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Résumé

Cette recherche présente une ¢étude analytique des performances des cellules
photovoltaiques sous l'influence de variables environnementales, en mettant l'accent sur le
role des matériaux absorbant la chaleur comme solution technique pour le refroidissement des
cellules dans les systémes photovoltaiques a concentration hybrides (HCPV). Les résultats de
la simulation via I'environnement MATLAB/Simulink ont démontré que l'intensit¢ du
rayonnement solaire est le facteur le plus influent sur I'augmentation de la puissance produite.
En revanche, 1'é¢tude a révélé I'effet négatif de 1'élévation de la température, ou l'augmentation
de la chaleur de la cellule a entrainé une baisse de puissance due a la chute de tension. Par
conséquent, l'intégration de matériaux absorbant la chaleur est une nécessité impérative dans
les systémes a concentration pour maintenir l'efficacité des cellules et prévenir la dégradation
de leurs performances thermiques, contribuant ainsi a maximiser l'exploitation de l'énergie

solaire dans les environnements chauds.

Mots-clés : Solaire photovoltaique a concentration (CPV), Cellules photovoltaiques hybrides,
Refroidissement par matériaux absorbant la chaleur, Modélisation et simulation

(MATLAB/Simulink), Efficacité de conversion énergétique.



Abstract

This research presents an analytical study of photovoltaic cell performance under the
influence of environmental variables, focusing on the role of heat-absorbing materials as a
technical solution for cell cooling in Hybrid Concentrated Photovoltaic (HCPV) systems.
Simulation results using the MATLAB/Simulink environment demonstrated that solar
radiation intensity is the most significant factor in increasing power output. Conversely, the
study revealed the negative impact of rising temperatures, where increased cell heat led to a
decline in power due to voltage drop. Consequently, the integration of heat-absorbing
materials is an imperative necessity in concentrated systems to maintain cell efficiency and
prevent thermal performance degradation, thereby contributing to maximizing solar energy

utilization in hot environments.

Keywords: Concentrated Photovoltaics (CPV), Hybrid Photovoltaic Cells, Cooling with
Heat-Absorbing Materials, Modeling and Simulation (MATLAB/Simulink), Energy

Conversion Efficiency.
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Leo il Cagylall Cabide & el Lgdlaly dadlal) LgneliSl flas sasgll oda Lodl 3 a8
MATLAB/Simulink &y alasiul 38 dalad ehay dulic lglaay

STC Lowlidll ,HLaaY) Jag s cand sangll o3gl Zaldy) 4Lyl (ailiadll (1) Jsaall (e

25°C lajlia a 3,351000 W/M? )% wad g lad] b Jias Sl

SunPower SPR-415E-WHT-D &isag el sassll 45805e<0 claalgall 1 (1-V) Jsaall

STC aue
MODULE: SunPower SPR-415E-WHT-D
Maximum Power (W) : 414.801 Cells per module (Ncell) :128
Open Circuit Voltage (V) :85.3 Short—circuit cuirent Isc (A) : 6.09

Voltage maximum power point Vmp (V) | Curent at maximum power point

: 72.9 Imp. (A) : 5.69

Température coefficient of voc (deg.c) : | Température coefficient of Isc

-0.229 (deg.c) : 0.0030706

IS gy Bansll 3lseSl oY1 Gliaie e alaieY) & oz dsaill daa o Gl (sl

in el g ladY) (e ddlide Cilbigine die (P=V) agal-spally (1-V) agallall cilbiaia (2)

o e plady) Gld ae phall daps ad LEG (3) JSA caw L gball A cild
Lalisagll
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Module type: SunPower SPR-415E-WHT-D
T
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| | | | | | ®
5 1 15 2 2 C = @

Veoltaze (V)

g ladY) (e dilide Cligine die diging el sasll (P-V) 5 (I-V)liaie : (2-V) JSA
.

Array type: SunPower SPR-415E-WHTD;

10 series modules; 40 parallel strings
350 T T T T T T T
T —
230 - -
g
* 20 7
§ 1~ -
S
100 [~ 1
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5 1 1 1 1 1
0 L 10 150 20 20 &€
Voltage
1-“
" 210
0 T T T T T T T
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€ s .
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a
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| 1 1 | 1 1 »
Ey 100 150 20 20 300 30 &0
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Adigung Sl Bassl) 5eliS Gentl all dnjag g ladY) (e IS 8 aSanll Laal 2S5 Lan ¢ (gl

ol gyl s Aaglll ool auifiy alil z3saill 382 e 3R 8 ) 02 aadiius
Aadiyall Hhall Gilayy @l Gl b dals sl
MATLAB ) aiiul dudnd) clpsial) 5l cod 4 g 68l i) o)df lslas -3-V

Cun ¢ MATLAB/Simulinkzeliy aladials (4) JSa0) 8 measall sSaall 3508 el o
£ lady) o JS1 Bprie joliae zhl o LS L deadd) 40all A8 55000 DA doglaiall (paams
- (V) skl agadly (1) poladl lall (ulal Ml ) BLaYL plall dajag asedd)

O ool Bba Slayug ¢ WIMP10005 200 o sl oolad] (530 Gana 5SLaal) cual
Gliaie dalat ae (dards Alla IS 2ie 5paally Lilly agall ad Jaaas 23 285 35 °C5 15 °C

Dbilly Bl g il el e 13kl oY) @ldse Glea ) dila) ¢ (P-V) 5 (1-V)

ocadl] 38 5US e i) Cagylall il and Caagy Glldg cagally
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Simulink (:‘J;:v.ub Z\:ﬁ}m‘i)@ﬂ\ w\ dalal) 3aag CJJAA :(4—V) JS.JJ\
BlSlaal) cilajia -4-V
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Lot et e ¢ (PV) sgadhsill llimia (FV) sgadh ) clinie e il dalge
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s il (V) (W/m?) pasll ¢ L) Bhall day
200 400 600 800 1000 oC
Vinax 15.49 | 30.79 45.89 60.80 73.8 15
Vinax 15.51| 30.83 45.96 60.88 73.4 20
Vinax 15.54| 30.88 46.03 60.96 72.93 25
Vinax 15.56| 30.93 46.10 61.03 72.4 30
Vmax 15.59| 30,98 46.17 61.09 71.83 35
dpcead) A8l Ansll Ll 8 iyl adl 1 (3-V) 52l
L) 8lSlae il
=i (A) (W/m?) pesndtl) ¢ L) Byhall 4a)
okal) 200 400 600 800 1000 °Cc
| max 1.208 2.401 3.579 4.7742 5.756 15
| max 1.21 2.405 3.585 4.7748 5.724 20
| max 1.212 | 2.408 3.59 4.754 | 5.688 25
| max 1.214 2.412 3.596 4.76 5.647 30
| max 1.216 2.416 3.601 4.764 5.602 35
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dpcsadl) A8UAL) dasll 8)08l) & i) ol 2 (4-V) Jsaall

L) B8l il
i) (W) (W/M?) cusnidll & L) Byhall da
9> 200 400 600 800 1000 ’C
Prax 18.71 | 73.92 | 164.3 | 288.3 | 424.8 15

P max 18.77 74.15 164.8 289.1 420.1 20
P max 18.83 74.38 165.3 289.8 414.8 25
P max 18.89 74.6 165.8 290.5 408.8 30
P max 18.95 74.83 166.3 291.0 402.4 35

Power vs Iradiance at Different Temperatures Voltage vs Iradiance at Different Temperatures Current vs Irradiance at Different Temperatures
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gyl 5ad o ik duy cad PC15 Ly Al 5 da o die sl il dalas DA (g
.@yaj)@ﬁ\ Shjﬂ 2\931.1)@5&\ uA:!L«A;j\ uileOO W/mz‘_gl 200W/m2 u.n :_A.unaﬂ |

85



uadd) oldy) AU dupa  Matlab/Simulink aladiu)  ualdd) Juadl)
LAY Bl das Ao

Pmax calanll 8,02 <
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424.8 —18.71

~ 0f = X
21,71% = 100 1871

SN 18 TW e Jani Cum 8y 52L) oyl Prge (cabiall 508l of itull ek
AN daidl) Caada 22 L Jolan Le 529 %2171 a5 dess 32Ly 6l 424.8W

omndl g LY 52y ) G Bydlaall ALy iy g

lmax (sedae¥) Lol &
() paadl)

5.756 — 1.208

~ . 0f = X
376.7% = 100 1208

dasesi Bals) Dawse 5.756A ) 1.208A (e ais)l 38 ¢ Iy ealae¥) lall dually
Ul e e leddd jabuall il Guen Las <%376.7 ol
Vinax olac¥l 2gall o

e,um i)
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376.5% = 100 X 1549
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bl e oyily 45lae saa J8 agall e g lesl) 580 au g )Y 1 25 .%376.5
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+376.7% 5.756 1.208 (A)lmax
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(G=1000W/m? 2cT=35C 5 T=15C (s dilia ) had) dapa s i
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402.4 — 424.8
424.8
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