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Abstract: iOne iof ithe ichallenges ifacing ithe iworld icurrently iis ihow ito iminimize ienergy 

iconsumption iusing ifossil ifuels idue ito ithe inegative isocio-environmental iimpacts iand iprice 

ivolatility. iOne iof ifew iapproaches iis ito iincrease irenewable ienergy isources isuch ias isolar ias ian 

ialternative iclean isource ito iprotect ithe ienvironment, iadhere ito iglobal iand inational ipolicies 

itowards ithe iclean ienergy idevelopment ias iwell ias iincrease ienergy iaccess, ito iurban iand irural 

iareas. i 

India ihas iraised iconcerns iregarding ithe idevelopment iof irenewable ienergy isources isuch ias 

iwind, ihydro iand isolar ienergy. iIntegration iof ia icombined iphotovoltaic iand ithermal isystem iwas 

iconsidered ito itransform isimultaneous ienergy iinto ielectricity iand iheat. 

This iwas idone ito ichallenge ithe ilow ienergy iefficiency iobserved iwhen ithe itwo isolar ienergy 

iconversion itechnologies iare iemployed iseparately, iin iorder ito igain ihigher ioverall ienergy 

iefficiency iand iensure ibetter iutilization iof ithe isolar ienergy. iTherefore, ithe inotion iof iusing ia 

icombined iphotovoltaic iand ithermal isystem iwas ito ioptimize iand ito iimprove ithe ioverall iPV 

ipanel iefficiency iby iadding iconversion ito ithermal ienergy ifor iresidential iand icommercial ineeds 

iof ihot iwater ior ispace iheating ior ispace icooling iusing iappropriate itechnology. 

The iPV/T imodel iconstructed iusing iwater ias ifluid ilike ithe ione iused ifor ithe iexperimental iwork, 

ipresented ia imarginal iincrease iin ielectrical iefficiency ibut ia iconsiderable iyield ion ithe ioverall 

iPV/T iefficiency, ibecause iof ithe isimultaneous ioperation iby icoupling ia iPV imodule iwith ia 

ithermal icollectors. 

Keywords: iSolar iEnergy, iPhotovoltaic iPV, isolar iCombined iPhotovoltaic iand iThermal icollector 

iPV/T. 
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I. INTRODUCTION 

This iPaper iis ibased ion itwo iaspects, inamely iAnalytical ior iNumerical imodel iworks, iwhich iwill 

ientail iexperimental iwork. iThe iprincipal iobjective iof ithis iresearch iis ito ienhance ilow ienergy 

iefficiency iusing ia icombine iPV/T icollector itype isystem iunder ilocal iclimate, iand iweather 

iconditions iof ithe iNorth iINDIA. i 

The isecond iobjective iis ito iperform ianalytical ior iexperimental iwork ion ithe iconstructed iPV/T 

imodel. 

The ipurpose iof iusing iPV/T iliquid isystem iis ito iminimize ienergy iconsumption iof ifossil ifuels iand 

ireduce ithe inegative ienvironmental iimpacts. iIt iis iknown ithat irenewable ienergy isources isuch ias 

isolar ienergy iare ian ialternative iclean isource ito iprotect ithe ienvironment, idecrease idependence ion 

ifuel ienergy iand iwill inever iend. iIt icontributes ito icustomers isaving ion itheir ibills iand idevelops ia 

inew ibusiness iarea ifor ithe iindustry ito icreate ijobs. i 

1. iPHOTOVOLTAIC i(PV) iSYSTEMS. 

1.1 iPV isystem icomponents: i 

A iPhotovoltaic i(PV) isystem ialso irecognized ias i“Solar icell” ican ibe idescribed ias ia isemi-conductor 

idevice idesigned ito iperform ithe idirect iconversion iof ielectromagnetic iradiation ifrom ithe isun iinto 

ielectricity. iIn ithe imiddle iof i1970s, iPV icells ibecame ito ibe iused ifor ipower iin iplaces iwhere iit 

iwas itoo iexpensive ito iuse igrid ipower, iand iin iremote iareas ias iwell ias iislands. iToday isome 

icountries ilike iINDIA, imany ipeople iare iusing ielectricity ifrom iPV isystems ithan ielectricity ifrom 

ithe imain ipower igrid, isince iPV itechnology iis inow imore iefficient iand icost iless ithan iever iat 

igenerating ielectricity ifrom isunlight. i 

The imost ibasic isystem ican iuse ithe ifollowing icomponents: i 

 iA i“PV iModule” iwhich iis ithe ipower isource. i 

 iA i“Charge iController” ito iavoid iovercharging iof ithe ibattery iif iusing ione. 

 iA“Battery” ito isimply istore ienergy iand iuse iwhen ithere iis ino isunlight. iIt ialso isupplies ian i i 

i iextra ipower ito ithe iload ithat ican iexceed ithe ipower irating iof ithe iPV imodule ior iarray. 

 iA i“DC idistributor ipanel” ifor ifuses, iswitches, ior icircuit ibreakers ifor iany iprotection. i 

 

 

2. iCOMBINED iSOLAR iPHOTOVOLTAIC iAND iTHERMAL(PV/T). i 

The icombination iof ia iPV icells iand ia ithermal icollector iis icalled ia iCombined iPhotovoltaic iand 

iThermal isystem i(PV/T). iThese itwo isolar itechnologies iare iassembled itogether ibecause iphotovoltaic 
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icells iperformance idecreases iwhile ithe itemperature iof ithe iunits iincreases. iTherefore, ithe iaddition 

iof ia ithermal icollector iat ithe ipanel iback iallows ithe iextraction iof ithe iheat ifrom ithe iPV icell iwith 

ia icirculating ifluid ithrough ithe ipipe ito iincrease ithe icell’s iperformance. iIn ithe icase ithat iheating iis 

irequired ifor ia iboiler,the iextracted iPV iheat iwill ialso iassist ito iincrease iperformance. iIn ia iPV/T 

icollector ior isystem ia iPV icell idoes inot ionly igenerate ielectricity, ibut iit ican ialso iserve ias ia 

ithermal iabsorber. iThis ijustifies ithe ifact ithat iPV/T isystems isimultaneously iproduce iheat iand 

ipower. iThere iare ifour itypes iof isolar icollector ideveloped iin ithe ifield iof iSolar iPVT iwhich iare: i 

 iPV/T iLiquid icollectors. 

 iPV/T iAir icollectors. 

 iVentilated iPV iwith iheat irecovery. i 

 iPV/T iConcentrators. 

Therefore, iin ithis ipaper ionly iwater itype isystems iwere iconsidered ibecause ihybrid iwater iPV/T 

isystems ican ibe iused ieffectively ion ithe iactual iseason, iespecially iin iregions iwhere iambient 

itemperature iis iusually ibelow i20 idegrees ilike iin iNorth iIndia. 

3. iPV/T iLiquid iCollectors. i 

They iare idesigned ito iheat iup ithe iwater iand iinstantaneously iproduce ielectricity, iliquid iPV/T 

icollectors i(PV/TLC) iare isimilar ito iflat iplate icollector iwater iheating isystem. iIn ia iPV/TLC, ithe 

iPV icells iabsorb ia ihuge iamount iof isolar iradiation ithat ihelps ito igenerate iundesirable iheat, iwhich 

ican ibe ireused iin iwater ipre-heating iuses iand ithere iare imostly iused ifor idifferent idomestic iand 

iindustrial iapplications. i 

PV/TLC ican ieither ibe iglazed ior iunglazed. iUnglazed iliquid itype iPV/T icollectors iensure ia ihigher 

ielectrical iperformance iand ia ilower ithermal iperformance. iA iglazed iliquid icollector ican igenerate ia 

igreater iheat iloss iand iresultantly ilower ioperating itemperatures. iFurthermore iwater, iair ior 

irefrigerant ican ibe iused ias ithe iheat iremoval isupport ito icool ithe isolar icells. iThe imost iconvenient 

iliquid ito iuse iis iactually iwater, inot ionly ibecause iof iits ihigh ithermal icapacity, ibut idue ito iits 

ioptical iproperties. 

 

4. iPV iEfficiency. 

The iPV iefficiency iis idefined ias ithe iratio iof ienergy ioutput ifrom ithe isolar icell ito iinput ienergy 

ifrom ithe isun, iefficiency iis ithe imost iused iparameter ito icompare ithe iperformance iof idifferent 

isolar idevices. iIt idepends ion ithe irange iand iintensity iof ithe iincident isunlight iand ithe itemperature 

iof ithe iPV imodule. iTherefore, ithe iPV iefficiency iof ithe imodule ican ibe idetermined ias ithe ifraction 

iof iincident ipower iwhich iis iconverted ito ielectricity iand iis idefined ias ifollow: i 
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 iIsc iis ithe icurrent i[A]. 

 iVoc iis ithe icell ivoltage i[V]. 

 iFF iis ithe ifill ifactor. i 

 iPiniis ithe iInput ipower i, iwhich iis iequal ito i iPin i= iApv i* iE. 

 iE iis ithe iirradiance ion ithe icollector isurface i[W/ im2 i]. i 

 iApviis ithe iPV imodule iarea i[m2 i]. i 

Knowing ithe iefficiency iof ia ipanel iis iimportant iin iorder ito ichoose ithe icorrect ipanels ifor ithe 

iappropriate iphotovoltaic isystem. 

4.1. iPV/T iEnergy iEfficiency iDetermination. 

PV/T imodules iare imore iproductive iwith ithe iability iof igenerating imore ienergy iper iunit isurface 

iarea ithan iside iby iside iPV ipanels iand isolar ithermal icollector. iThe iresults iregarding ithe iPV/T 

iefficiency ican ibe iobtained iby iaddition isince iit idepends ion ithe ithermal iand ielectrical iefficiency 

iof ithe idevice ior ithe ihybrid isystem. 
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Figure1: Assembly of the PV/T Collector System side view drawing. (1 ) Cover plate; (2) Thermal 

collector (water flow); (3) Photovoltaic cell  (PV module); (4) Inlet water flow; (5) Outlet water 

flow; (6) Tank; (7) Flexible pipe or water conduct. 
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Where: i 

 iW iis ithe imechanical iwork, ior ithe ielectricity iproduced. 

 iQ iis ithe ithermal ienergy idelivered. 

 iH iis ithe iinput ienergy. 

/
ee

W H  and i /
th

Q H   iare irespectively irepresenting ithe ielectric iefficiency iand iheat 

iefficiency. 

5. iEXPERIMENTAL iPROCESS. 

The iexperiment iof ia iscale imodel iconstructed, iand itested iPV/T iwater isystem iwas idone iin ithe 

iNorth iIndia. iThe iexperiments iparameters iwere icollected ifor iseven i(7) idays iduring ithe iperiod iof 

iApril i2020 ifrom i8:00am ito i18:00pm ieach iday. iThe isolar iradiation iand iatmospheric itemperature 

idata iwere icollected ifrom ithe iWeather iForecast istation iof iMetrological idepartment iof iIndia. i 

The ifollowing imeasurements iwere icollected ifrom ithe iweather istation iof ithe idepartment iwhich ihas 

ibeen iconnected iwhit ia idata ilog imonitor ilocated ion itop iof ithe ibuilding iroof i. i 

 iSolar iirradiation ior iinsolation. i 

 iAmbient itemperature iof ithe ilocation. i 

 iWind ispeed. 

The irest iof ithe idata iwere imeasured imanually: i 

 iCurrent iand iVoltage i 

 iTop iand ithe iback itemperature iof ithe iPV/T idevice. i 

 iTemperature iinlet iand ioutlet iof ithe ifluid. 

The iPV/T iwater isystem iwas itested ito idetermine iits ielectrical iand ithermal iperformances iat isteady 

iconditions ifor ivarious ioperating itemperature. iThe iinlet itemperature iof iwater iwas inot iconstant idue 

ito ithe itype iof isystem iimplemented i“Close iloop isystem", iit ichanges ias ithe ioutlet itemperature 

ichanges itoo. iFor imeasuring ithe iload icurrent iand iload ivoltage imulti-meters iwere iused iseparately, 

ibesides ian ierror iof i± i0.3% iwas iconsidered ifor iall ithe imeasurements. iThe iPV/T icollector iwas 

ioperated iat ia ivariable imass iflow irate iduring ithe iexperimentation. iDigital iinfrared itemperature igun 

iwas iused ito irecord ithe itop iand ithe iback itemperature iof ithe ipanel. iFor ithe idetermination iof 

isystem ithermal iefficiency, ithe iPV/T idevice iwas iconnected iwith ia iload ito iavoid iPV imodule 

ioverheating iand ito isimulate ireal isystem ioperation iusing ithe isolar iradiation ithat iis iconverted iinto 

iheat iinstead iof ielectricity. i 
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All ithe idata irelated ito ithe ielectrical iand ithermal iperformances iof ithe iPV/T iwere itaken iwith 

ithirty i(30) iminutes iof iinterval ibetween ithe ivalues. iThis idata iwas iused ito ievaluate ithe ioverall 

iefficiency iof ithe iPV/T isolar icollector iwater ibased. 

Figure i2 ishows iillustration iof ithe idifferent iparameters imeasured ito ianalyse ithe iperformance iof 

ithe icollector. 

 

Figure i2: iSchema ito i indicate idifferent iparameters imeasured iduring iexperimentation. 

II. RESULTS iAND iDISCUSSION 

PV icells iare isuffering ifrom ilow ielectrical ienergy iefficiency idue ito ithe iwarming iof ithe icells iand 

ithe iunavailability iof ilow iambient itemperature ifor icooling iwarm iPV icells. iThus, iby iplacing ia 

isolar ithermal icollector ibehind ia isolar iphotovoltaic iPV imodule, ithe iPV icells ican ibe icooled iup 

iwhile iat ithe isame imoment irecovering ithe iheat. iIn ifact, ithe isolar icollector ican ireturn imost iof 

ithe ienergy ithat ipassed ithrough ithe imodule ithat iwould iprobably ibe ilost, ithen irecovering iit ifor 

iuseful iand iproductive iapplications. 

In ithis isituation, ithe iPV icells iwere icooled iby isolar ithermal icollector iwith iinlet iand ioutlet ifluid 

iflow iinside ithe iabsorber ias ishown iin iFigure i3. i 

 

Figure i3: iSchema iof ithe iPV/T icollector iside. 

The iheat iproduced iby ithe isolar icells iwas iutilized ito iwarm ithe iwater iunder ithe imodule iin iorder 

ito icontrol ithe itemperature iof ithe iPV iby ithe iflow iof ithe icooling ifluid. iThe ihourly ivariation iof 

http://www.ijsrem.com/


              International Journal of Scientific Research in Engineering and Management (IJSREM)  

              Volume: 05 Issue: 03 | March - 2021                                                                                                    ISSN: 2582-3930                                                                                                 

 

© 2021, IJSREM      | www.ijsrem.com Page 7 

 

ithe iambient itemperature, iwater iinlet iand ioutlet itemperature, isolar iradiation ifor ithe iseven idays. 

iDuring ithe itest, ithe imaximum ihot iwater itemperature i44℃ iof ithe isystem iwas iobtained iwhile ithe 

iambient itemperature iwas iat i38.8℃. iThe iefficiencies iresults iplotted ion ithe igraphs ibelow iwere 

ibased ion iperformance ianalysis ifor iseven idays idata iobtained. iAll ithe ivalue iwere irecording iwith 

ian iinterval iof i30 iminutes ion ithe idays iof iexperiments i(from i14th ito ithe i20th iof iApril i2020). i 

Figures ibelow ishow ithe iefficiencies iresults iof ithe icollector iversus itime ifrom ithe ifirst iday ito ithe 

ilast iday iof iexperiment. iThe iresults ion ithe igraphs irepresent ithe ivalues iof ithermal iand ielectrical 

iefficiency iat ia ispecific itime iof ithe iday. 

Figure i4: iGraphical iplot iof itest iresult iof iefficiencies i(thermal, ielectrical  iand iPV/T) ias ifunction iof itime iduring iday i1. 

Figure i4 irepresents iefficiencies iof ifour idistinctive iparameters i(Thermal iefficiency, ielectrical 

iefficiency, iPV/T iefficiency, isolar iradiation) iwith itime iassessed iin iDay i1. iThe iresults ishow ithat 

ifrom i08:00 ito i11:00 iam, iThermal iand iPV/T iefficiencies iexhibit iincrease ifluctuation ithat ireached 

ia imaximum iof i53% ithat ilater idecreased ito i33% ibetween i11:00 iand i11:30 iam. iConversely, ifrom 

i12:00 ito i18:00 ipm ithe iaforementioned iefficiencies irepetitively iincreased iand iprogressively 

idecreased iwith iPV/T idominating iover ithermal iefficiency. iOn ithe iother ihand, ithe isolar iradiation 

iefficiency ishows ia iparabolic itendency iwith ia iprogressive iincrease iup ito i55 i% ifrom i08:00 ito 

i12:30 ipm ithat icontinuously idropped ito i11% ibetween i12:30 ito i18:00 ipm. iFinally, ifrom i08:00 ito 

iabout i11: i36 iAm, ithe ielectrical iefficiency iwas i0% iand isteadily irose ito i13% ifrom i11:50 iam ito 

i14:00 ipm iand idrastically idropped ito i2% ifrom i14: i30 ito i15:30 ipm iand ibecame iconstant itill 

i18:00 ipm. i 

http://www.ijsrem.com/


              International Journal of Scientific Research in Engineering and Management (IJSREM)  

              Volume: 05 Issue: 03 | March - 2021                                                                                                    ISSN: 2582-3930                                                                                                 

 

© 2021, IJSREM      | www.ijsrem.com Page 8 

 

Here, ithe ifirst ipeak iobserved iat i11am iwas idue ithe iconnexion iof ithe iload ion ithe icircuit ito ibe 

iable ito iread ithe icurrent igenerated iby ithe iPV imodule. iThe icurves irelated ito ielectricity iand 

ithermal iefficiency ishown ithe iperformance iduring ithe ipreparation iof ithe iexperiment ibefore ithe 

inormal ioperating isystem. iWe ialso inoticed iwhen ithe ithermal iefficiency idrops ithe iinlet 

itemperature istarted ito irise ifrom i18° ito i20° i. iThe idesigned iPV/T iwas iresponding ias iexpected ito 

ithe isolar iradiation, ithe iresults ion ithe isecond iday iof ithe iexperiment iwere iexpressive icompared ito 

ithe istarting iday. 

Figure i5: iGraphical iplot iof itest iresult iof iefficiencies i(thermal, ielectrical  iand iPV/T) ias ifunction iof itime iduring iday i2. 

The iresults iplotted iin iFigure i5 ishow ithat ifrom i08:00 ito i10:30 iam, iThermal iand iPV/T 

iefficiencies iexhibit iincrease iuntil ia ivalue iof i44% ithat ilater idecreased ia ibit ibetween i11:00 iand 

i12:30 iam. iOn ithe iother ihand, ifrom i12:12 ito i18: i12 ipm ithe iabove-mentioned iefficiencies 

irepetitively iincreased iand iprogressively idecreased iwith iPV/T idominating iover ithermal iefficiency. 

iThe isolar iradiation iefficiency ishows ia iparabolic itendency iagain iwith ia iprogressive iincrease ifrom 

i08:00 ito i12:48 ipm ithat icontinuously idecrease ito i11% ibetween i12: i48 ito i18: i12 ipm. iFinally, 

ifrom i08:00 ito iabout i9: i30 iam, ithe ielectrical iefficiency iwas i0% iand isteadily irose icontinuously 

ifrom i11:50 iam ito i14:00 ipm iand idrastically idropped ifrom i14: i00 ito i15:30 ipm. iThe ihighest 

ivalue ion ithe ielectrical iefficiency iwas iobtained i18.89%. iFrom ithe irecorded idata icalculated, iFigure 

i30 ipresents ivalues iof ifour icharacteristic iparameters i(Thermal iefficiency, ielectrical iefficiency, 

iPV/T iefficiency, isolar iradiation) iwith itime iassessed iin iDay i3. iThe icurves iof ithermal iefficiency 

ishow ia ibrutal idrop ipoint ifrom i48% ito i33% ibetween i9:30 ito i10:30; iand ithe ielectrical iefficiency 

icurve ishows ian iintense ipeak iat i13.30pm iwith ian iefficiency iof i15.09 i%. iThese iresults iare 

iexplained iby ithe ipresence iof ithe imixture iof iwater iin ithe isystem.Also, ifrom i10:30 ito i18:00 ithe 

Figure 6:Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time during 

day 3. 
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iThermal iefficiency iswings islightly iup iand idown ilike ibetween i33% iand i36%. iThe iPVT ishows 

ithe iexact iintense ipeak ibut iwith igreater iefficiency, iwhile ithe ielectrical iefficiency ibecame iquickly 

iefficient icompares ito ion iday i1 iand i2, ireach iits ihigher ivalue iaround i13:30 isensibly iof i16%.The 

isame iobservation ias iFigure i6 iwas idone ion ithe iFigure i7 ias ishown ibelow, ibut iwith islightly 

idifferences ion ithe itime iwhere ithe ielectrical iefficiency ioccurred, ithe ithermal iefficiency idropped 

iand ia ilittle ichange ion ithe isolar iradiation. iThe iparabolic icurve iobserved ifrom i9:30 ito i15:30 ion 

ithe ielectrical iefficiency iwas idue ito ithe isolar iradiation. iOn ithe iother ihand, ithe ithermal iefficiency 

ireached ia imaximum ibetween i9:30 iand i10:30 iof i48%, ibefore idropped iand istarted irise ito i42% 

ifrom i11:30 ito i18:00. iThe imaximum ivalue iof ithe iPV/T iefficiency iwas iobserved iat i11:00. 

iMoreover, ithe iparabolic iincrease iand idecrease ibehaviour iof isolar iradiation iobserved ibetween 

i08:00 iam iand i18: i10 ipm iwas idue ito ithe iangle iof ithe ipanel ifacing ithe isun. 

Figure7: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time 

during day 4. 
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In iFigure i8, ithe iquick irising iof ithe ielectrical iefficiency iobserved icould ibe iexplain iby ithe ihigh 

iinsolation ifrom i9:00 ito i17:30, iit ivaried iand ireached ia imaximum ivalue iof i13%. iThe ithermal 

iefficiency ireached iits ipeak ito i62% iat i10:30. 

This ican ibe iexplained iby ithe iusage iof ia iclosed iloop isystem ibecause iof ithe imixture iof icold iand 

iwarm iwater iprovoked ia irising iof iinlet itemperature iwhich iat ia icertain itime iof ithe iday idoes inot 

icool ithe iPV imodule ianymore ito iaffect ithe ielectrical iefficiency iand ithe iPV/T iefficiency. iEqually, 

ifrom i11:00 ito i18:00 ithe iPV/T iandithermal iefficiencies irepetitively iincreased iand iprogressively 

idecreased iwith iPV/Tidominating iover ithermal iefficiency iuntil ithe ielectrical iefficiency iwere inil. 

Figure i9: iGraphical iplot iof itest iresult iof iefficiencies i(thermal, ielectrical  iand iPV/T) ias ifunction iof itime iduring iday i6. 

Figure 8: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time during 

day 5. 
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The iresults ion iFigure i9 iare icompletely idifferent. iSolar iradiations idropped iat i12pm ifrom i902 

iW/m2 ito i785.1 iW/m2 i, iwith ia idramatic islip iof ithe ielectrical iand iPV/T iefficiencies iat i12:30. iAs 

ithe iinlet itemperature iincreased ithe ithermal iefficiency idecreased iand ibecame imore ior iless 

iconstant iwith ia ipeak iof i55% iat i10:00. iThe ifluctuation iof ithe ielectrical iefficiency iremained ivery 

ilow icompared ito ithermal iefficiency, ibut imore iimportant icompare ito ithe iprevious idays iwith ifive 

iplotted ivalue iover i15% iof iefficiency. iFinally, ifrom i08:00 ito iabout i9:30, ithe ielectrical iefficiency 

iwas i0% iand isteadily irose ito i13% ifrom i10:00 iam ito i12:30 iand idrastically idropped ito i0% ifrom 

i12: i30 ibefore irise iagain ifrom i12:30 ito i18% iand iprogressively idropped itill i18:00 ipm. 

In ifigure i10 ias ishown ibelow, iseveral ipeaks irelated ion ior ito ithe idifferent iefficiencies iare 

inoticeable, itherefore ithe ireaction iwhich ioccurs ion isolar iradiations idropped iat i12:00, i13:00 iand 

i15:30 ilead ito ithe iyield iobserved ifor ithese iefficiencies. iThe iElectrical iefficiencies iare ilow iand 

inot iconstant icompared ito ithermal iefficiency iand iit idepends imore ion ithe isolar iradiation iat ithe 

itime iof ithe iday. iTwo ipeaks ioccurred ifor ithe ielectrical iefficiency iwith ithe ibest iefficiency iof 

i19% iat i13:00. In igeneral i, ielectrical iefficiency ivaried ibetween i0% ito i18.89%, ithermal iefficiency 

ifrom i0.76% ito i61.65%and ifor ithe iPV/T iwater isolar icollector iefficiency ibetween i1% ito i68% 

iwith ian iaverageivalue iof i41%., iFigures iabove iare ithe iperfect iillustration iof iit.iDuring itesting 

idays, ithe iwater igot iwarm ito ia imaximum itemperature iof i44℃. 

 

 

Figure 10: Graphical plot of test result of efficiencies (thermal, electrical and PV/T) as function of time 

during day 7. 
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III. CONCLUSION 

The iimpact iof ilow ienergy iefficiency iof iPV imodule iin ithe imarket iglobally iand iparticular iin 

iINDIA iincreases ithe ipayback iperiod iof ithe isystem iand iincrease ithe icost iof ienergy iproduced. 

iThe imain iobjective iof ithis iresearch iwas ito idevelop, ibuild iand itest ia isolar ienergy isystem ithat 

ican ihelp ion iresolving ithe iproblem iof ilow iefficiency. iA iliterature ireview ion iavailable iworks, 

iexperiments, iand ianalyses iof iPV/T iliquid isystems iusing iwater ias ifluid iwas ipresenting ia ilow 

iincrease iin ielectrical iefficiency ibut ia iconsiderable iyield ion ithe ioverall iPV/T iefficiency, ibecause 

iof ithe isimultaneous ioperation iof ithis isystem icoupling iwith ia ithermal icollector. iDesign iand 

iconstructed iPV/T iwere idescribed. i 

The ielectrical iefficiency iof ithe iPV/T iwas iobtained ifrom ithe iratio iof ithe ioutput ielectricity ito ithe 

iincident isolar iradiation iwith ia imaximum ivalue iof i18.89%. iThe ithermal iefficiency iof ithe iwater 

iPV/T iwas idefined ias ithe iratio iof ithe ioutput iheat ito ithe iincident isolar iradiation iwith ia 

imaximum itemperature iof iwater iheated iat i44℃. iFrom ithe iPV/T imodel, iit iwas ifound ithat ithe 

iresults iof ithermal iefficiencies iwere imoreifavourable ito ibe iused, iThis ishowed ithat ithe ieffect 

icould inot ibe ineglected iin ithe icalculation iof ithe iglobal iPV/T iefficiency. iIt iwas ialso ishown ithat 

iusing iwater ito icool ithe iPVT isystem icould ihelp iincrease ithe ielectrical iefficiency ito ia ibetter 

iperformance iwith idecrease iof isolar iradiations ion ithe iPV imodule. i 

Additionally, ithe iPV/T ipresented ia iconsiderable iyield ion ithe ioverall iPV/T iefficiency, ibecause iof 

ithe isimultaneous ioperation iof ithe iPV imodule iand ithe ithermal iabsorber ieven iif ithe iresults istill 

ineed ito ibe iimproved. iThe ifact iof ienhanced ithe ienergy iefficiency ion ithe iPV/T iwill iincrease ithe 

icompetitiveness iof iPVT icollectors iand iutilization iof irenewable ienergy idevices. 

 

IV. 5.5 iRECOMMENDATIONS 

Future iwork ishould ihave idifferent iapproaches, iespecially ion ithe isystem iitself. iThe iprinciple iof 

iusing ia icoolant ishould ihave imet ithe iexpectation ion ithe ielectrical iefficiency iat ia icertain 

itemperature iif ithe isystem iwas inot ia iclosed iloop iusing ithe isame icirculating iwater. iThe ieventual 

iheat icapacity iof iwater ishould ibe iconsidered inon iconstant isince iit ican ichange iaccording ito ithe 

iambient itemperature ito idetermine ithe imass iflow irate. iThe icelling ibetween ithe iPV imodule iand 

ithe iabsorber ishould ibe iproperly idone iinstead iof iusage iof icheap iglue, iit iwill ibe iprobably ibetter 

ito iwell iif ithe imaterials ichoose imatch. iAlso iextend ithe iperiod iand itime iof iexperimentation ito 

ihave ia istrong iview iduring ithe ifour iseasons i(winter, isummer, iautumn iand ispring). 
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