

__________________________________________________________________________________________ 

 

I. Introduction i 
Now-a-days ithe iavailability iof ifossil ifuels igetting ireduced iso isome iareas iare ifacing ithe ilack iof ielectricity. 

iso ito imake ia ichange iin ithis iareas iwe iare ideveloping ithe irenewable ienergy isource isystems iwhich iare ieco 

ifriendly, ilow i imaintenance iand isatisfies ithe idemand i[1-2]. iIn imany iof ithe irenewable ienergy isource isystems 

ivery iuseful ione iis iPV-Wind ienergy ihybrid isystem. iThe iPV-Wind ienergy ihybrid isystem iis ithe icombination iof 

isolar ienergy iand iwind ienergy. isolar ienergy iis iproduced ifrom ithe isun irays ivia isolar ipanels ibut ithey iare iless 

iefficient. ibut iwe ican ialso iincrease ithe iefficiency iof ithe isolar ipanels iby isome imethods ias iincreasing ivolume, 

iusing ibetter imaterial iin imanufacturing iof isolar ipanels. iwind ienergy iis icommonly ia ilarge-scale igeneration iunit 

i[3-5]. iBut iwe ican iuse iit ias ismall-scale iunit iby isome ichanges. iIn iwind isubsystem iwind ienergy iis iconverted iinto 

ielectrical ienergy iusing iturbine. iFor imeeting isome idemands ithis isystem iis icontaining isome iextra iparts ias ibattery 

istorage, iinverter. iBattery iis ifor icharging iand idischarging ipurpose iwhen igeneration isystem iproduces iexcess 

ienergy ithen ithe iexcess ienergy iis istored iin ithe ibattery. iWhen ithe igeneration iis inot ienough ifor iload idemand ithen 

ibattery igives ithe istored ienergy iit iis icalled idischarging i[6-8]. iThis ioperation iis idone iwith ihelp iof isystem 

icontroller iwhich ihelps iin ithe iprevention iof ibattery iover icharging iand ideep idischarging. i i iInverter iis iused ifor 

iDC ito iAC iconversion. iWe iuse iinverter ito iconvert ifrom iDC ibus iload ito iAC ibus iload ias ishown iin ithe ifig.1. 

iMany icountries iwith i iaverage iwind ispeed iin ithe irange iof i5-10m/s iand iaverage isolar iinsolation ilevel iin ithe 

irange iof i3-6kwh/  iare ipursuing ithe ioption iof ipv iand iwind isystem ito iminimize itheir idependence ion ifossil-

based inon-renewable ifuels. iThe iuse iof ihybrid ienergy isystem ialso ireduces icombustion iof ifossil ifuels iand 

iconsequent iCO2 iemission iwhich iis ithe iprinciple icause iof igreenhouse ieffect/global iwarming i[9-11]. iOther 

iadvantages iof iPV-Wind ihybrid isystem ican ibe iachieved ionly iwhen ithe isystem iis idesigned iand ioperated 

iappropriately. iThe iblock idiagram iof i iPV-Wind ihybrid isystem iis ishown iin ifig.1 

We ican iobserve ithree icases iin ithis isystem idepending iupon ithe ipower igenerated iand iload idemand iin ithe iDC 

igrid. iWhen ithe ipower igeneration iand iload idemand iare iequal i[12-14]. iWhen ithe iload idemand iexceeds ipower 

igeneration iwhich ileads ithe ibus ivoltage ito idrop, iwhen ipower igeneration iexceeds iload idemand iwhich ileads iin 

ithe irise iin ibus ivoltage. iThe iDC ibus ivoltage imust ibe imaintained iat ipermissible ilimits iat iall ithe ioperating 

iconditions ias ithis iis iconsidered ias ithe istability iindex iof ithe igrid. iThe ibattery iplays ian iimportant irole iin ithis 

ihybrid isystem iin imaintaining iDC ibus ivoltage iand icontinuous ipower idistribution. iHence ia icontrol isystem iis 

iimplemented ifor ithe icurrent icontrol iin ithe ibidirectional ibuck-boost iDC-DC iconverter iof ithe ibattery i[15]. 

The imain iobjective iof ia icontrol isystem iimplemented ihere iensures ithat iload iis isharing iequally iso ithat ithe 

icirculating icurrents ibetween ithe isource ican ibe iavoided. iThe istate iof icharge iof ibatteries imust ibe imaintained 

ibetween icertain ilimits. iSuch ithat ibatteries ishould inot ibe iover icharged iand ishould inot ibe ideep idischarged iso ithat 

ithe ilife itime iof ithe ibattery ibank ican ibe iincreased. iHence ithe iconstant imonitoring iof ithe istate iof icharge iof 

ibattery iis inecessary i[16-18]. i i 
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The ipaper iis iorganised ias ifollows: iSection i2 iexplanation iof idifferent icomponents ipresent iin ithis ihybrid 

isystem iwith irespective iblock idiagrams. iSection i3 iRatings iand ispecification iof idifferent icomponents iand 

idescription iof i iblock idiagram iis igiven. iSection i4 iresults iare ishown iwith irespective ito ithe iwaveform iat idifferent 

itime iperiods iare igiven. iSection i5 ithe iconclusion iand ifuture iscope iof ithis iproject iis igiven 

 

 

 
 

 

Fig.1. iBlock iDiagram iof iPV-Wind iHybrid iEnergy iSystem 

 

II.  i iExplanation iof iSubsystems 

2.1. iPhotovoltaic isubsystem 

The iphotovoltaic isubsystem iconsists iof iphotovoltaic iarray. iPhotovoltaic iarray iconsists iof iphotovoltaic 

imodules iconnected iin iseries iand iparallel iaccording ito ithe irequirement iof ivoltage iand ipower iratings. iAs iwe 

iknow ithat isolar icell iless ipower iproduction iunit iin ithis ihybrid isystem ito imaximise ithe igeneration iwe iuse ithe 

imaximum ipower ipoint itechnique(MPPT). iThe ioutput ipower iof ithe isolar icell ican ibe icalculated iusing ifollowing 

iequation. iThe igeneral iformula. 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i i i(1) 

The iblock idiagram iof iphotovoltaic isubsystem ias iPV ihybrid isystem iwith iits ipower ielectronic 

icomponents iis ishown iin ifig i2.1. iIt iis ia isystem ibefore ithe icombination iof iPV-Wind ihybrid isystem. iThis isystem 

iis iused iin iareas iwhere ithe ipower isupply ithrough ithe igrid iis idifficult iand itransmission icost iis ivery ihigh. iThe 

isolar icell iis ivery iwell iknown ipower isystem iused ifor ithe ismale-scale isectors ilike ihomes, ioffices, imotor ivehicles 

iand ie.t.c. iBut iwe ican ialso iuse ithis isystem ifor ilarge-scale idistribution iby iincreasing iits ivolume/size iand iapplying 

isuitable imethods ilike iMaximum ipower ipoint itechnique(MPPT). iIn ithe iabove ifigure ithe itransmission iof ipower 

iis ias ifollows. iSolar icell igenerates ipower iby iobserving ithe iUV irays ifrom isun. iIt iproduces ithe iDC iso iwe iuse 

iinverter ito iconvert iDC ito iAC ibecause ithe iload iis iAC iload. iControl isystem iis iused ito imaintain ithat iload idemand 

iand isupply ipower iis ialways iequal. iWhen ithe igeneration iis iexcess ithan idemand ithen ithe iexcess ipower iis istored 

iin ithe istorage isystem ibattery iand iwhen ithe idemand iis igreater ithan igeneration ithe istorage isystem iprovides ithe 

ibackup. iHere ithe icharge icontroller iis iused ito iavoid ithe ibattery iform iover icharging iand iover idischarging iby 

idoing ithis iwe ican iincrease ithe ilife itime iof ithe ibattery. 
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Fig i2.1. iArchitecture iof iphotovoltaic ihybrid isystem 

2.2. iWind iEnergy iSubsystem 

 i i i i i i i iTo idesign ia ireliable iand ieconomical iwind isystem ia ilocation iwith ia ibetter iwind ienergy ipotential imust ibe 

ichosen. iIn iaddition ianalysis ishould ibe idone ifor ifeasibility, ieconomical, icapacity imeeting idemands. iGenerally 

iwind ienergy isystems iare iused ifor ithe ilarge-scale iproduction. iSo, ithis isystem iis iused iin ithe ihybrid isystem. iThe 

iarchitecture iof iwind ihybrid isystem iis ishown iin ifig i2.2 i. iThe ipower igeneration iof iwind isystem idepends iupon 

ithe ispeed iof ithe iwind. iWind iflows ithrough ithe iwind iturbines iand irotate ithem ithen ithe imechanical ienergy iis 

iconverted iinto ielectrical ienergy iusing iturbines. iBecause iof ithe iunexpectable iwind ispeed ithe igeneration iof 

ienergy iis iunstable iit iproduces ithe ivariable iAC. iSo, iwe iuse irectifier ito iconvert ivariable iAC ito ifixed i iDC ibut iwe 

ineed ia i isupply iso iwe iuse i iconverter ito iconvert ifixed iDC ito ifixed iAC. iThe icontrol isystem iin ithis isystem iis 

ihaving ithe isame iworking iprinciple ias isolar isystem. iCharge icontroller iis iused ito icontrol ithe icharging iand 

idischarging iof ibattery ito iincrease ithe ilife itime iof ithe ibattery. iWhen ithe isystem igenerated ipower iis isurplus, ithen 

ithat iexcess ipower iis iused ifor iloading ithe ibatteries. iWhen ithe iload irequirement iis inot isupplied iby ithe isystem 

ithen ithe ibattery ipower iis iused ias ibackup isecurity. iThe ioutput ipower iof ithe iwind ienergy isystem ican ibe 

icalculated iusing ithe ifollowing iequation i 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i i i i(2) 

Here i = ioutput ipower; i = ithe ipower ico-efficient; iλ= ithe itip ispeed iratio; iA= ithe ifrontal iarea iof iwind iturbine; 

iV= ithe iwind ispeed. 

 

Fig i2.2. iArchitecture iof iwind ienergy ihybrid iSystem 
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2.3. iStorage iunit 

 i i i i i iThe istorage isystem iwe iused ihere iis ibattery. iWe i ialready imentioned ithat ibattery iis iused ito istore iexcess 

ipower, iregulate isystem ivoltage iand iused ias ibackup iin icase iof iinsufficient ipower igeneration ifrom ithe ihybrid 

isystem. iBattery isize idepends iupon ithe imaximum idepth iof idischarge, itemperature, iand ibattery ilife. iA ibattery 

istate iof icharge i(  i iis iexpressed ias ifollows: 

Charging iprocess: 

] i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i(3) 

Discharging iprocess: 

] i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  i i i i i i i i i i i i i i i i i i i 

i(4) 

In ithis istorage iunit iwe iuse ilithium iion ibatteries. iDepending iupon ithe ivoltage iand ipower irequirements ithe 

ibatteries iare iconnected iin iseries iand iparallel icombination. iLi-ion ibatteries ihave igreater ilife itime ithan iother itype 

iof ibatteries. iThere iare itwo ielectrodes iin ithe ibattery ione iis ipositive ielectrode iwhich iis imade iup iof imetal ioxide 

iand iother iis inegative ielectrode iwhich iis imade iup iof icarbon. iThere iwill ibe ian ielectrolyte iin ibetween ipositive 

iand inegative ielectrode iwhich ihelps iin ifree iflowing iof ipositive iparticles ithrough iit iand iit iis imade iup iof ilithium 

isalts iin iorganic isolvents. iIn i ibelow ichemical ireaction ileft iside ireaction iindicates icharging iand iright iside 

ireaction iindicates idischarging. 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i i(5) 

In ithis isystem ias ishown iin ifig.1 ithe ibattery istorage iunit iis iconnected ito ithe iDC ibus ipre-connected iwith isystem 

icontroller. iSystem icontroller iused ito itransfer ipower iin iboth idirections ias iper ithe iconditions irequired. iThe 

ibattery iis iconnected ito iDC ibus iwith ithe ihelp iof icontrol isystem ithis icontrol isystem iis ia icontrol istrategy ito 

icontrol ithe icharging iand idischarging iof ibattery. iIt ihelps iin ipreventing ithe ibattery ifrom iover icharging iand iover 

idischarging ito iincrease ithe ilife itime iof ithe ibattery. i i 

III.  iDescription iand ispecifications i 

The iratings iand ispecifications iof iPV-Wind ihybrid isystem iis igiven iin ithe ibelow itable.1: 

Table i1. i iRatings iand iSpecifications 

Components i Specifications i Ratings i 

Photovoltaic 

iarray 

 

Sun iPower iSPR-

305E-WHT-D 

40KW 

Wind iturbine 

 

Permanent imagnet 

isynchronous 

igenerator-salient 

ipole 

10KW 
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Batteries i 

 

Lithium-ion 12KV,150Ah 

Load i 

 

3-phase iY-

connected iunity iPf 

iload i 

30KW 

3.1. iDescription iand icontrol iof isystem 

 i i i i i i i i iIn ithis ipaper iwe itake ihybrid isystem. iHybrid isystem imeans ithe icombination iof itwo ior imore ipower 

igenerating isystems. iIn ithis ipaper iwe itake iPv iand iwind ihybrid isystem ibecause ithese itwo isystems iwork iusing 

irenewable iresources ilike isolar ipower iand iwind ipower. iWe ican iget ithese itwo iresources icommonly itogether iand 

ithese itwo iare iless iexpensive iand iless imaintenance iwhen icompared ito ithe iother irenewable iresource isystems ilike 

ihydro ipower iplants, ibio-fuel ipower iplants iand iother. iBut iless iefficient ithan ithem ibut iwe ican iuse ithem ifor isome 

iareas iwhere ithe isupply iof ipower ifrom iis igrid iis idifficult iand itransmission icost iis ihigh idue ito ifuel igenerators. iIn 

ithis isystem iwe iuse ithe icombination iof iphotovoltaic iand iwind ihybrid ienergy isystem iwith ithe ibattery ias istorage 

ior ibackup iunit. iIf ithe itwo isystems iwant i ito iconnect iin iparallel ithe ioutput ivoltage iof ithe itwo isystems imust ibe 

isame. iIn icase iof iPV isystem iits ioutput iis ivariable iDC iand iget ifixed iDC iand iin icase iof iwind isystem iit igenerates 

ivariable iAC ibecause ithe ispeed iof iwind iis iunpredictable iso iit igenerates ivariable iAC ihere iwe iuse irectifier ito 

iconvert ivariable iAC ito iDC iand iboost iconverter iis iused ito iboost ithe ivariable iDC ito ifixed iDC. iThis itwo isystems 

iare iconnected ito ithe iDC ibus. iIn ithis isystem iwe ican iobserve itwo icase ione iis iwhen ithe isource ipower igeneration 

iis igreater ithan iload idemand iand iother ione iis iwhen iload idemand iis igreater ithan isystem igeneration. iIf ithis icases 

iare ioccurred iwe iface ithe iproblem iof idiscontinuous idistribution ito iavoid ithis iproblem iwe iadd iextra iunit icalled 

istorage/backup iunit. iWhen ithe isystem igenerates ithe iexcess ipower ithan iload irequirement ithat iexcess ipower iwill 

istore iin ithe ibattery iand iwhen ithe iload idemand iis igreater ithan ipower igeneration ithen ithe ibattery iwill iact ias 

ibackup ipower isupply iby isupplying istored ienergy. iTo imake ithis ioperation ihappen iproperly iwe iimplement ia 

icontrol istrategy icalled isystem icontroller. iThis isystem icontroller iwill idetect ithe icondition ifor icharging iand 

idischarging iand ioperate ithe ifunction. iThe isystem icontroller iconsists iof icharge icontroller iwhich ihelps iin ithe 

iprevention iof ibattery ifrom iover icharging iand iover idischarging ito iincrease ithe ilife itime iof ithe ibattery. iIn ithis 

isystem iwe iuse iLi-ion ibattery ias ithe istorage iunit. iThe ibattery ialso iconnects ito ithe iDC ibus. iBut ithe imain iload iis 

iAC iload iso iwe iconvert ithis iDC ito iAC iusing iinverter. iThis iinverter iis iconnected iin ibetween iDC ibus iand iAC 

ibus. iIn ithis ipaper iwe icheck ithe iperformance iof ithe isystem iby iadding isome itemporary iload iusing ia iswitch. 

iWhere ithe iswitch iwill iturn iON iat icertain itime ilimit iand iturn iOFF iafter ithe itime iperiod. iWhen ithe iextra iload iis 

iadded ithe icurrent iwaveforms iwill ivary. 

 

IV. Results iand iDiscussion i 
The iperformance iof ithis isystem iand icapacity iand itechniques iimplemented iin ithis iis iexamined iby iadding ithe 

itemporary iload iwith iswitch igiving ia icertain itime iperiod ito itrip iand icurrent iwill ivary iaccording ito iload 

iincrement iand idecrement. iThe ifigures ishown ibelow iare ithe iresults iof ithe isystem ithis ipaper iproposed iwith ia 

itime iperiods iand idifferent iparameters. iAll ithese iresults iare itaken ifrom ithe isimulation iof imatlab isimulink imodel. 

iFigures iare irepresented iin ithe itwo iaxis iplot ias ix-axis iand iy-axis. 

 

 
 

Fig.4.1. ioutput iof ithe icurrent iat iload iand ialso ibefore iand iafter iaddition iof itemporary iload 



 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iwww.jst.org.in i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i19 i| 

iPage 

 

Fig i4.2. ioutput ivoltage iat iload 

 

Fig i4.3. iOutput ibattery ipower 

 

Fig i4.4. iOutput isolar ipower 

 

Fig i4.5.Output iwind ipower 
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Fig i4.6. iOutput iLoad ipower 

 

V. Conclusion i 
In ithis ipaper isimulation, idesign iand ifeatures iof iPV-Wind ihybrid ienergy isystem iis iexplained. iThis 

imodel igives ithe ivarious iparameter ioutputs. iThe iintegration iof iSolar iPV,wind iby ian iinverter iwith ibattery ienergy 

istorage isystem imake icontinuous idistribution iof ipower ito imeet ithe iload idemand. iThe isystem icontroller ihas 

icharge icontroller iwhich iprevent ithe ibattery iovercharging iand ioverdischarging iand ithus iincrease ithe ilife itime iof 

ithe ibattery. iThe ipower imanagement iand icontrol iby iusing ian iinverter ibetween iSolar iPV, iWind, iBattery iand iload 

iis ishown iin ithis ipaper iwhich iindicate ithe iperformance iof iPV-Wind iHybrid iEnergy iSystem. 
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