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Abstract:

Photovoltaic technology has emerged as a central pillar of renewable energy generation and a vital enabler in the global transition
toward sustainable, low-carbon energy systems. Among the multiple challenges faced by PV systems, shading represents one of the
most prevalent and detrimental factors affecting their performance. Whether caused by nearby buildings, trees, transmission lines, or
even temporary obstructions such as passing clouds, shading reduces the availability of solar irradiance on module surfaces, leading to
significant power losses, hot spot formation, mismatch issues, and accelerated degradation of solar cells. Given the unavoidable nature
of shading, especially in dense urban environments, comprehensive research into its impacts and the development of effective
mitigation strategies have gained considerable momentum recently.This review article presents an in-depth analysis of shading
phenomena on photovoltaic panels and critically evaluates the effectiveness of existing and emerging solutions. The study begins by
classifying shading into various categories, such as horizontal, vertical, oblique, and scattered, each of which influences PV module
output in distinct ways. Horizontal and vertical shadows typically create partial shading patterns that disproportionately affect series-
connected cells, while scattered and oblique shading introduces irregular current mismatches that compromise both the fill factor and
overall efficiency. The review highlights that even minimal partial shading can disproportionately reduce system output due to the
series configuration of PV cells, where the weakest cell dictates the performance of the entire string. Furthermore, hot spots induced
by shading not only lower output but also jeopardize the structural integrity and lifespan of the modules. To counter these adverse
effects, three principal groups of mitigation strategies are examined.The first involves electrical devices such as bypass diodes, DC
optimizers, and microinverters. Bypass diodes, when integrated at the cell or string level, provide alternative pathways for current flow,
thereby limiting voltage drops and preventing local overheating. Studies reveal that modules with integrated bypass diodes exhibit
substantially reduced power losses under single-cell or row shading compared with standard modules. DC optimizers, though costlier,
further enhance individual panel performance by dynamically adjusting voltage and current, while microinverters enable independent
operation of each module, reducing system-level mismatch. The second strategy relates to modifications in cell structure. Advances
such as half-cut cells and shingled cells distribute shading effects more evenly across the module, thereby minimizing mismatch losses.
Experimental evidence indicates that half-cell configurations can reduce current loss by over 25% compared to full-cell modules under
localized shading. Similarly, shingled modules enhance both current pathways and compatibility with bypass diode integration, leading
to improved resilience against irregular shadows. The third and most innovative category involves reconfigurations of PV array
interconnections. Traditional series-parallel arrangements often exacerbate mismatch issues under partial shading, whereas advanced
configurations offer superior shade tolerance. In particular, have demonstrated remarkable improvements in experimental and
simulation studies. Reported results include up to 22.46% enhancement in maximum output power and as much as 53.68% reduction
in mismatch losses compared with conventional methods. Moreover, physical rearrangement techniques that disperse shadowed cells
more uniformly across the array further improve fill factor and reduce hot spot risks, making them promising candidates for large-scale
deployment. Beyond technical solutions, the review underscores the importance of integrating predictive modeling, machine learning,
and smart monitoring systems into PV management frameworks.Emerging approaches involve artificial intelligence—based shading
prediction models, hybrid analyses that consider the combined effects of shading and soiling, and the exploration of novel PV
technologies such as bifacial and flexible panels. These innovations not only mitigate shading impacts but also improve adaptability in
diverse installation contexts. In conclusion, shading is a major challenge to photovoltaic efficiency but also an opportunity for
innovation. While electrical devices and structural improvements benefit small-scale systems, advanced reconfiguration methods such
as Sudoku arrays show great promise for larger and urban applications. Choosing the right strategy requires balancing performance,
cost, and site conditions. Future research should focus on smart grid integration, economic and environmental assessments, and scaling
up novel technologies to support the transition to sustainable energy.

Keywords:Photovoltaic Panels, Shading, Bypass Diode, Cells Configuration, Renewable Energy.

Date of sending the article: 2025/01/30
Acceptance date of the article: 2025/08/2

Name of responsible author: Aslan Gholami
Corresponding author’s address: Department of Renewable Energy Engineering, Shahid Beheshti University, Tehran, Iran;

Iranian Electric Industry Journal Quality & Productivity Vol. 14 / No. 2 / Summer 2025


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

Iranian Electric Industry Journal Vol. 14/ No. 2/ Summer 2025
Quality & Productivity ISSN 2322-2344
.02 16-28 EISSN 2717-1639

o b allio (o byy 3 Suililggis (o yoi iy o ,5kos 1 4yl ;T
g aalllas g5
TS gode ol ¢ i) sl IS sgmiils 555 bl
1ol pl — 0l — (i S olKasls — pdisazs lags)pl (waige -1
Shayanbozorgpuore@gmail.com
Ol =0l = (e St olRls = pdhnas Glags il (aige 095 -2

a_gholami@sbu.ac.ir

TR

Sl ooliiw! oo 4y (ol HIS 53 (55950 (L dyazi ol adsi (ol sy 51 (S e (STildged sla by
S wilgi o0 e pbolaz! sl 51 (S pleea g3lulale o5 BT (Yl ol b aiiS oo Lyl 6551 S ol
S8dos p silnilale glgl T 51 gole Julos &1 Gus b (55950 Alio cnl avd GialS s oy jsbay |y baibole !
390 (50908 (Bl (S L Jolds sl £ 1951 sl .emsl o0y ¢ gad oSBT oS (995 (sl ISy (8 ymo 9 Silidggid sla iy
35559y dw cAoldl 43 .awl U (o) (S pd Sl g E1S alali Sl (590 50 B BT e BT g oSy g
S3lwdinty (535551950 g 1y palowtyl el 0920 b (S SN Wl s 31 o0l Jold (g3luiles b HUT b abilio Lol
2l (Goads yg5 sl T axd iy (Gl ;S 5l oolisiu! g ( JSKoud 9 doi slo gk wilo (o >3k 315k 51 b Jgluw HLis Lo
9 5909w iile ailyslgi Glogui ;S 45 wBd g0 LiS sudiplnil (o ow )y « ol s jgp0 5909w 3 abliie JolS s
8 Sdoc (g jluilabw sl b ol Wppimw (2155 (1381 9 (318 WAL Glals’ )0 uiilgi o0 (S 2z ale p (S b 25k
Ul 2ar5 0l il 8l (il aindled wiilo (gusu ;5 5k s sbg) ol 31 (B2 ass iyl (ouw gla gy & Comnd (5554
Ll (g5 90 g wilo (3 Ly gy ;5o 5L (BL 9w Al )l abliio JolS' i (99 05294 «Jgliio gL 509 ) L dun Lo yo 0,3 YY.FF
oo axwg Jold | Sz o o (oles jo Cawl 00l S 3oy DY FA G ale b Juw S o 0y oly
iloads (B yxe ydydllasil sla by o wuar slags;9bsd 5l oolisul 5 ( FoglT g b ;BT (o i Judoxd ey lus dioiph (ot sy
ol (g wlw I als g Solidggid slaaibolw g)90 e S, ly polr (BB WS (55lupal 2 Bua b (5590 Ao ol

Ry (6591 gl (g0 5oy (om b 0938 (g 3Iuil bw (STSLd 9938 Ly 1 guals slaosly

VRPN sallie Lol o
VRSO e B dy o

SA)L; Q)Lol Jsi.w.o [JESewEY r:lj

®

| gholami@sbu.ac.ir ¢l ;! ¢yl ,45 o s daad olSiils (pdssnaz slass il owoige 09,5 1 gtun odinns Sl

VE-F ol Y ols o)led ¥ oojlods pas o> Jlo ol ] 30 Caoiio (559 040 9 CudeS cidgh — sole 4,45

16


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

Ol b ablie sla b, 5 Saallggnd gandsyon Sy o ,Slae 4yl ]

i s Gidey oliee 9wl S @y 4ty (Gupta et al., 2021
),ul; Cow ad 4 1y 5ol 2 g 5lem ol dastine Sovie 4l
(Goetz et al., 2019; Rajani & Ramesh, 2020) was . ,l,8
)lai .\;‘9;50 odaS‘JJ Lt S50 ((GOges ssﬁ‘ d;Lw aisle d;Lw 619.\1
LT cnl mals gl a8 wiS sl Sslggs sla i 3, 1) (Sslie
el sy e (51 cobin S0 Sl ol alises sla g,
5 Sl Sl 5l osliiul daobe slp ceslie oS
slgiegn ;S aed s> Jobe it Slas ks I g e
Krishna & Moger, 2019; Laamami ) el oo slgiiy il
ol 5 (hb dge wrge by » ale b (Ssfe Sy
Spiie gl QLIS (il 5 Soldggd sadyes slaalls
5 adlae 3l gl Jls o s cren 45 (Fadhel et al., 2020)
SRl gy Dl Sldgnd sl o Shee p aple ;53U A
aile lags,olis anwgi & Wigioe bale 3t adllhe (izes
2 sy o Slae 05gp 4 45 208 Tslelesiyl 5 o550l S
L o iyamlg,Sim 05 jomie 3 WS o0 S5 gilwlale baylyl
0 8kes Bl ioglite 0l > 4 i o ol Ol > peie oS
S5 ol o S aoles 805515 S o ool 31, iy o Jis
5 oo ys,sld oyl (Ortiz-munoz et al., 2025) ausS
o b ol s daglaslo ) 256 sslwlals a5 6,08 sbalame
Abubakar et al.,) a5 ls (glos S 5 )15« Lol &ilge
3 eolaiwl i cpl yo galdS sles Sy, 5l (S .2025
Jie ol ar sl Sllsgd slealyl o ange lasan, Sy
sleals Jl adlgi oo ablite slagais ;S b g 5590w (a2,
Dergisi et al., 2025; Siddique et al., ) was als' |, Sy
sla Jshs o glaisTa 3y 5 > i b ot S ol (2025
Soa 4 il ansls 4l S o les 5 (558 ),A.,b Bl o
3 omsh Glrogs sl eslanul ol ogde 0S o SaS (590,02
Slashs & ol 5 (s Ol G0l S Wl b Sk
Piryaei et al., 2025; Santra et al., ) &S (5,55l ol o
(2024

5 ol Sl boojle 0 plvanass Glags sl coenl 4 4> L
Silggzd sl by o Shos (5 ludigs «Ameri et al.,, 2024) _lsn

Optimizer 2

doudo —)

Sl 10 05250 slos il 5l (6 50,0 Jrite slaailolu ;I ool
L .(Y. Gholami et al., 2018) =l oogs ylusl az g5 3,50 Lo 5l
@9y S & (56l 4 2 009, LS GTIESS 5 Come Sl
oog ploil 5 5 (oo S lacgl 4 azgi b g ol (258
Olez 4z 95 990 Sl pdynans Sas) pl i hend slacS g pilie
Afkar et al., 2024; ) coul a8 8 |3 o slo,giS pgasy g
syl adss sla g, glsil e ,o (Minoofar et al., 2023
et al, 2023; Kazem, Al-Waeli, Chaichan, Sopian, Al
cle 4 Slgets sloalals 5l solizu! (Busaidi, et al., 2023
SzsS slaaliiie ;5 o5 el BB 5 Ol ol e (352 sy 0
Dehghan & Barzegar, ) cool 48,5 1,8 a> 55 5,90 jlows S 4
2011; Eslami et al., 2019, 2022

w55 a5 e Jawe olsis o o Sllysis sla iy
Sed Gadysr 555 Slapieen ol Gl s wisdee
s Wilg e o] 5,Sles Lol «(Razeghi Jahromi et al., 2024a)
Kazem,) e sl aiile (gounie are cilize Jolge ;56

Chaichan, Al-Waeli, Al-Badi, et al., 2022; Rezvani et al.,
Gandomzadeh et al., 2025; A. Gholami, ) ,L¢ 4 5,5 (2022

A.) ;b «Ameri, Zandi, Gavagsaz Ghoachani, et al., 2021

Gholami, Ameri, Zandi, & Gavagsaz-Ghoachani, 2021;
Alenabi et al.,, 2024; A.) ol <, «Jafari et al., 2024

A. Gholami, Ameri, Zandi, ) cusb, (Gholami et al., 2019
Gavagsaz Ghoachani, et al.,, 2022; Kazem, Al-Waeli,
a5 5,5 1,3 4l ¢ «(Chaichan, Sopian, Gholami, et al., 2023
e IS U Soldggid sladn (295 OlP 9 sy90e 2
J g9y oo oll aslus ¢ laie G 5l (Clement et al., 2020)
e SS90 e 5hadl Soop b g0 ale wilg oo SSldgeis
Hasan et) s ,5 gou atws 508 S al b 5 Sim alo as |y 4l
oog ol BB e cdeay @, 2022; Hosseini et al., 2019
(St sl o (ogaza SSlsgd slady » ale fSaS
Mamun etal., ) cool coeal b b Jo 0 Shos 1o o)1 156 ooy 0
Jelgs el wilgi oo Sillogs slaal)] Ly ale S92 (2017
5wl cot Johw s cawl (9,5 oly als asle govnte
Bimenyimana et al.,, 2017; ) s4i Jokow (29,5 b,z Luals

Micro inverter !

VP Gl YA ol o)leds ¥ oojlas oo )loz Jlo lnl G0 Crio (659 0500 § SokeS chdrghy — (cale 4 i

17


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

e el 5555 pLls

(Sharma & Mishra, 2025; Soni et al., 2025) auisu 4. ale
D ay a5 ggsd (sl ys> b sk wile waz lags sl
oaS1n alo b plakaos ;o wilyi oo s Jio whaw 93 3051 558
(Karaduman & Parlak, 2025) sl ausls g is o))

sl 1t bl slaJlo sloasllles gale 5350 b gy onl 5o
a4 Sallggd gandyer sladn 3 Sles 2 e slaals
i BT L ablie 5 a5 slagisy o O3B s
boopSioe D3 Jebow 0)50 ool 0Sdes (sl
ol gl daghy, (nl pled gal> g 30 amlia 5 (gandins
a5 ale yze Ul colis Gl galr o250 Gl Wi oo
ke 4 as 5.5 138 eolitnl 8,50 oSBT ralS aigs sla,\Sal,
S oo SeS 039> (! Ho 39290 Lile

ol b ablio slaig, 9 arlw glgil =¥
wlo a5 AL clite & w00 las L3S slaAaghy )9y
wdly Saldogd ol lady (oSl LS, 5 cnl (See
((Y) JS2) wjge (V) JS2) 0081 sl alox 5l bl glgil ol
slwl i g (59, Wi oe ((F) JS2) (881 L ((F) JS2) (s350e

D¢
soe sk mals TEls alai pasloszanr oy e aile 5 LT
Gallardo-) 5, a1, o)1 o Shee il 5 i sadgs olgs Lals 5 Jo
» o Sl als glyl 51 S » (Saavedra & Karlsson, 2018
slagiy, cHls il wijls Suldogid (gond s> by LS,
Sllggts gunt o S 0 Shee (st 5 ale 05 Sl 2alS
gl de) 5 (Bagh e Dl 5l wle go e bl
i 5 5 el 3 sl 55 st Sulilygs slaslls

Vicente et al., 2015) <ol ool &1l lagy ] (gomatws

H [En
] |
L
NNl _In
T
N 1N

SeS 5 Sy b Lado 4 Wl e Lyl ST aslllae 5,k
5l o (Belhachat & Larbes, 2021; Ghosh et al., 2023) ws’
S s (b «SSllsed slads o Shee oS slaac
ol o o LielS 1) glaille e BT a5 el slag,gls
Razeghi Jahromi) ¢ls alais 4y pglie a8 piey olge 3l oolamwl Jolis
Hoorsun et) (g5, Co powe sbopi ol aswes (et al., 2024b
o el sl il)l 5 «al., 2024; A. Yaghoubi et al., 2024
Sl (255 oz 2 ke 556 2818 T (6 slge 2le
Sepinw (mizen (Nipu et al., 2016; Ozkalay et al., 2024)
Lals Copse 5 @lobd Cuzr oedle 650k aly  seden
o & oo (Siiod slaaies 5l Joho o Shos (g jludinge <ol
A. A. Yaghoubi, Gandomzadeh, Gholami,) a5, -
el ool egdle (Gavagsaz-Ghoachani, et al.,, 2024
din sl Sl ail)l ISl ST wlide jo ey j g (golazdl
(Humada et al., 2016) &S o o2l |, alize bl lp
5 5aallS Slapins drng 4 0j9> oul 0 St lagiagy
W S5 e Lulpd ple g olalale plp s eglie
sac> 5 ogdle.(Vadivel et al., 2021; Yousri et al., 2024)
A. A. Yaghoubi, Gandomzadeh, ) goladl slo o o 23
sheeuw 5 9 (Gholami, Gavagsaz Ghoachani, et al., 2024
W1 alo @ polie S8 Slapuns dang )5 (oo B
aS Wlesls las wllas (Razeghi Jahromi et al.,, 2023)
asbe wle @bl caums ol slagysld o (g laTalo
Glaaisse Sasaily 8 Wlsoe iy sl b bayysuls S
ans Gl 1 olaidl ool g eols als I, Slles
,e 5l (Madhanmohan et al., 2020; Sollazzo et al., 2025)
el 4 e Slggs ladn o Sles dgue (armetins
S wgdoe IS lajls Lol (end slacs g 4 (Sl
(Aryanfar et al., 2021) ol Sz b arwgs Slasl gl ;o
Wl b olal ssile Y oo G b (iblie 5 oJlte (sl
odddingy SSldges slaailels jleslarul «(Aryanfar et al., 2022)
I (Sogll (ol a4y g sl (end (sloolS's o5 (sl grmilio 250l
5 (Mohapatra et al., 2021; Parsay et al., 2025) 4.5 &S
sledn cols o oolaul 0,90 olge jo Cdjin K0 (e
Sa sl ansgs ol 00,5 Syl S 51 GalS 4 i Slg58
Slge 5l oolital b g gls alais ply 0 YL Caglio b (gond o5

Lyl s jo ) by o,Slee Wlg oo SolSwg  diibe (g (golodes

Hotspot 3

VEF b YA oly o)led ¥oojleds po,lo> Jlo (lpl 30 Coiio (555 040 9 CotS ldgh — (sole 4y i

18


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

ol b ablie slaog, 5 Sallssd sundyg> oy o ,Shes 4yl

Kazem, Chaichan, Al-Waeli, & ) 5505 oolitwl aibw 4> L
1 699 s Joe wile wubw 4> slbJoe (Gholami, 2022
Solilygis slody iledse slaghs) oiidsess il Jl
A. Gholami, Ameri, Zandi, & Gavagsaz) oib
ngjéla P oo 6L°u‘5) Arwgi 9> Uﬂl L ‘(Ghoachani, 2022
0l sy |y ol dnm (g3lo Jaw slo g, 5l oolaul «piile
S8, ilwand o obls 9 YL cds Lo 44 50500 slo Jow .ol
Sl sslale Ll cod ganl e sy bt e
A. Gholami, Ameri, Zandi, Ghoachani, et) ai,ls sles S
b el syl 35,5 ks b bJae ol @l 2022
5 Ols Sl o Ll (el isjlge 5 (5 Cunglie STl ggie8
A. Gholami, Ameri, Zandi,) oS o 218 1, Jo 2L
(F)-(V)aloles (Gavagsaz Ghoachani, & Gholami, 2023
Sllpszs sla iy s3lodie 5 soms Jae paeske | slaises

(Abdulrazzag, 2025) ol .o

) I=Iph_ID_ISh
q(V+IRs)

M Ip=Is(e nkr  —1)
Vs+IR
") Ish = i/_
q(V+IRs) v ;’;
f) 1=1ph_10(e nKT —1)_:
Rsn

wlo slsn dp dpp 5 Jn =95 by s 3Ws Vol ol o a8
ovgSae LSl ()l 2 g Cueglie Gl sz w2 Gl e Ol eSS
Jsbs Slasi M e(slge 5 (6 o Caoglio 33 R 5 RS (prizem aiin
A el (958U g Johw oo T eopoiidg <ol K Jio 50 (s o0
(Gholami, Ameri, Zandi, & Gavagsaz Ghoachani, 2021
S Ol 3 (o S yog,-T-)-)

ol slasgs jleslanul asile S S Sl o (e slaby,
SealS 50 Wilgs co 00l ooliiwl jaamd slawi 4 az gl b o, leayl g
ot 86 0T (S0 S99 S e Job g wle oyt L
(Dhimish et al., 2018; Vieira et al., 2020) a.ib atsls (5o
Ol S 0,5 o0 )8 Al ot sund 3 ok Su &S Sleg
b sslse Dope @ sl oge s cnl )0 oo a5 o
Gllale Laylpl 50 5 05d g0 cual (gandy55 sla g 5l (295
Ol s 31iolkz 6l 3Rle e slml b oges (ol 03,5 oo Jlub
€l bl 5ty <8l 555 5l g WS (o0 5 2Tl ale cod sla sl |
ol 0930 5l eolatl (opl plo S o G S ol o Jol @ WT 3
oo 4 s 5VL 590 Wlgier SSllged Ju )3 SYL sl b
ool Hlid anwy cpl jo plxl iwghy o (Jle lsiea bl atils
JJL.J”.J J...l 6L®J9L.) ﬁLoJ L uﬂ.ula OS¢ )l oolawl a5 Cewl oo

S Wggid ol j95 Sy p o1y 4l 5l sloylaz b :(1) S

OO0
Hmin
HiNl N
H] _[nN

.
Hnn

Sldggid (ol yen iy 2 @z alw 3l sloylaz b (V) JSi

N
100m
O0m
O0m

O0m
O0m

S dggid gaul 9 By g0g0s lw 31 loylaz yb (V) S

EEEN
HEnn
HNInn
Lo
OO0
Hinnn

S Wggsb o yo3 iy Gl o 51 sl b 1(F) S5

e 51 a5 slog, ~Y-)
DS g e slohy,y atws dw 4 wlu Sl alS sla g,
5 SSlges ond o S ladsbe Dolite (uin Sy« So Sl
o,8as (gilu e jelaieds 00,5 o pend o Jol JLSLe jo s
A. Gholami, Ameri, Zandi, ) olew ax> sl i, 5l olg5 oo 0

«(Gavagsaz Ghoachani, Jafarzadegan Gerashi, et al., 2023

VF-F ol YA olo o)lads Voo )lads oo oz Jlo ol 3 Cio (555 0540 5 ColeS (cdgh — (oode & ,id

19


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

M Dol 55,5 Hbls

Sglaie Suds byl 90 )0 Ll 0990 dlaws 30 (D) UG

lﬂ:J,Lw ‘5)5L’é 9 al,»—\‘—\—\‘

Lo sbopss 4 o s 9 Salgid Johoo sl jo i 5 22 b
oy s oShe ceb yige JSd sl
Park etal,) ol Sz g 0asSly sbeasle o jogasy SSllggd
Sy iy Jobo o 4 Sililygtd Jzp sk a3 L (2020
Ao oo lis 0 3l oy o Slee LSS S ale blae o
50 a5 aed e olid diwe) pl o ead plxl iogh Jlk olgiea
S b i e a5 Jobe 4w (595 2 (mo9e sillule Luls
A Gl gl JuSbo b Sy 50 Jobups b g JulS Jobe
Ji yo jlade cplaS Jbo 10 we 1Y L Jelonsd i 50 b2
5590 sew | (Attia et al., 2021) v, oo LFF @ Jo5 Joko L
oyt Sy sl sk slod iy asbe 5l s
() JS) 92l 558 150 5 b o Suldggnd

170
160 = = 160
s SRR
2_ 140 = - 140
g
g ]2” L= ol = |2“
5 o
2100 - = - 100
= 80 - l - 80
60 )
shaded cell shaded cell | parallel substring
full-cell module half-cell module

ilsin (gl Lo b 23l o Jalw (5la s in 1(5) JSC
Jokw plod 9 Jgbwps

Lo b o 5o ale cov Joho les udlSen 5 LsT (3155 b
ol &8 I j0 009 ol F il az 0 V0 BAFA o LS Jsle
5ATY G 5 oo o 5 b 53 ol G ol oo
Jae ol sk o b 31 455, o sl 5 95 5o 40 VY
b,k 51 (Qian et al., 2018) cuul o 5 ko 4z )0 VFO B VY
el wlgs oo SSlged ladn (99 Joke o b (05 SRt
L osorte 5 995 ol 5o (eIl Sl 5l ke oolica
0o SRt o Sglie b Jgile g8 90 ammlie b aidy dgup
00§ i el 9920 90 5l ool g a5 Ll 51 (ST slaJsbes
s,Sbae T Y EY Jsilo ooy drl 9525 cilizs glacdls s wou
Wen et ) aas e s 355 5l st ol 55T 13 511, 5

q@l., 2019

SSlged oy a4 Cons 1) sy 0 Shee Dglite slaale
Lilyd 5o a4 )lSe el 3o b Jiy (Jle plgreas o)l o lastea]
sile sl 45 90 55 s ol <3 IXD s o 5 4
Gl 6l cud i ued 4y g 2Bl o 3T lg alS TYTLY o st
Joile slp g XYY s cdl lea o laibinl Jo5le gl 0, S
Sz ale byll o g amdl o Gl Y il ax LSS el 0g0 b
Josle 5o Ll 25doed adsy Jls8 @ep o laibial Jile jo (s, Wiz
wWilee W1 Gl o gylake ojlgan az LSy el 0gs L
Blo cov SSllgens Jo o,Slee 8,k 5l (Hanifi et al., 2018)
B (K 5 Ml 95 5 DD A4 el 00 Slawd podle Sy
2 ol g ol 36 Joho Fe L Jgile G o diged Gloiea
S5 5 TTA 43 p5ee e b S5 o o Sgsis S 0,Sloe
el OIS Bl n sl 5e . 5 538 5,55 e o)
sadl o paasy |, (Jed LB o Slas 0500 £+ I 0 iy
O sy Ol ST ane) jo 03 I (Solai 5 s, ale
ol boas P BT o0 olawd )0 gl Sud all oo oo
51 5% S (Pannebakker et al., 2017) sl o Gl 505
Il e T L allie gl oolil 3,50 oSo,2SIl Slsg0
Slmzs D08 sl plenl cwl &8 sl yple] 51 olail
ol ol 5 3y A5z s b5 Jete o 4 o asies
@ S e e A3 L olulale Lyl g0 1) et 3 Shee
o S SlaskeS VYO g b Sl g8 ailobis 5y 4o Jlie olgie
Gl y0) TOFA o pleayl 5l oolannl ¢ Bolal St g K 4l
@ o |y (29,5 ol Gl Bl (s sl 10) 7 2FA U (S
o3lail a4y spod ol aldl ogls o 50 Luml 0930 b Jaene sla iy
Syge S SHldgend slaky ;5 5 S SIS L Gl gloogs
oolawl jo K0 x5 .(Ramli & Salam, 2019) 5 . X )8 oolatl
DS @ Lo anse o S8l Sliges » (e slaghs)
coolia olaad daas 5o (ilwaige b g Lol oo b caslite b a5 ol

28,5 ks o,
Cardboard y . 5 Netting o5 10
~o000loe0ee 0, N
"« @000 OO0 S,
: " 0000 0000317 M
P O0O0@{ - @+ -1l [
T ? (&) N it . E
2 s r : " 2 “'E
o » E
}ow 0o 0000 8,0 2
§ » @ @ ® @ »_
12 o @ o o @ e gm':; buod
6 ® - . @ Q@@ o-ls" o
e @881} I
tﬁ"df"‘@f&@ w“&ﬂ"‘ﬁ‘;@

VF-F QL..M.JLY“\ @LA o)Le..uY b)Lmi'a W.QQ)LQ}JLM; Ul)"l By Cxo Sy bﬁsmwsf—@kgﬁ

20


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijgp.ir on 2025-09-03 ]

Ol b ablie lo g, 5 Salisnd (sandyor S 9,Skes 4yl 1

(=] (=] [ o] [l [
2

5] [

12| (18 24 0

(o= hleh{=H=h
(EHERER=H=H{h
{efifelhl=]=hs=)

- o 4= W e ™
ja aMfiMaMme
[ imlirm
w MMM e
w || w w |,
o e N e

—duwg) (5ilg0 — (5w (el = YL) (g (b g S (V) S5l
June dill c(Yh-z) Hlo S s (Gl y— oo ) (65310 sl
(omb-oz) ablie bl fy ((bawg-z)

L
B5P
W TCT
mBL

mHC

Shading Case
S sLale ;5 Gglite gl gus Sy (Sad o 01 (A) S

Totally Cross-Tied ¢
Mismatch Losses 7

L Jgbw wylite glaguds Sy-Y-1-¥

wile (Jslie slaggan S anly oo SEgei (g0l o> S
P allas ToSad Jy islge 1s3l5e m s s 5908
ol 5 Sopp as ((VJS) ansbazisls Fablite JolS L g
Solae slaale g>g blae jo Jelae iiSly bagun, S
R. Pachauri et al., 2018; R.) was so oylis 055 51 L 59,
3o ohes ¢ Ky 5,158 b (K. Pachauri et al., 2021
2 58 oS ablite JalS Jy dasan Sy plo b e
Ol TNV Gals b (S5 ale 5l ) (e slagon S om
PRAGR 5 o pdee Sz ale e lpd 4 e iSTas
Gl eip oyee dle Llyd el o 1) Sl Gl
b 552 b 511 58U n i S3lpemis e (35000 00
0,8l b o olis 0s5 5l aSTas ol UYY el
o5 bgle j5b & Juue (5 aild g oud S b lasan S
losai Sy ol 0 Shae (b 5108 0 )18 S5 b 3
Ol Sl g (Fab pceys g Sl olg s slajlae b
ax ST slawslie b ke Sz sloasls o 55,55t
@ @lie Sz ale sl gyl o (295 Gl YL
ol Jlade cp5eS & Cwl abline JolS o gun S
Sl bedls alos o 1y (S cupd oVl 5 6,55kl
(Bingdl & Ozkaya, 2018) (1 JS& g A JS2)

FE b oS s 5 UTmle S cregn o
Sed b g Solae mm s Al Slagun S L) abline
Sl (Fad s ety Ol 5 o555 o s 510
Folis solate gilalagle Sl iy o0 Sidsonw clis )
oligS» K g3g0e Su,L g Al Ky g ol G ,L 5 oligS»
S Gl5T el 38,8 anlie €58 ld 5 €l gy
SLIY) Jgaz 5 (V) Jgaz 50 ol aods a5 oy lawgs oo
5511y 5 Sk e elolie oSy (s, Sey el e
sl ples o (Saby cuyd 5 oy Oly anie

ol lis o3 5l s lagan, Sy ol o e wslslale
(Saiprakash et al, y-YV)

Bridge-Linked *
Honeycomb 3

21


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

e el 5555 Glls

'ml'r ratrrs=|

- D

[

)

im | .

Sub-matriy=2 ’ Sub mate -5

. BT Ms fis |
- ] -
(- B .jM,s

Sub-matrin=3- — - - St matei x-6

mE D

959090 (i ySi(1e) S

£

o

S, SO edite Sidgons L1581 o5 5l ool b o)) S g4
) clie JlS 52,500 b 1, () JSE) gl 555 535
duglio 0)90 iz alw g9 7 10 (g 5T lg 9 (5,5 5L00 wlals
dliie ;0 S g5 pl aallle (nl (A1 @ az g b il 18
Sl zels 7Y 5 ol iSlas sge 1V FF ablie LelS s b
ools lis addllas ol yo (Ye et al, 2021) el azils ,5;5L00
Shows 0 Slee iy (slasgS slaasle Ll s jo gui Sy g6 ol 0l
2 s b (Bib 1)l (o aled 4 095 I (VA B) (e
Olee Olgier SSlggtd ot yor S sladshe (Sond x
g el SSg5i8 iy Bl ot o 1) (G ale o515
el un Sl ilodinte 9y mt Slamlie dis) ra 5
ablite JolS b (600,50 5 55909 pipefl (bl SSlgei
ot 6,05k sl eslaul b s, cpl icenl oo &l Palfan
al)l o ey jebas 1y ol e So S aYlasl s ey o sy
ol bl s o oS 1) )Tl 5l oL olals 5 00 )5 &35
Olys el atidles (g, cpl o S glille byl s s a5 s e
GE5LL olals 5w ili8las o WV U, Lol anciy abais
Iy Sy o Shgy ol iz e 2o Lials s VRO L,
A .Sl 00ld g Ao 3 VYAQ B 1) s 205L g a0 0 VP AL
sbosgn slr (s crl (PBLol Clieas 4 5ls pas s Y LIS s
Kumar &) ogd o0 dmog )80 giluilale L gble b S5
)l;}‘L.., sopd s sl i, )'l )im s (Agarwal, 2023
Ja;l).w 5 I) R O)Sl.a.c ‘&JU”J 6La>d.¢.l)| ©s, sl

Cyclic Back Shift!®

wsf

| |
= 50 4 I
£ 501 iL_
2 40 1 | us
3 | 6l :
2 30 1 | ] l T
= | 7 | | wTCT
o 20 + T '
E ! w _W“.__ ui_. _ | -L"-
= wHC
o _i iieinis

4 5 6
Sh a.cimg Case

sale ;0 wylite gai ;S 6,55l plyy wlali :(3) s

ool sl g Sy 50 iy olg gl :(1) g
“le - gl | goligs
. = $Oges
k8 %) b
B
FEY ¥ n-fHA FYOA FEVLIY FYVYAY
ablics

BAYAS faA- A ODARAF A\adARS FAVY | Jes ails

—S
BAYYY | FAB-Y BYA0 £YADY | ba¥-s
Slse
DASYY | favYy DAAY.D FESAA | 0AVYD |
)Q

b3l S Sy 58 (S o g i (V) Jgux

alw . 9oy goligs
. L;iiﬂ LY

J5 bk
A - OY -2y A 20
-2 -0 20 EA'AY -2y Je ails

TS
£ vy . 5% -4 -

&jlge
£ <00 - £0 AN -2

Sl
Ye®

Triple-Tied-Cross-Link’

\f‘fuLwL:\‘R @LAJO)LAMIY O)WMQ)%JLU ‘)J‘ ]Jwé)go)@gmij)) so.l.cd.:].w

22


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

Ol b ablie slabg, 5 Sallsgid gandsyon Sy o ,Shae b ]

(Ramesh & Anbalagan, 2024) sas il cuas slaas s
e G, o, Sles Solaie slaaslu 3L Ql}:“’ 5l glaads>
G7ANY séJoLa.uc BTN G VR I-X FER WP CO ¥
g% 5 el 0ols lis 055 1) g, e rol3l YY.EPY
sldy 25l » (S gslailale J1oLKee 5 Liy S s
Sl ) 5995 (mile 2 (e (B9) 5 00,5 (o 1) Slidged
e b gy ol ailosls slpin, SClggid LgLMilj S Slas dgupe
&5 “‘%.‘)T 20 g Ohgo a ) ke daJgsle (So58 Coxdes
ol s e alS 1) S glailule i )»L 5 WS e
Al abals (g5 (S S VLl o 5ss a4 LS g oSl
il a1, )55kl 5l ab ol lils g osls Liglial 1, Lol
POk (T8 pS S5 5 DAL AL g (nl o ile o
Ohgy &S wesoe ol gileacdt mli b S e
o9k 1y bl aniinn dbd Gl Coul atudlys ailoggy (555 995w
5lS ao s OV LA L 1) ol lal g iulidl oo YA Y (.Sl
235k g aidly oggy £ 4y ¢ ¥ 5! g;“\“’f’ oDy e AR
5 ok Judo @ () ool el s e g BB Gl e
S5 Slapt slp Jlonsl slan 5 (Bl ligas 4 jls poe

.Sai Krishna & Moger, 2019) ol lawgie

o -F
sbdn Gosore 0 S sbepilly (S plse @ olwlale
1o blis JoSs5 sy ol alS 2 s BB 5l o Sslidggs
LT Gmals’ (sl goaste slo Sl 0 )ls pius yae Jsbo 2ol
PSRRI IPS IWOVSPRNIE Syt ¢ JCA LU IS TEO B LSRN
baigy nl 5 Sy sl g yo> sloarl)l i) Sy 5 e
Ol iy SR 950 b epdle Gigny 5 5 0l glie 55
Ol dmlite 5l glaodls o) Jgazr ok alie 5 b)) Lo is,
St oilals e BT (el s il gla sy, 6,53
Shoslaul a8 ols lis o ioghy ow)y - oo &) 1, Suldggud
Sbml b oS ceal lagby) cn 5 fse 5 (Ko Olye 4 sk slaogs
sl 5 s Ll olmyl ISl 5y ol il sl o35l e
Sz elale i 5o ) ol aes e a8 ) sl 4
S laslinl slo Joy a5 Jlo 1o wiS 0900w YYD U 1) lgy il wilgs oo
(e ilos S a1 UYYY palS o alie Lyls o
ol e lp ane Gl 9 s i b 508 la pley]
o s Lol cslazisls ol yan 4y 1, 78.FA B 7OFA o o205 Oles

Somb oKl (sl srogs 4 s jieS 36 5 b slaan jo

Slals 1alS b b, ool 5l ool aidu oo Sene S5 s llale
2 el ol pen (Lol ancis ahais ol (il g 6 5L 5l s
SNl clo w0 atily by onl silednd mbs el
2 2y YYXP B ) (5 lg Gl S5k (V1) JSC2)

s &) abline Lol (b, ofg (Jslate (slagty) b amlie
11)12113[14(15]16) 17| 18|19 |11]12|13|14{15[16[17[18|19
21)22(23(24(25|26(27| 28|29 |21|22]23]24|25]|26]27] 28| 29
31|32|33|34(35|36(37|38|39] |31]32]33]34[35]|36]37| 38| 30
41|42|43|44[45|46(47|48]| 49| |41|42]43]44[45]|46]47] 48] 40
51|52|53|54|55|56/57|58|59| |51|52]|53]54|55]|56]57]| 58] 50
61]62|63| 64|65 68|69| |61]|62|63]64|65|66|67|68|69
71|72|73|74|75 78(79| 71|72 5|76]|77| 78|79

84

94

81[82|83 [s1]82 5[86]87| 8880
91]92{93 [o1]o2 96[97]98]99

11]12{13]14]15]16 13]14] 15| 16/ 17[18[ 19
21{22|23|24[25|26 23| 24| 25| 26/27| 28|29
31]32)33)34) 31{32|33]34] 35| 36|37 38| 39
41[az]a3aq 41]42[43] 44] 45| 46| 47| 48] 49
51]52[53[s4]55]s6[57| s8] 50| [51]52] 53] 54| 55| 56] 57] 38 59
61]62[63]64]65]66[67|68]69] [ 61] 62] 63| 64| 65] 66| 67| 68 69
T1|72|73]74]|75|76|77|78
81[B2|83|B4|85|B6|87 |88
91]92193|94|95|96]|97]|98

11]12]13]14]15]16[17]18]19
21|22123(24|25(|26|27 23'29
3132[33]34]35[36[37]38[39] [ 700 Wi
a1|42|43]44] 45| 46| 47| 28] a9 B 500 Wi
5152 57[58|59

61 62-67 68[69| [ 300 Wim®
71|72|73| 74| 75| 76| 77| 78| 79| [ 200 Wim?

8182838485 86/87(88[89] 109 wym?
01[02]93]94]95[96|97] 98|99

Ho6[87
96(97

71| 72| 73| 74| 75| 76[ 77| 78 79
81|82[83]84] 85|86 87| 88|89
91]92|93] 94| 95| 96[ 97| 98] 99

M EIE

] 1000 Wim®

(oz-omb) ¥ ale d(ewly-omb) Y wle i gbedl (1Y) IS
(awg) & wlv ((ca-YU) F alu ((canl)-¥O) Y Gl

G Sy 9 yos p wglaio sladsLlu 13U (V) Jgu

Sy ole Sy ole
Do w2 )0 E13) F s alw gg
&Oleuiiny bl Jols
1T ANOY \VYEY. A ) o>
7.4y \VE. . V¥ V) o>
1TYY.¥7 \VYYY. \Feve V) o>
7VfAY VVYY. \OfY - (f) o>
YA Aa% \VYEe. VOYA- ) o>

Sl yo Blas ol s ay 5L g ool g5lwosly Jdo 4 (g, ol
el cal ol lawgin g S oS 6Lm4il)'| &l oS Sl

W5 oo 45" sl JLail (glopnn 51 5 i o0liiwl )] (slacusgass |

VP Gl YA ol o)leds ¥ oojlas oo )loz Jlo lnl 30 Cario (659 0500 § SoeS chdrghy — (ale 4 i

23


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

e el 5555 Glls

Functions. Journal of Computational Electronics,
24(2), 1-18. https://doi.org/10.1007/s10825-025-
02282-w

Abubakar, S. 1., See, C. H., Member, S., Sukki, M.,
Member, S., & Mahendiran, R. (2025). Deploying
Agrivoltaics in Sub-Saharan Africa: A Sustainable
Pathway = Towards  Energy-Food  Security-
Challenges and Opportunities: A Review. [EEE
Access, PP, 1.
https://doi.org/10.1109/ACCESS.2025.3568717

Afkar, M., Gholami, A., Gavagsaz-Ghoachani, R.,
Phattanasak, M., & Pierfederici, S. (2024).
Sustainable Education for Sustainable Future: Art of
Storytelling for Enhancing Creativity, Knowledge
Retention on the Acme of Successful Education.
IEEE Access, 12, 101782-101796.
https://doi.org/10.1109/ACCESS.2024.3432030

Alenabi, S. A., Mansouri, A., Gholami, A., & Gavagsaz-
Ghoachani, R. (2024). Simulation of wind flow
effect on the cooling of solar panels (in Tehran).
2024 11th Iranian Conference on Renewable Energy
and Distribution Generation (ICREDG), 1-4.
https://doi.org/10.1109/ICREDG61679.2024.10607
775

Ameri, M., Gandomzadeh, M., Yaghoubi, A. A., Gholami,
A., Zandi, M., & Gavagsaz-Ghoachani, R. (2024).
Revolutionizing Solar Panel Maintenance in
Photovoltaic Systems: Reviewing Intelligent UAV
Solutions for Efficient Dust Mitigation and
Perspectives. 7th International Conference on
Advances in Mechanical Engineering (ICAME
2024), 11(1), 111-119.
http://scioteca.caf.com/bitstream/handle/123456789
/1091/RED2017-Eng-
8ene.pdf?sequence=12&isAllowed=y%0Ahttp://dx.
doi.org/10.1016/j.regsciurbeco.2008.06.005%0Ahtt
ps://www.researchgate.net/publication/305320484
SISTEM_PEMBETUNGAN_TERPUSAT STRA
TEGI_MELESTARI

Ameri, M., Minoofar, A., Gholami, A., Gholami, A.,
Eslami, S., & Zandi, M. (2023). Energy Efficiency
and Solar Energy Implementation Opportunities for
Dairy Farms. 11th Global Conference on Global
Warming (GCGW-2023), 1-4.

Aryanfar, A., Gholami, A., Ghorbannezhad, P., Yeganeh,
B., Pourgholi, M., Zandi, M., & Stevanovic, S.
(2022). Multi-criteria prioritization of the renewable
power plants in Australia using the fuzzy logic in
decision-making method (FMCDM). Clean Energy,

6(1), 16-34. https://doi.org/10.1093/ce/zkab048
Aryanfar, A., Gholami, A., Pourgholi, M., & Zandi, M.
(2021). Multicriteria wind potential assessment
using fuzzy logic in decision making: A case study
of Iran. Wind Energy, February, we.2640.

https://doi.org/10.1002/we.2640
Attia, O., Souissi, H., Khalil, M., & Salah, C. Ben. (2021).
Functioning of the Half-Cells Photovoltaic Module
in hybrid EV under Partial Shading. 2021 18th
International Multi-Conference on Systems, Signals

asle olag,sld 5l eolaiwl L o Jole jlsle (giludige o5l
ok 52 » Gls Jse s (1alS Crge 55 JSd 9 e sla gl
G &‘b Ll LgLoO uu.‘bb/ x» 05315 Lﬁd)jw U"l b?“"'uf r-éf b)iLo.C 9
S okt ae Jobo Linl38l g cop] 2alS & 0,5 il az o e
““3‘)9195 slo g,y (g )s> LSL“’“%.U G Sy Al 50 ASS 0
51 S 55 i b il blice S s 5 55050 a5l
5 b CSIES @i b S gogm suSey sl gl ale
797 0195 Gl eSSl ol atles da oy (458 (oS
e alS LOVEA U ley Slals g aes &I AYYEP U,
o 57 &g ilize (Lo gy (65155 1 Aoy Lo :(F) J g

Sgde
EICHEPREN ay e o9
SI90%
Lo (650540 ds sl Sy
29078 oS Ty e S
o 5 Gz sleals s
T S5 Y AR Kot sl
KW
oo |y paiss
S W/dﬁ e T NG E opad jletl
So
G/Y 5 xe
b 3 S o HE o
o Yo ablas
4 daly
Vi ogso olasd jo panie Lsgie ol slogs
KPPRIIRY :
bty o yelid aesls
T S5 Lasgie ALAT Jsbop Lo
KW
i) o158 8 olbal>
9 e B pae il hge TE e alrals
e Ay o b gan,S
5 Geds b aiajls - (A1 Sy
ol vay, 7

5 i £ cdnme bl 4 caslio ,lSal, Gl (S b 4
S5 sleojgn ly sk Juslo laange 5 (S S Sl
Jloss! (51435 55 905m aiile el 555 (slagany Sy it iamslin
g oo Dgme S (ilulle b 3blic 5 I ot sl
Eoman Goed sl Jos (ol pl jo Suldggid slaailol aiy b
sl $970 G905 Silrine 5 So9ll 5 ale BT Jlow (ol
il g o sk 5 bal )l wiedsn slagan S orizen

ey Gl elaeS 5 slapinew 2l
&=

Abdulrazzaq, A. K. B. G. P. B. (2025). Enhanced Single-
Diode Model Parameter Extraction Method for
Photovoltaic Cells and Modules Based on
Integrating Genetic Algorithm, Particle Swarm
Optimization, and  Comparative  Objective

VEF b YA oly o)led Yoo leds po,lo> Jlo lpl 30 Coiio (555 0540 9 CodsS ldgh — (sole 4y i

24


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

Ol b ablie slabg, 5 Sallsgid gandsyon Sy o ,Shae b ]

https://doi.org/10.1016/j.solener.2018.06.035

Gandomzadeh, M., Yaghoubi, A. A., Hoorsun, A., Parsay,
A., Gholami, A., Zandi, M., Gavagsaz-Ghoachani,
R., & Kazem, H. A. (2025). Dust mitigation methods
and multi-criteria  decision-making cleaning
strategies for photovoltaic systems: Advances,
challenges, and future directions. Energy Strategy
Reviews, 57(October 2024), 101629.
https://doi.org/10.1016/j.esr.2024.101629

Gholami, A., Ameri, M., Zandi, M., & Gavagsaz-
Ghoachani, R. (2021). A Review on Dust Activities
in Iran and Parameters Affecting Dust Accumulation
on Photovoltaic Panels. Journal of Renewable and
New Energy, 8(12), 146-158.
https://doi.org/20.1001.1.24234931.1400.8.2.16.2

Gholami, A., Ameri, M., Zandi, M., & Gavagsaz
Ghoachani, R. (2021). A single-diode model for
photovoltaic panels in variable environmental
conditions: Investigating dust impacts with
experimental evaluation. Sustainable Energy
Technologies and  Assessments, 47(October),
101392. https://doi.org/10.1016/j.seta.2021.101392

Gholami, A., Ameri, M., Zandi, M., & Gavagsaz
Ghoachani, R. (2022). Electrical, thermal and
optical modeling of photovoltaic systems: Step-by-
step guide and comparative review study.
Sustainable Energy Technologies and Assessments,
49, 101711.
https://doi.org/10.1016/j.seta.2021.101711

Gholami, A., Ameri, M., Zandi, M., Gavagsaz Ghoachani,
R., Gavagsaz-Ghoachani, R., Gavagsaz Ghoachani,
R., Aslan, G., Majid, Z., Roghayeh, G. G., &
Mohammad, A. (2021). Dust Accumulation On
Photovoltaic Modules: A Review On The Effective
Parameters. Sigma Journal of Engineering and
Natural Sciences, 39(1), 45-57.

Gholami, A., Ameri, M., Zandi, M., Gavagsaz Ghoachani,
R., & Gholami, M. (2023). A fast and precise
double-diode model for predicting photovoltaic
panel electrical behavior in variable environmental
conditions. [International Journal of Ambient
Energy, 44(1), 1298-1315.
https://doi.org/10.1080/01430750.2023.2173290

Gholami, A., Ameri, M., Zandi, M., Gavagsaz Ghoachani,
R., Jafarzadegan Gerashi, S., Kazem, H. A., & Al-
Waeli, A. H. A. (2023). Impact of harsh weather
conditions on solar photovoltaic cell temperature:
Experimental  analysis and  thermal-optical
modeling.  Solar  Energy, 252, 176-194.
https://doi.org/10.1016/j.solener.2023.01.039

Gholami, A., Ameri, M., Zandi, M., Gavagsaz Ghoachani,
R.,, & Kazem, H. A. (2022). Predicting solar
photovoltaic electrical output under variable
environmental conditions: Modified semi-empirical
correlations for dust. FEnergy for Sustainable
Development, 71, 389-405.
https://doi.org/10.1016/j.esd.2022.10.012

Gholami, A., Ameri, M., Zandi, M., Ghoachani, R. G.,
Pierfederici, S., & Kazem, H. A. (2022). Step-By-

& Devices (SSD), 1252-1257.
https://doi.org/10.1109/SSD52085.2021.9429410
Belhachat, F., & Larbes, C. (2021). PV array
reconfiguration techniques for maximum power
optimization under partial shading conditions: A
review.  Solar  Energy, 230, 558-582.
https://doi.org/10.1016/j.solener.2021.09.089
Bimenyimana, S., Asemota, G. N. O., Kemunto, M. C., &
Li, L. (2017). Shading effects in photovoltaic
modules: Simulation and experimental results. 2017
2nd International Conference on Power and
Renewable Energy (ICPRE), 904-909.
https://doi.org/10.1109/ICPRE.2017.8390665
Bingdl, O., & Ozkaya, B. (2018). Analysis and comparison
of different PV array configurations under partial
shading conditions. Solar Energy, 160, 336-343.
https://doi.org/10.1016/j.solener.2017.12.004
Clement, C. E., Singh, J. P., Birgersson, E., Wang, Y., &
Khoo, Y. S. (2020). Hotspot development and
shading response of shingled PV modules. Solar
Energy, 207, 729-735.
https://doi.org/10.1016/j.solener.2020.06.078
Dehghan, A. A., & Barzegar, A. (2011). Thermal
performance behavior of a domestic hot water solar
storage tank during consumption operation. Energy
Conversion and Management, 52(1), 468-476.
https://doi.org/10.1016/j.enconman.2010.06.075
Dergisi, B., Journal, K., & Sciences, E. (2025). IMPACT
OF PARTIAL SHADING GEOMETRY ON THE
ENERGY AND EXERGY PERFORMANCE. 8055,
321-335. https://doi.org/10.36306/konjes. 1573123
Dhimish, M., Holmes, V., Mather, P., & Sibley, M. (2018).
Novel hot spot mitigation technique to enhance
photovoltaic solar panels output power performance.
Solar  Energy Materials and Solar  Cells,
179(February), 72-79.
https://doi.org/10.1016/j.s0lmat.2018.02.019
Eslami, S., Gholami, A., Akhbari, H., Zandi, M., &
Noorollahi, Y. (2022). Solar-based multi-generation
hybrid energy system; simulation and experimental
study. International Journal of Ambient Energy,
43(1), 2963-2975.
https://doi.org/10.1080/01430750.2020.1785937
Eslami, S., Gholami, A., Bakhtiari, A., Zandi, M., &
Noorollahi, Y. (2019). Experimental investigation of
a multi-generation energy system for a nearly zero-
energy park: A solution toward sustainable future.
Energy Conversion and Management, 200(May),
112107.
https://doi.org/10.1016/j.enconman.2019.112107
Fadhel, S., Diallo, D., Delpha, C., Migan, A., Bahri, .,
Trabelsi, M., & Mimouni, M. F. (2020). Maximum
power point analysis for partial shading detection
and identification in photovoltaic systems. Energy
Conversion and Management, 224, 113374.
https://doi.org/10.1016/j.enconman.2020.113374
Gallardo-Saavedra, S., & Karlsson, B. (2018). Simulation,
validation and analysis of shading effects on a PV
system.  Solar  Energy, 170, 828-839.

VP Gl YA ol o)leds ¥ oojlas oo )loz Jlo lnl 30 Cario (659 0500 § SoeS chdrghy — (ale 4 i

25


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

e el 5555 Glls

ARPN Journal of Engineering and Applied Sciences,
11(7), 4896—4903.

Jafari, H., Poursalan, A., Gholami, A., Gavagsaz-
Ghoachani, R., & Phattanasak, M. (2024). A Review
of Solar Tracking Technologies: Mechanisms,
Challenges, and Future Directions. 2024
International Conference on Materials and Energy:
Energy in Electrical Engineering (ICOME 2024), 1—-
4. https://doi.org/10.1109/ICOME-
EE64119.2024.10845331

Karaduman, O., & Parlak, K. S. (2025). A Dual-Adaptive
Perspective on PV Array Reconfiguration with
Genetic  Algorithms Under Partial Shading
Conditions. Applied Sciences (Switzerland), 15(4).
https://doi.org/10.3390/app 15041762

Kazem, H. A., Al-Waeli, A. H. A., Chaichan, M. T.,
Sopian, K., Al Busaidi, A. S., & Gholami, A. (2023).
Photovoltaic-thermal systems applications as dryer
for agriculture sector: A review. Case Studies in
Thermal Engineering, 47, 103047.
https://doi.org/10.1016/j.csite.2023.103047

Kazem, H. A., Al-Waeli, A. H. A., Chaichan, M. T.,
Sopian, K., Gholami, A., & Alnaser, W. E. (2023).
Dust and cleaning impact on the performance of
photovoltaic: an outdoor experimental study. Energy
Sources, Part A: Recovery, Utilization, and
Environmental  Effects, 45(1), 3107-3124.
https://doi.org/10.1080/15567036.2023.2191064

Kazem, H. A., Chaichan, M. T., Al-Waeli, A. H. A., Al-
Badi, R., Fayad, M. A., & Gholami, A. (2022). Dust
impact on photovoltaic/thermal system in harsh
weather conditions. Solar Energy, 245(July), 308—

321. https://doi.org/10.1016/j.solener.2022.09.012
Kazem, H. A., Chaichan, M. T., Al-Waeli, A. H. A, &
Gholami, A. (2022). A systematic review of solar
photovoltaic energy systems design modelling,
algorithms, and software. Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects,
44(3), 6709-6736.

https://doi.org/10.1080/15567036.2022.2100517
Krishna, S. G., & Moger, T. (2019). Optimal SuDoKu
Reconfiguration Technique for Total-Cross-Tied PV
Array to Increase Power Output Under Non-
Uniform Irradiance. [EEE Transactions on Energy
Conversion, 34(4), 1973-1984.
https://doi.org/10.1109/TEC.2019.2921625
Kumar, A., & Agarwal, R. (2023). Enhancement of power
output of partially shaded photovoltaic system using
optimal Sudoku puzzle based triple-tied-cross-link
reconfiguration techniques. Engineering Research
Express, 54), 045036.
https://doi.org/10.1088/2631-8695/ad0198
Laamami, S., Benhamed, M., & Sbita, L. (2017). Analysis
of shading effects on a photovoltaic array. 2017
International  Conference on Green Energy
Conversion Systems (GECS), 1-5.
https://doi.org/10.1109/GECS.2017.8066212
Madhanmohan, V. P., Nandakumar, M., & Saleem, A.
(2020). Enhanced performance of partially shaded

Step Guide to Model Photovoltaic Panels: An Up-
To-Date Comparative Review Study. IEEE Journal
of Photovoltaics, 12(4), 915-928.
https://doi.org/10.1109/JPHOTOV.2022.3169525
Gholami, A., Eslami, S. H., Tajik, A., Ameri, M.,
Gavagsaz Ghoachani, R., & Zandi, M. (2019). A
review of dust removal methods from the surface of
photovoltaic panels. Mechanical Engineering,
Sharif Journal, 35(2), 117-127.
https://doi.org/10.24200/j40.2019.52496.1496
Gholami, Y., Gholami, A., Ameri, M., & Zandi, M.
(2018). Investigation of Applied Methods of Using
Passive Energy In Iranian Traditional Urban Design,
Case Study of Kashan. 4th International Conference
on Advances In Mechanical Engineering: ICAME
2018, 3-12.
Ghosh, S., Singh, S. K., & Yadav, V. K. (2023).
Experimental investigation of hotspot phenomenon
in PV arrays under mismatch conditions. Solar
Energy, 253, 219-230.
https://doi.org/10.1016/j.solener.2023.02.033
Goetz, S. M., Wang, C., Li, Z., Murphy, D. L. K., &
Peterchev, A. V. (2019). Concept of a distributed
photovoltaic multilevel inverter with cascaded
double H-bridge topology. International Journal of
Electrical Power & Energy Systems, 110, 667-678.
https://doi.org/10.1016/j.ijjepes.2019.03.054
Gupta, A. K., Maity, T., H, A., & Chauhan, Y. K. (2021).
An electromagnetic strategy to improve the
performance of PV panel under partial shading.
Computers & Electrical Engineering, 90, 106896.
https://doi.org/10.1016/j.compeleceng.2020.106896
Hanifi, H., Dassler, D., Turek, M., & Schneider, J. (2018).
Evaluation and Comparison of PV Modules With
Different Designs of Partial Cells in Desert and
Moderate Climates. /EEE Journal of Photovoltaics,
8(5), 1266-1273.
https://doi.org/10.1109/JPHOTOV.2018.2841515
Hasan, K., Yousuf, S. B., Tushar, M. S. H. K., Das, B. K.,
Das, P., & Islam, M. S. (2022). Effects of different
environmental and operational factors on the PV
performance: A comprehensive review. Energy
Science &  Engineering, 10(2), 656-675.
https://doi.org/10.1002/ese3.1043
Hoorsun, A., Gandomzadeh, M., Yaghoubi, A., Parsay, A.,
Gholami, A., & Zandi, M. (2024). Insights and
Research Trends of Dust and Cleaning in Solar
Energy: A Bibliometric Review Study. 9
International Conference on Technology and
Energy Management (ICTEM 2024 ), 1-5.
Hosseini, S. A., Kermani, A. M., & Arabhosseini, A.
(2019). Experimental study of the dew formation
effect on the performance of photovoltaic modules.
Renewable Energy, 130, 352-359.
https://doi.org/10.1016/j.renene.2018.06.063
Humada, A. M., Sulaiman, M. H. Bin, Hojabri, M.,
Hamada, H. M., & Ahmed, M. N. (2016). A review
on photovoltaic array behavior, configuration
strategies and models under mismatch conditions.

VEF b YA oly o)led Yoo leds po,lo> Jlo lpl 30 Coiio (555 0540 9 CodsS ldgh — (sole 4y i

26


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

Ol b ablie slabg, 5 Sallsgid gandsyon Sy o ,Shae b ]

Park, J.-S., Oh, W.-]., Joo, J.-H., Y1, J.-S., Hong, B.-Y., &
Lee, J.-H. (2020). Design of High-Power and High-
Density Photovoltaic Modules Based on a Shingled
Cell String. Journal of Nanoscience and
Nanotechnology, 20(11), 6996-7001.
https://doi.org/10.1166/jnn.2020.18837
Parsay, A., Gandomzadeh, M., Yaghoubi, A. A., Hoorsun,
A., Gholami, A., Zandi, M., Gavagsaz-ghoachani,
R., & Kazem, H. A. (2025). Enhancing photovoltaic
efficiency: An in-depth systematic review and
critical analysis of dust monitoring, mitigation, and
cleaning techniques. Applied Energy,
388(February), 125668.
https://doi.org/10.1016/j.apenergy.2025.125668
Piryaei, Z., Gholami, A., & Zandi, M. (2025). 4E
performance evaluation of renewable microgrids:
Comparing hydrogen and battery storage for nearly
net zero energy buildings. Energy Conversion and
Management, 332(February), 119711.
https://doi.org/10.1016/j.enconman.2025.119711
Qian, J., Thomson, A., Blakers, A., & Ernst, M. (2018).
Comparison of Half-Cell and Full-Cell Module
Hotspot-Induced Temperature by Simulation. /EEE
Journal  of  Photovoltaics, 8(3), 834-839.
https://doi.org/10.1109/JPHOTOV.2018.2817692
Rajani, K., & Ramesh, T. (2020). Maximum power
enhancement under partial shadings using modified
Sudoku reconfiguration. CSEE Journal of Power
and  Energy  Systems,  7(6), 1187-1201.
https://doi.org/10.17775/CSEEJPES.2020.01100
Ramesh, D., & Anbalagan, K. (2024). Cyclic back shift
method for maximizing PV array power under
partial shading. Electrical Engineering, 1-17.
https://doi.org/10.1007/s00202-024-02855-1
Ramli, M. Z., & Salam, Z. (2019). Performance evaluation
of dc power optimizer (DCPO) for photovoltaic
(PV) system during partial shading. Renewable
Energy, 139, 1336-1354.
https://doi.org/10.1016/j.renene.2019.02.072
Razeghi Jahromi, D., Gordali, M. M., Gholami, A., &
Zandi, M. (2024a). Floating Photovoltaic Solar
Systems: Component Selection, Design,
Installation, Operation, and Maintenance. Journal of
Renewable and New Energy, 12(1), 173-181.
https://doi.org/10.22034/jrenew.2025.206117
Razeghi Jahromi, D., Gordali, M. M., Gholami, A., &
Zandi, M. (2024b). The causes and effects of the
degradation of solar photovoltaic panels’
components. [ranian Electric Industry Journal of
Quality and  Productivity, 12(4), 18-32.
http://ieijqp.ir/article-1-955-en.html
Razeghi Jahromi, D., Minoofar, A., Ghorbani, G.,
Gholami, A., Ameri, M., & Zandi, M. (2023).
Harnessing Sunlight on Water: A Comprehensive
Analysis of Floating Photovoltaic Systems and their
Implications Compared to Terrestrial. Journal of
Renewable Energy and Environment.
https://doi.org/10.30501/jree.2023.400301.1601
Rezvani, M., Gholami, A., Gavagsaz-Ghoachani, R.,

photovoltaic arrays using diagonally dispersed total
cross tied configuration. Energy Sources, Part A:
Recovery, Utilization and Environmental Effects,
47(1), 477-495.
https://doi.org/10.1080/15567036.2020.1826008

Mamun, M. A. Al, Hasanuzzaman, M., & Selvaraj, J.
(2017). Experimental investigation of the effect of
partial shading on photovoltaic performance. /ET
Renewable Power Generation, 11(7), 912-921.
https://doi.org/10.1049/iet-rpg.2016.0902

Minoofar, A., Gholami, A., Eslami, S., Hajizadeh, A.,
Gholami, A., Zandi, M., Ameri, M., & Kazem, H. A.
(2023). Renewable energy system opportunities: A
sustainable solution toward cleaner production and
reducing carbon footprint of large-scale dairy farms.
Energy Conversion and Management, 293, 117554.
https://doi.org/10.1016/j.enconman.2023.117554

Mohapatra, A., Nayak, B., & Mohanty, K. B. (2021).
Analytical approach to locate multiple power peaks
of photovoltaic array under partial shading condition
and hybrid array configuration schemes to reduce
mismatch losses. Energy Sources, Part A: Recovery,
Utilization and Environmental Effects, 47(1), 9193—
9214.
https://doi.org/10.1080/15567036.2021.1945710

Nipu, N. N. N. N. N., Saha, A., Khan, M. F., & Khan, F.
(2016). Effect of accumulated dust on the
performance of solar PV module. International
Journal of Engineering & Technology, 6(1), 9.
https://doi.org/10.14419/ijet.v6i11.6316

Ortiz-munoz, D., Luviano-cruz, D., Perez-dominguez, L.
A., Garcia-luna, F., & Rodriguez-ramirez, A. G.
(2025). Hybrid Fuzzy — DDPG Approach for
Efficient MPPT in Partially Shaded Photovoltaic
Panels.

Ozkalay, E., Valoti, F., Caccivio, M., Virtuani, A., Friesen,
G., & Ballif, C. (2024). The effect of partial shading
on the reliability of photovoltaic modules in the
built-environment. EPJ Photovoltaics, 15, 7.
https://doi.org/10.1051/epjpv/2024001

Pachauri, R. K., Bai, J., Kansal, 1., Mahela, O. P., & Khan,
B. (2021). Shade dispersion methodologies for
performance improvement of classical total cross-
tied photovoltaic array configuration under partial
shading conditions. [ET Renewable Power
Generation, 15(8), 1796-1811.
https://doi.org/10.1049/rpg2.12147

Pachauri, R., Yadav, A. S., Chauhan, Y. K., Sharma, A.,
& Kumar, V. (2018). Shade dispersion-based
photovoltaic array configurations for performance
enhancement under partial shading conditions.
International Transactions on Electrical Energy
Systems, 28(7), €2556.
https://doi.org/10.1002/etep.2556

Pannebakker, B. B., de Waal, A. C., & van Sark, W. G. J.
H. M. (2017). Photovoltaics in the shade: one bypass
diode per solar cell revisited. Progress in
Photovoltaics: Research and Applications, 25(10),
836—849. https://doi.org/10.1002/pip.2898

VP Gl YA ol o)leds ¥ oojlas oo )loz Jlo lnl 30 Cario (659 0500 § SoeS chdrghy — (ale 4 i

27


https://ieijqp.ir/article-1-1025-fa.html

[ Downloaded from ieijqgp.ir on 2025-09-03 ]

e el 5555 Glls

Photovoltaic Array by Optimal Reconfiguration and
Current Injection Schemes. Energies, 14(19), 6332.
https://doi.org/10.3390/en14196332

Vicente, P. D. S., Pimenta, T. C., & Ribeiro, E. R. (2015).
Photovoltaic Array Reconfiguration Strategy for
Maximization of Energy Production. International
Journal  of  Photoenergy, 2015, 1-11.
https://doi.org/10.1155/2015/592383

Vieira, R., de Aragjo, F., Dhimish, M., & Guerra, M.
(2020). A Comprehensive Review on Bypass Diode
Application on Photovoltaic Modules. Energies,
13(10), 2472. https://doi.org/10.3390/en13102472

Wen, Z., Chen, J., Cheng, X., Niu, H., & Luo, X. (2019).
A new and simple split series strings approach for
adding bypass diodes in shingled cells modules to
reduce shading loss. Solar Energy, 184, 497-507.
https://doi.org/10.1016/j.solener.2019.03.099

Yaghoubi, A. A., Gandomzadeh, M., Gholami, A.,
Gavagsaz-Ghoachani, R., Zandi, M., & Phattanasak,
M. (2024). Harnessing Machine Learning with
Advanced Linear Regression Models to Forecast PV
System. 2024 International Conference on
Materials and Energy: Energy in Electrical
Engineering  (ICOME  2024), MI, 1-4.
https://doi.org/10.1109/ICOME-
EE64119.2024.10845673

Yaghoubi, A. A., Gandomzadeh, M., Gholami, A.,
Gavagsaz Ghoachani, R., Zandi, M., & A. Kazem,
H. (2024). Optimize photovoltaic panels cleaning
scheduling framework based on variations of
hourly-based active electricity pricing in the market.
Solar Energy, 275(May), 112633.
https://doi.org/10.1016/j.solener.2024.112633

Yaghoubi, A., Gandomzadeh, M., Parsay, A., Gholami,
A., Gavagsaz-Ghoachani, R., & Majid, Z. (2024). A
Review on Machine Learning Model
Implementation for Photovoltaic Systems. The 11th
Iranian Conference on Renewable Energy &
Distributed Generation (ICREDG 2024), 1-5.
https://doi.org/10.1109/ICREDG61679.2024.10607
821

Ye, C.-E., Tai, C.-C., Huang, Y.-P., & Chen, J.-J. (2021).
Dispersed partial shading effect and reduced power
loss in a PV array using a complementary SuDoKu
puzzle topology. FEnergy Conversion and
Management, 246, 114675.
https://doi.org/10.1016/j.enconman.2021.114675

Yousri, D., Babu, T. S., Pachauri, R. K., Zeineldin, H., &
El-Saadany, E. F. (2024). A novel argyle puzzle for
partial shading effect mitigation with experimental
validation. Renewable Energy, 225, 120307.
https://doi.org/10.1016/j.renene.2024.120307

Phattanasak, M., & Zandi, M. (2022). A review of
the factors affecting the utilization of solar
photovoltaic panels. 2022 Research, Invention, and
Innovation Congress: Innovative Electricals and
Electronics (RI2C), 62-69.
https://doi.org/10.1109/RI12C56397.2022.9910278

Sai Krishna, G., & Moger, T. (2019). Improved SuDoKu
reconfiguration technique for total-cross-tied PV
array to enhance maximum power under partial
shading conditions. Renewable and Sustainable
Energy Reviews, 109, 333-348.
https://doi.org/10.1016/j.rser.2019.04.037

Saiprakash, C., Mohapatra, A., Nayak, B., & Ghatak, S. R.
(2021). Analysis of partial shading effect on energy
output of different solar PV array configurations.
Materials Today: Proceedings, 39, 1905-1909.
https://doi.org/10.1016/j.matpr.2020.08.307

Santra, S. B., Mohanty, S. K., & Roy Choudhury, T.
(2024). Simplified circuit model of novel bypass
diode based PV array for circulating current and
power loss minimization under partial shading.
COMPEL - The International Journal for
Computation and Mathematics in Electrical and
Electronic Engineering, 44(1), 1-18.
https://doi.org/10.1108/COMPEL-06-2024-0257

Sharma, P., & Mishra, R. K. (2025). Comprehensive study
on photovoltaic cell’s generation and factors
affecting its performance: A Review. Materials for
Renewable and Sustainable Energy, 14(1), 1-28.
https://doi.org/10.1007/s40243-024-00292-5

Siddique, M. A. B., Zhao, D., & Rehman, A. U. (2025).
Emerging maximum power point control algorithms
for PV system: review, challenges and future trends.
Electrical Engineering.
https://doi.org/10.1007/500202-025-03002-0

Sollazzo, L., Mangherini, G., Diolaiti, V., & Vincenzi, D.
(2025). A Comprehensive Review of Agrivoltaics:
Multifaceted Developments and the Potential of
Luminescent Solar Concentrators and Semi-
Transparent Photovoltaics. Sustainability
(Switzerland), 17(5).
https://doi.org/10.3390/su17052206

Soni, A. K., Jana, K. C., Gupta, D. K., Pal, P. K., & Jha,
A.K.V.(2025). Design and Analysis of an Adaptive
Global Maximum Power Point Tracking Algorithm
for Enhanced Partial Shading Detection and GMPP
Tracking. Arabian Journal for Science and
Engineering.  https://doi.org/10.1007/s13369-025-
10018-y

Vadivel, S., Boopthi, C. S., Ramasamy, S., Ahsan, M.,
Haider, J., & Rodrigues, E. M. G. (2021).
Performance Enhancement of a Partially Shaded

VEF b YA oly o)led Yoo leds po,lo> Jlo lpl 30 Coiio (555 0540 9 CodsS ldgh — (sole 4y i

28


https://ieijqp.ir/article-1-1025-fa.html
http://www.tcpdf.org

