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Abstract 
This istudy iaimed  ito  ievaluate ipassive icooling iperformance  iof  ia iPV imodule iusing 

itwo  idifferent idesigns iof inovel   ipassive ifin  iheat isinks. iAn experimental rig under 

real environmental conditions was tested. iAt ian average isolar radiation  iof  

i1000W/m2
 iand  ian ambient itemperature iof  i33°C, ithe iresults irevealed  ithat ithe 

ipassive icooling iwith  ilapping ifins idesign  idemonstrates ithe ibest iperformance  iwith  

imean  iPV imodule itemperature i24.6 i°C ilower ithan ithe  iPV imodule iwithout icooling. 

iHence, ithe iachieved ielectrical iefficiency  iand ipower ioutput iare ias ihigh ias i10.68% 

iand  i37.1  iW irespectively. iWhereas, ithe iLife iCycle iCost iAnalysis i(LCCA) iwas 

iconducted iand ithe ianalysis    ishowed  ithat ithe ipayback iperiod  ifor iPV imodule iwith  

ilongitudinal iand  ilapping ifins iare i4.2  iand  i5 iyears   irespectively. iWhile, ifor ithe 

ireference iPV imodule, ithe ipayback  iperiod  iis i8.4  iyears idue ito  ithe iperformance  

degradation icaused  iby iincrease iin iPV itemperature. iTherefore, iPV imodule icooling 

iusing ipassive itechnique iparticularly iwith ilapping ifins idesign  iis iconcluded  ias ithe 

ipreferred  ioption.  

Keywords: iPassive icooling; iheat isink i; iconcentrated; iefficiency, iLCCA.  

Introduction  

Solar ienergy igained ivia iPV itechnology iis iassumed ito ibe ithe ikey iof 

isustainable ipower igeneration ifor ivarious  iapplications. iIn i2018, isolar ienergy 

iaccounted ifor i42.5% iof itotal iinvestment iamong iall inew irenewable ienergy 

isystems iand the iincrease iin ithe iinstallation icapacity iof isolar iPV ipower 

iworldwide iwas irecorded iat i7% iwhich gives iover i107 iGW iof iinstallation 

icapacity i[1]. iPV iharnesses ielectrical ienergy iwhen iit iabsorbs ithe iincident 

isolar  iradiation. iHowever, iin ithe imarket itoday, ithe imost iefficient isolar ipanels 

ican iconvert ithe iabsorbed isolar iradiation  ito ielectricity iat i22.8% iefficiency, 

iwhereas imost iof ithe ipanels iavailable iin ithe imarket iare i15% i-17% iin 

efficiency. iSuch iefficiency ivalues iimply ithat ionly ia ismall ifraction iof ithe 

isolar iradiation iis icaptured iand   converted ito ielectricity. i iIn iaddition idue ito 

ithe iabsorption iof isolar iradiation, ipanel itemperature iundesirably increases, 

iwhich iresults iin idrop iin iefficiency ialso idegradation iof ithe iperformance iof 

ipanel icomponents isuch ias ithe ielectrical iconduits, isealants, isolders i[2]. i 

iReported i iin i[2], idue ito ithe inegative ieffect iof i‘high itemperature’ ionithe iPV 

iperformance, imany iresearch ion iPV icooling imethod ihave ibeen iconducted iup 

ito idate. i iFigure i1(a) iand i(b)isimplify ithe itables iand ipresenting ian ioverall 

iimage iof ithe itemperature ireduction ivariations iachieved iby ipassive iand iactive 
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icooling iof iPV imodule, irespectively. i iFigure i1(a) iand i(b) ishows ithat iwithout 

icooling, ithe iPV imodule itemperature iranging ifrom i32.8–90.0°C, idepending ion 

ithe iworking iand ienvironmental iconditions. iMeanwhile,idifferent ipassive iand 

iactive icooling iapproaches ihave iled ito ilower iPV imodule itemperature iranging 

ifrom i25.0–65.7°C iand i32–70°C ifor ipassive iand iactive icooling iapproaches, 

irespectively.  
Table i1: iPV itemperature idifference iusing ipassive icooling ifrom iselected iresearch iworks 

  Ref”s  
Pv imodule itemp 

without icooling i(
oC)  

Pv imodule itemp 

with icooling i(
oC)  

PV iTemp idifference 

i i (
oC)  

  [3]  84.0  46.0  38.0  

  [4]  N/A  N/A  10.0  

  [5]  N/A  N/A  30.0  

  [6]  76.7  55.5  21.2  

  [7]  80.0  60.0  20.0  

  [8]  83.3  65.7  17.6  

  ] 9[  N/A  N/A  18.0  

  [10]  90.0  65.0  25.0  

  [11]  62.3  50.1  12.2  

  [12]  68.3  51.9  16.4  

  [13]  58.6  34.3  24.3  

  [14]  65.0  45.0  20.0  

  [15]  50.0  25.0  25.0  

  [16]  88.0  45.0  43.0  

  [17]  54.0  35.0  19.0  

  [18]  60.0  55.7  4.30  

  [19]  59.4  30.8  28.6  

  [20]  63.5  48.7  14.8  

  [21]  53.0  42.0  11.0  

  [22]  N/A  N/A  5.20  

  [23]  80.0  61.0  19.0  

  [24]  49.2  43.3  5.90  

  [25]  32.8  31.0  1.80  

Table i2: iPV/T itemperature ireduction iusing iactive icooling ifrom iselected iresearch iworks 

  Ref”s  

Pv imodule itemp 

without icooling i(
oC)  

Pv imodule itemp 

with icooling i(
oC)  

PV iTemp 

idifference 

(oC)  

   [26]  N/A  N/A  22.0  

   [27]  60.0  37.0  23.0  

   [28]  58.0  32.0  26.0  

   [29]  90.0  70.0  20.0  

   [30]  N/A  N/A  32.0  

   [31]  62.0  47.0  15.0  

   ] 32[  45.0  35.0  10.0  

   ] 33[  67.0  60.0  07.0  

   ] 34[  59.0  39.0  20.0  

   ] 35[  60.0  40.0  20.0  
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   [36]  88.0  66.0  22.0  

Figure i1: iPV itemperature iwith/without icooling i(a) ipassive icooling iand i(b) iactive icooling. 

Design iof iexperimental isoftware i iutillized ifor ioptimizing ithe iclaimete iand 

idesign iparameters  

(DOE) iapproach iusing iresponse isurface imethod i(RSM) i/ iFace iCentral 

iComposite iDesign i(FCCD) itechnique ito ioptimize ithe ifactors ithat iaffect ithe 

ipassive icooling iof ithe iPV imodule iwith iplanar ireflector iand itwo iproposed ifin  

iconfigurations i(lapping iand iLongitudinal ifins). iMeanwhile, ithe itilt iangle ihas 

ibeen iwell istudied iin iliterature  ireview iand ithe ioptimum itilt iangle ifor iBangi, 

iSelangor ilocation iwas iconsidered ibetween i10-14o
 i[37]. i iThe design iparameters 

iand ithe ifour aforementioned ifactors; ifin iheight, inumber iof ifins, iwind ispeed, 

iand isolariirradiance ifactors iare icalled iA, iB, iC, iand iD, irespectively, iare 

ipresented iin iTable i3.  
Table i3: iInput ifactors iand irespective ivariation iranges 

   Named  Units  Min  Max  Mean  
 A  Height iof ifin  mm  14  20  17  
 B  Number iof ifins  -  10  20  15  
 C  Wind ispeed  m/s  0.5  1.5  1  
 D  Solar iirradiance  W/m2  400  1100  750  
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Figure i2, iillustrates ian iexample ithat ipresents ithe ioptimum ilapping ifin iheight 

and inumber iof ifins iin iDOE isoftware iatiwind ispeed and isolar iirradiance ikept 

iconstant iat i1 im/s, i1000 iW/m2, irespectively, iand ithe imean iPV imodule 

itemperature iwas iset ito ibe iminimum. i i The results showed that at optimum fin 

height 200 mm, number of fins is 18, wind speed 1 m/s, and solar irradiance 1000 

W/m², the mean PV module temperature could reach 41.6 °C with a desirability of 

97.3%i i Meanwhile, for longitudinal fins (not shown in the figure), the optimum 

fin height is also 200 mm, and the number of fins is 15 
Figure i2: iLapping ifin iheight iand inumber iof ifins ioptimizing iat iws i=1m/s iand iIr i=1000W/m2

 

ifor ireducing ithe iPV imodule itemperature ito iNCOT 

3. Experimental iwork:  
lapping iand ilongitudinal ifins iwere idesigned iand iinstalled ifrom i1st iof iMarch i 

iuntil i30 iSep i2017 ion ithe i7th ifloor iat iSolar iEnergy iResearch iInstitute 

i(SERI), iUniversiti iKebangsaan iMalaysia(UKM). iMeanwhile, iinfrared iimaging 

ihas ibeen iperformed ion ia iclear isunny iday iusing ithermal iimaging icamera 

iTROTEC iIC085LV ias ishown iin iFigure3(a). iIR ihelp ito idetect ithe imodule 

idefects iand itemperature igradients iwithin I a PV imodule ior iarray ioccurring idue 

ito iconvective iheat itransfer i[38]. iIn iaddition, itwo idifferent ifin idesigns 

i(lapping iand ithe ilongitudinal ifins) ihave ibeen icarried iout iexperimentally. 

iFigure i3(b) ishows ithe istages iof ilapping ifins idesign iwithia iplanar ireflector. i  

Figure i3: i(a) iIFcamera, i(b) idesigning ilapping ifins iwith iplanar ireflector 
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An iexperimental isetup iwas idesigned iand ifabricated. iThe isetup iconsists iof 

ithree iparts iside-by iside iFigure i4i(a),(b) iand i(c) ishows ithe isetup iof ithe ibare 

iPV imodule iwithout icooling ifins i(as ia ireference), iPV imodule iwith iplanar 

ireflector iwith ilapping ifins iand iPv imodule iwith iplanar ireflector iand 

ilongitudinal ifins. iThe iexperimental idata iwere icollected isimultaneously ifrom 

ithe ithree idesigned isystems ithrough ithe idata ilogger iand ithe iI-V itracer. i  

 

Figure i4: i(a) iPV iwith ilapping ifins iand iplanner ireflector i(b) iPV iwith ilongitudinal ifins iand 

iplanner ireflector, iand i(c) iBare iPV 
Results iAnd iDiscussion i  
Figure i5, ipresents ithe ihourly ivariation iof isolar iirradiance iand iambient itemperature 

idistribution iwith iand iwithout ireflector.  

 
Figure i5: ihourly ivariation iof isolar iirradiance iand iambient itemperature idistribution iwith iand 

iwithout ireflector i 

1. Bare iPV imodule iperformance  
Table i4 iand iFigure i6 ishow ithe iresults iof ithe ielectrical iperformance iof ithe 

iPV imodule iwithout icooling iat isolar iirradiance ivaried ifrom i400-1000 iW/m2. 

iThe iresults ishowed ithat ishort icircuit icurrent iincreased ifrom i0.94 iA ito i2.3 iA 

iwith ithe iincrease iin isolar iirradiance. iMeanwhile, ithe iopen icircuit ivoltage 

idecreased ifrom i19.6 iV ito i18.5v iunder ithe isame iconditions, ithe ichange iin ithe 

ioutput ipower iwas icalculated iand iwas ifound ito iincrease ifromi11.45w ito i18.5 

iW. i  
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Table i4: iCharacteristic iof ibare iPV imodule iat idifferent isolar iirradiance 

Solar iirradiance  
W/m2  

Isc 

(A)  
Voc 

(V)  
Pmax 

(Watt)  
Electrical 

ieff  
i(ηele)  

400  0.94  19.6  11.45  11.09  
600  1.35  19.25  14.82  10.66  
800  1.93  18.8  17.1  10.25  
1000  2.3  18.5  18.5  9.81  

Voltage i(V) 

Figure i6: iI-V iand iP-V icurves ifor ibare iPV imodule iat idifferent isolar iirradiance 

2. PV imodule iperformance iwith iplanar ireflector iand ilapping ifins The iresults 

iobtained ifrom iPV imodule iwith iplanar ireflector iand i18 ilapping ifins i“as ian 

ioptimal inumber iof ifins igiven iby iDOE isoftware” iis ishown iin iFigure i7 iand 

ifurther isimplified iin iTable i5. iIt ican ibe iconcluded ithat ifor  
isolar iirradiance iranging ifrom i400-1000 iW/m2

 ithe ishort icircuit icurrent, iopen 

icircuit ivoltage, iand ithe ioutput ipower iincreased ifrom i(1.1-2.65 iA), i(19.0-20.1 

iV), iand i(11.26-31.9 iW) irespectively. i  
Table i5: i iPV imodule iresults iwith ireflector iand i18 ilapping ifins ifor isolar iirradiance ivaried 

ifrom i400-1200  iW/m2 

Solar iirradiance 
W/m2 

Isc 

(A) 
Voc 

(V) 
Pmax 

(Watt) 
400 1.10 19.00 11.26 

600 1.50 19.59 16.94 

800 2.07 19.85 24.3 

1000 2.65 20.10 31.9 

1200 3.02 20.15 37.1 
  

  
 0 5 Voltage i(V)10 15 20   



Experimental iEvaluation iof iPassive iCooling iPV iModule iusing iDifferent iHeat iSinkiConfigurations Elbreki &Aboghrar  

 

57 
Special issue: Seminar on the transition to clean energy in Fezzan: Renewable energy engineering 
in desert regions - Thursday, 12- -February - 2026 

Figure i7: iI-V iand iP-V icurves ifor iPV imodule iat i18 ilapping ifins 

3. PV imodule iwith iplanar ireflector iand ilongitudinal ifins  For iPV imodule iwith 

iplanar ireflector iand ilongitudinal ifins, ithe ioptimal inumber iof ifins igiven iby 

iDOE isoftware iis i15. iThe iexperimental iresults iare isummarized iand ishown iin 

iTable i6 iand iFigure i8. iIt ican ibe iconcluded ithat ifor isolar iirradiance ivaried 

ifrom i400-1000 iW/m2
 ithe ishort icircuit icurrent, iopen icircuit ivoltage, iand ithe 

ioutput ipower, iwere iincreased ifrom i(1.1-2.01A), i(18.87-19.98V), iand i(11.11-
23.08W), irespectively. i  

  

Table i6 i: iCharacteristic iof iPV imodule iwith ireflector iand i15 ilongitudinal ifins ifor isolar 

iirradiance ivaried ifrom i400-1200 iW/m2 

Solar iirradiance  
W/m2  Isc i(A)  Voc i(V)  Pmax i(Watt)  

400  1.10  18.87  11.11  
600  1.57  19.25  15.91  
800  1.65  19.48  18.19  
1000  2.01  19.98  23.08  
1200  2.58  20.13  30.65  

  

 

Figure i8: iI-V iand iP-V icurves ifor iPV imodule iat i15 ilongitudinal ifins 

 

Overall iperformance iof iPV imodule iwith iand iwithout iplanar ireflector iand ifins 

iconfigurations:  
Figure i9, ishows ithe ioverall iexperimental iresults ifor ithe ibare iPV imodule, iPV 

imodule iwith iplanar ireflector iand i18 ilapping ifins, iand iPV imodule iwith iplanar 

ireflector iand i15 ilongitudinal ifins. iWhen icompared iwith ithe iPV iperformance 

iof ibare iPV imodule, ithe iresults iindicated ithat ithe iPV imodule iwith iplanar 

ireflector iand i15 ilongitudinal ifins ienhance ithe ielectrical iefficiency ifrom 

i9.81% ito i10.7%. iMeanwhile, iin ithe icase iof iusing iPV imodule iwith iplanar 

ireflector iand i18 ilapping ifins, ithe ielectrical iefficiency iimproved ifrom i9.81% 

iwithout icooling ito i11.2%. iMoreover, ithe iexperimental iresults ishowed ithat, 

ithe iPV imodule itemperature iwith ifin icooling iat isolar iirradiance i1000 iW/m2
 

iwas ias ilow ias i49.03 i
°C iand i41.6 i

°C iwhen ipassive icooled iusing ilongitudinal 

ifins iand ilapping ifins, irespectively. i iUnder ithe isame iexperimental iconditions, 

ithe itemperature iachieved iby ithe iPV imodule iwith ilongitudinal iand ilapping 

ifins iheat isink iare i23.8% iand i35.3% irespectively ilower icompared ito ithe ibare 

iPV imodule itemperature iwithout icooling. iIn iaddition, iat i1200 iW/m2
 ithe 
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ipower ioutput iof ithe iPV imodule iare i30.6 iW iand i37.1 iW ifor ithe ilongitudinal 

iand ilapping ifins irespectively. iIt ican ibe iconcluded ithat ithe ilapping ifins ihas ia 

isuperior iperformance icompared ito ilongitudinal ifins.  

 
 Voltage i(V)   

Figure i9: iComparison iof ioutput ipower ifor ithe idesigned ifins 

Life iCycle iCost iAnalysis i(LCCA) ifor ilapping iand ilongitudinal ifins  
The ioverall iLCC ifor ithe ibare iPV imodule, iPV imodule iwith ilapping ifins, iPV 

imodule iwith ilongitudinal ifins, inet ipresent ivalue, iand ithe iannual ienergy 

iproductivity iare iillustrated iin iTable i7 iand iFigure i10.  
  

 iTable i7: iLCC ianalysis iof iPV imodule iwith ilapping iand ilongitudinal ifins iwith ioptimum 

iparameters  
Description  PV+ ilapping ifins  PV+ ilongitudinal 

ifins  
Bare iPV imodule  

Life iCycle iCost iLCC i(USD)  151.4  140.6  42  
Total iInitial iCost i(USD)  123  113.00  34  
Maintenance iCost i(USD)  4.37  3.61  2.86  
Replacement iCost i(USD)  24  24  4.46  
Net ipresent ivalue i(USD)  262  198  29.79  
Annual iEnergy iProductivity 

i(kWh)  
54  46.  40.  

Simple iPayback i(Years)  4.20  5.0  8.4  

  

PV with Longitude fins PV with 

Lapping fins Bare PV module 

Figure i10: iLife icycle icost ianalysis i ifor ilapping iand ilongitudinal ifins 
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Conclusion  
From ithe iDOE ianalysis, ithe ioptimum ifin iheight iis i200 imm ifor iboth ilapping 

iand ilongitudinal ifins iheat isinks irespectively. iMeanwhile, ithe ioptimum 

inumber iof ifins ifor ilapping iand ilongitudinal ifins iheat isink iare i18 iand i15 

irespectively. iPassive icooling iwith ilapping ifins idemonstrates ithe ibest 

iperformance iwith imean iPV imodule itemperature i24.6 i°C ilower ithan ithe 

ireference iPV imodule, iwith ithe iachieved ielectrical iefficiency iand ipower 

ioutput  ias ihigh ias i10.68% iand i37.1 iW irespectively. iThe iLCCA ishowed ithat 

ithe ipayback iperiod ifor iPV imodule iwith ilongitudinal iand ilapping ifins iare i4.2 

iand i5 iyears irespectively. iMeanwhile, ifor ithe ireference iPVimodule, ithe 

ipayback iperiod iis i8.4 iyears idue ito ithe iperformance idegradation icaused iby 

ithe iincrease iin iaverage  

iPV itemperature. iTherefore, icooling iPV imodule iusing ipassive itechnique 

iparticularly iwith ilapping ifins idesign iis iconcluded ias ithe ipreferred ioption 

iover ilongitudinal ifins idesign idue ito iits isimplicity iand ilow-cost. i  
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