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Abstract:
The development of photovoltaic solar systems as one of the solutions for electricity supply in the form of
sustainable and modern development has attracted much attention in recent years. Nevertheless, since these
systems are located in open environments, they are exposed to a set of external harsh conditions and stresses
during their working period. Ultraviolet radiation, fluctuating temperature, and humidity cycles, rain, snow
and hail, wind, dust and sand storms, or salt deposition can severely affect the efficiency of photovoltaic
power plants and the lifespan of these systems. A review of previous literature implies that solar panels have
an average degradation rate of at least 0.5% per year, although this rate will be higher in warmer climates.
This means that under the best conditions, on average, after 20 years, the panel can produce less than 90% of
the electricity produced in the first year. Accurate prediction knowledge of the types of possible failures for
these systems can lead to better management of the systems and their higher productivity. Therefore, in the
present study, a content analysis method was used to review previous research in this field to categorize and
explain the types of failures reported for these systems as well as the reasons for such failures and the
affected components. The current study reviewed and investigated the degradation mechanisms related to
weather and environment, the degradation mechanisms of ethylene vinyl acetate copolymer, and the stability
relationships of the materials in silicon-based solar panels. By reviewing the related studies, the photovoltaic
solar panel components failure was classified thoroughly. The effects caused by the degradation of this
polymer such as color change, layering, bubble formation, and corrosion, and their relationship with polymer
structure, and chemical, mechanical, optical, and electrical properties have also been studied. It has been
demonstrated that various factors, including elevated temperatures, humidity, thermal cycling throughout
different daily, seasonal, and annual periods, exposure to ultraviolet rays, and disruptions in the electrical
behavior of solar panels—such as high voltage or high current—are primary contributors to failures in
photovoltaic solar panels. These factors not only contribute to failures but also exacerbate the progression
and acceleration of such failures. The findings from this comprehensive review have been disseminated to
researchers and key decision-makers within the realm of photovoltaic solar systems and the electricity
industry's efficiency. This serves to inform and guide advancements in solar technology and strategic
decisions for enhanced electricity sector performance.

Keywords:
Solar cell, Polymer, Delamination, Chalking, Corrosion, Hot spots, Spiral effect

Date of sending the article: 2023/04/04
Acceptance date of the article: 2023/07/01

Name of responsible author: Majid Zandi
Corresponding author's address: m_zandi@sbu.ac.ir

Iranian Electric Industry Journal Quality & Productivity Vol. 12/ No. 4/ Winter 2024


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

Iranian Electric Industry Journal Vol. 12 / No. 4/ Winter 2024
Quality & Productivity ISSN 2322-2344
V-VF o aue EISSN 2717-1639

T g lacde p (55950 Sy Lilgaid (o yo5 o iy 152! o 55
gy aalllas g4
T 6585 (605 dummo (655 o ade Dol ¢ ol IS (ggmitils ( Ao )5 (sope demme ¢l IS (sgmmitils (0> (35, Luyo
dorsa.razeghi@gmail.com ¢l 51 - o) a5 —ciy ;& ciaio olKils ~SilSo  camiigee 008l -
mgordalil2@gmail.com <)l 1 - ) 05 — St duged olSiils — (65,1 9 Sl | waige oaSiiils -Y
a_gholami(@sbu.ac.ir «,l ! - )| 565 - o aupd olKils — (65,3 § SilSa  cusdigo saSils -V

m_zandi@sbu.ac.ir ¢l ! - |5 - iy dugd olKiils - (655l g SlSe i oaSiils -F

Sdle )3 (g 9 sl arnwgl B )0 3 (el by Bel, 51 (SO plaieds Sullgand (o j95 Srdibole drwsi louaSs
P 33 3k GLad 50 51,8 a4 angi b o9 ()5 099 50 dilolu (g2 genl b ol aid)S 1,5 4z i 3 90 Hlows S
Sl ()9 ST 9 Bl Al ugb) g Lo Glug Ay (Al b5 S (o0 1,8 (21 S I glaegoco
Flbable ol e Job g Sulilgeid olg i )90 2y Cobiay wilei (oo Swd gy b g oo 9 )1aé 9 0,5 o lsb
o[ Sgu> 4o ‘;u):u zr LS‘)b JS‘..\: u.».f.tl...c )5194\.’ (S y g ‘sLbJ.u as AR 0 QL“"’ W) ﬁbU' LsLbuu.b’J.' 950 AJ)L.\K.’
@ yguoas Loy s (1 yidr 30 45 Camwlimo oy (092 wBlg3 VL S5 (len 9 ST Ll ph 40 & 55 ol az ST cicinnd Jlw y3 oy
sl s lgl 5l @GuBo colid i adgi 1) Jol Jlw 50 oo adgi' § 2 wuoyd Av 5l S Wilgi (oo g o Jlw Ve 3l () bawigito
b polo anlllao 30 eg el 31 bl anils JLisa 1y byl 5V 6590 e 9 Wailobes yigg Ca oo wilgh oo bailol (3! (5l ySow
ol Yo g oals (0,155 sl S glgil U ol ol aislop alaej ol )0 by SLoR9T s9p0 4 (Rothe Sl by,
S0 clanzo 919 9 T 4 by po o 505 (S amnilSo Alio (91 10 090 gy il 9 (Guinasnsd il i (51521 g Lol 5
3143855 5138 (omry 320590 p gl 2 (S (Gl ye3 S 50 00l (n (5)lmly Ly g bl Jusu g (Pl pouly o5 ey
Pl (s rody HS Lo bl alaly g (50,95 (ol JaSid (i YAy () puadl wiilo Jud pouly ol y55 31 (S50 6T
Ol S ol 9 yllizme gy (A g3s o 51 ol ol ! a8 )5 51,8 andlian 3 )90 55 LT (K 358U 5 (5595 (Sl < Lrond

ol oals il 3y o (5590 e 9 S Wggid (g y 95 sailol 09>

93> F1E bl (53,95 ((F3)gS (b ¥ oudy (gl y95 Jokuw 1 gaalS slaojlg
VXA ¢ Wlio Sl o6

AL 08 JATE [ PO SR O T
G5 Sz ¢ Jytans (Godtm sl ol

m_zandi@sbu.ac.r )|l o) 5 « cige duged olSisls ¢ 65,3l 5 SilSe  omwdigeo 00SLESlS + Jgime (ot gi LS

VFe¥ UL..M)YJY @Lu O)L.o..wf O)L.o.-i: pbo)‘sd JL;.: U‘JJ‘ d)JuMLg)j o).efsm‘sm&j)—\*u;ql& AJ).M.A


mailto:m_zandi@sbu.ac.ir
https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

T 5 lacde (5550 1 Snlilagid (500805 sladsy iz o5

59l g ey (IS 00,8 90 4o a5 (Al-Waeli, & Gholami, 2022
(Eslami et al., 2019, 2022) sib o cuns 5 arwg Jb> 5o
2 pep gboailele jloslinul (ogas s 5 it glas )5
Akrami, ) coul 4l arwg 3 sloJle ;o 58 ol 4l
L «Gholami, et al., 2018; Akrami, Khazaee, et al., 2018
95 ol sl il sand s> 4l laailels oyl 5l soliul Jl> !
aSpl sl (A. Gholami, Eslami, Aryan, et al., 2019) s,ls 1,
sladn 990 sl wnaly Jll BB 5 plgs L golatdl Sl |l
ol o a8 alia b gl Yo B YD G 4y g0 55 Slidgerd
L .(Ottersbock et al., 2017) oS IS loadsl b caigd o oz
oyl az o wush) Joo else (5,00 55 (285 )13 sz gcnl
sy zor » Sl pedle wedys> 8 i sle asdl
Chaichan et al., 2021; A. Gholami, ) Ssldged (goni e
Ameri, Zandi, Gavagsaz Ghoachani, et al., 2022; A.
Gholami, Ameri, Zandi, Gavagsaz Ghoachani,
Jafarzadegan Gerashi, et al., 2023; Kazem, Chaichan, Al-
o o (59, Ladloo olge rals cel (Waeli, Al-Badi, et al., 2022
@ e &S S9d oo ol 5l S Sl 9 Sl g 09d o
Lo YO 51 58 a bl yee als b s baills ol o Slas als
(Makrides et al., 2010; Sharma & Chandel, 2013) s o
Sy yoe g o33kl p &S 5l pogdle (o> 5l 63)l90 iz
5 ol Plas 59 el Wil oo 0)]85 (oo Sulilgeid (gue o>
@ by ye sl @ gloig axgi o3l gladle ) 0l 5l 050
b ol anseis Gl @i o irgh 5 canl oads bailels oyl
ool 31 sladls o baals 55 GalS 5 gl (g0 Shos T 5
Mahmood & TamizhMani, 2023; Yaichi et al., ) <ol oo

(2023

G5 sl el b o Shes oS Sl Gol> S 0

Slge 3l 6l p3 Ll gl oos (A (23 plye 4 I35 536
s9b 635 gl (ST Slacen] 148 W5 )13 5.8 (w0 090 b
a5 o3l o, Sl 0szg Jlie lexe 4 (Makrides et al., 2010)
@ pie Gz ax STwl 485 )18 azgi 0590 3l laJle o
a5 iy Jsbo 5 551 i w005 oo i 0030 iy inlS
2 S oS g el poede (Walwil et al., 2017) cwl axg
el g JB 5 Jo> plln Saldgid sond o o Ldlre aipd
Sbwl (wtes by joe Jsb 55 Jge 5 wlos Jolie (sl 51 25)
ssbar s adsl slacen o a5 coul cald G et 5 (S s oo
I3 el e sl 53 Ll 835 o 3 Jsho 8 Shos et
Sad Yy ( Foje5 aile ol slacdl pl byl o>

doddo )

tze B Olee an 635 4 Glaz 5l @038 sleass o

Al aaly delsl Wgy cpl 9o o (i § Sl AL 2ul33
Aryanfar et al., 2022; Aryanfar, Gholami, Pourgholi, )
Eogm a2y Jdo 4y 5 s slaile—ie ol (Zandi, et al., 2021a
2l oo drgd Jlo 50 (Glo)s-iS )0 ohig 4 Comazr 0D g Lo
Oye—odn 138 5 (65,5 4a 5Ls a8 (A, Gholami et al., 2020)
5 (Razeghi Jahromi et al., 2023) culools 158l (6,5 i
Ameri et al.,, ) cwl 05,5 e Jleo |y 6550 5 (2lde col
2023; Kazem, Al-Waeli, Chaichan, Sopian, Al Busaidi, et al.,
3 oolaiwl mad Ll o 4> ,51.(2023; Minoofar et al., 2023
il ol o ol IS8l a4l 5 gyt sl
3,50 550 ,ol> Jl= 4o «Y. Gholami et al., 2018) el o5
S JES s b slacd s 5,k ) 5 ol esli
Gl S @ g, alwg o] 53 45 89— oo el S g 38
@ bgye e oy ot o illy (Gl negdle ((V) JS2)
s Jlosl (53 1|y Sl il 4255 Slocd g Gy
Bl 5l St 4z o ooliiul 5 (65,1 0l adgl e yo (ol
Aryanfar, Gholami, ) ol o0, e i ua =i (65,
«(Pourgholi, Zandi, et al., 2021b; Pasandideh et al., 2022
il o a1y o] 51 ool § dmwgs oy Cas s ¢ Jole ol &S
A. Gholami, Tajik, et al., 2019; Noorollahi, ) <l ssls

Khatibi, et al., 2021; Noorollahi, Vahidrad, et al., 2021;
.(Oliveira et al., 2018

ale=gipl b

T ¥ F T8 » <

V4A 194- (S =8 v Yore TE- T

Energy Transition ) ;L sau ‘_,.,.oﬁb G55 S e 1(1) S
.(.Outlook 2021 | DNV, n.d

ol ey pdyaas 55 @ (ANl et e 555

Aryanfar et al., 2020; Aryanfar, Gholami, Pourgholi, & )
(Sdd 95 S5l 5l g pe S ,Stg, om0 (Zandi, 2021
@ Sl ol cS e @ az g L Suldgais oty slaasbels
Jo 5o slegs 5l (n g 3l (S pol S 50 wilia B S
Kazem, Chaichan, ) aiius 0SS G pae Caud 50 b ol

VFe¥ ul:..m)vv @L’J O)L.o..pf O)L.o..iv p}bo)‘sd JL.u U‘)Jl d)“‘““"‘“‘od)ﬁ oﬁjw‘s..&j))*‘solc 4.:)“..;


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

G Sz (oM Phol ¢ Jed 5 (sage dezme oyt (B3l Luyo

ol oy ol ol Slo e oy b i bl o 285

el oo 1)) ST slaimgs sl

S ldggid (slafy ouijlu Lol sli! .Y
sadse b Y wir laailols ( Sulgeid sla sy IS H5ba
e RS @ pogatne oyl oslinal b o5 wiis il
el Sealilgsis 500,55 iy S Lol slailye (V) JS5 ailoas
Lépez-Escalante et al., 2016; Schneller et ) s»s o oL |,

.@l., 2016

.

o eSS

ot sl

e A

(e oS Jy oaids Sl 32 (V) Sl

JoSis Sl b ased 5l S sl Al 5l as e 1

pomcben olrdas izl a5 ol yer ool ol o0l
5 el ' Sl ety sl pedysS 1 iy oS Sl SOl e
Falysls aloz 5lo,58sld o packy 51 aS by s wo)ls 2 po 1) sk
3o 5 o Sl D9 se adgi Tkl giels 15 b Tl jeld g L
Sdgs sSebe o° g Sy 5l as a8k g0 pgate g5l 5
aaz Jold 3 J.._. iy Ceomd 09l oo oolaw! w00l
PV 5 olsl 5l Jgene Ojgony a5 cenl (S Sl gl JLas
sl 0y JoSa5 Sexodly b ponteagl] 5 55 by S8 055 00 sl

@ obiws glp aS cul ol 51 S i sla gy mls
ool sloadlge ( Sullgsid (andsys> oy I sy90540 2 e
el 31 oISl > B sl ot sty (slo ol i i
slygle andl il g Cugb ) o SlSe slalid aiile Jais podinse
Ceosd 05 (339 LS 4 (5reely Dlge g0l 5l i ciliblowe Jhbny
Olye 4 laml 5l ggiin 5 Vb jlows bl 5 ol sla S 5 (b
slody L2l 5l g BB a5 lp anS ke
(Griffini & Turri, 2016) wogs oo 48,5 ,lai 1o (gawd 95

rdye> ol 59) » ond plxil Glagtagy (Jl> ool b
2150 a5 aes o las Gt slapdBl jo 00l ual Sl g

5 2l Llps Slss @ 6505 (Sly 63 5 (Jsbo w55 05

4 Polytetrafluoroethylene
> Butyl Rubber
6 Polyethylene terephthalate

5B 4 e a5 Lelge 51 S50 S (Ndiaye et al., 2013) s o
St 90,5 St s F oo s o3 sla iy 3,5 Jos ol
Egdye ol 4 azgi pas Djygo )0 45 Wl s (s30hy9 sladn
3 S )P g o ahali (ezen (owlul la ol > 4 mie wlgi oo
A. Gholami, Ameri, Zandi, & Gavagsaz-Ghoachani, ) s 5
Shs diey ol 5o asdllas g0 51 (2021; Rezvani et al., 2023
Sl 00,5 Gl 393 4 1) (soaate ol Kty a9 Sl ool Bl
Kazem, Al-Waeli, Chaichan, Sopian, Gholami, et al.,)

2023

3 VA ams byl 5l cesad eod cea la i o5
90 45 el o0 48,5 1B ) 050 Do Ysb olatagh
S aadoe Glad ane) (nl po eud plxil la gy 5 lah)lS
o S5 el el ia 0ad B o el (n S
L 3ilao .(Badiee et al., 2016) coul 05gy (55,95 5 ool a¥ayY
e slaaild g oaims JoSis dlge p3 Slss baieghy ol
815 1, dbg o sl iy 45 el sud ol sad g slo L
LIRS ol G 4y dyd> sl togs bl o0l 5l ass
sl £ 85 Ceol Gl 51 S 59,0l slo sy sl adsl Slase
e el cwl adly GalS S5 e s ood aYay
Jedods £ bl b Jobo S5 aiile 3 0us svalive slapusilSe
5o Ll Woss glulis LB ands o oY (5,58 992y pac
Jordan & Kurtz, ) 0si oo JWio 6 5YL #5 b gyl slaings
2013

gl a5 (e wily g e olig BT 5 g5o90 Copenl 4 azgi L

5 kS p Sullegd sund s sladn b s slals
Wl 3p Caie g Suldsgd ord o> leols s 550
slodn o Jelse b s re glaiagh joe & ol fagh
G 3l sl ous 35 p0ke Laaibols (l (595 5 BT 5 soeder
Seldssd sund i slaalels 933l 59, drng a4 az gl b K00
Lalys Jdo a0 a9) bl sty S8 30 Jelse 5 o o5 g9 4yl
slaalbe 4 o j5lit Sullggd sloalels wglite larme
anlllas ;o jslate (pl 1y 0gd o (o) 2 3 (Awd Dgliie ¢ S
sbadn el ol Gzl (oriny slogiagh mal 90 b ol

8 andllas 0550 das jo sl ;55 Elgl (a9 gu pES (GO 95

1 Ethylene-vinyl acetate
2 Fluoride
3 Polyvinyl fluoride

VFe¥ um)VY CS’L"J O)Lo.»:f O)L.o.-iv pjbo)‘sd JL.u U‘)Jl d)JuMLg)j °)QA5C“-"“-:SQ5‘*"’5)-"5"J'° 4.:)“.;


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

LT g lacde (5550 1 Salidggd (gandjo5 sloky gl 56

993 sle Ju )b by,

ast) 95 Acliaan )9

Jusl>as)ly o8Iy,

Gy @y l9 dudy 5>

I oSy 59 sl

Aiian 33} o]
o i S @ e 3

Ji it @ 0 3l ey 93 l

Bl o gl p (kg 90 G yet s iy I eolaiwl (YY) Sl
ol Colino o g b5

Ol 3 a8 cul ilisle b slaind g0 and e sladn
5 slated Jn b (s By e 5 Jyere asizes] sl
Lo Jol5 o & s 03 sl gl ameii )3 35 sm 550l
o515 4 o ysn iy yb iz B ol b lons ablo i
Sl o sl g oo Dot elugl ) (om0 )0 (5285 51,8 L je0 50
795 Ol 05d o0 el 5 el pdyn] GYsb ey Do
(Tang et al., 2017) ol iols 556 £, L o]
ol b o coslitl LB o y5lid ciliseo glyil ol 3925 b
S5k A (5,5l 4 bgiye 059> (nl 5l do o A dgas o
Ao 08 ppanlas § poeslS wy sl S pld adl .ol ooy
Jlo 0 1, 5l slas,0ld aoy0 Vg doys £ ogas cud S 4
35 55 9,00) 5! (Oliveira et al., 2018) wisls plaxslogs 4 Y- YY
lasho o5 5 polie ()3 sl (G5Sebo lacs,glid  anlllae oyl
JSiS ) pranden goldass o e Soldggd gund g
by oyl Jlsl sl oblie 5 eobawl Jangipls ouds dins oo
ol o5 Qb cudlad an flpsle andl plp e caglis
0535192 5 Ol il 50 (o Cuoglin 5 ated 4 o3 (S
oS ool Szdly 905 il Lty skl (iang et al., 2015) ol
Jiang et al,,) 5,5 o )18 co,55 sleossy oyme ;0 S5k
S5 Jolis bl Juss g0l o 55 .(2015; Schneller et al., 2016
i lpsle (A g Cagh ded 4 oS Cel pliond (S0 pailSe

gusSil Sgo -Y-Y
Sl a5 cal e oole S prndin i cidgul S
9 53 slaJshu il 5 Gand 3 slaole o (Sdis

laal orf@)\ﬁooml b)yijw@wr‘bsw

S roek slodilge o 55 45 > 50 il (A 5 Led o390) (9o
wims o plazsl ogs 4 | iy isle 5 azg LB Lise oS
395 3l ol 5 plspgnl Sl elgil 4 (65 e ol (Sinls
Qlyo w,?u Gi"""‘"ﬁ 03 rst?u‘ LQLQGM;)).: d.:UaA N uLM;
Si 5 ) slop oS Cesl i nl e 2o 5 Ol it ey
4 e Jotme S| FGie S peen)S Sl92 5 2l g S 5| S
3,35 o 3l Lol JEle 1 5 95500 (5 yoedy Slse sloc 59 €l

(Omazic et al., 2019)

5 Fo¥pe Sl @ dtes wilgioe redy Slge Dliogas

Gl Jbe plgrsas a8 sd St )b 4 woliiul Lylyd
el Wlgs oo 9 05 oo pSG CS 1) (npsh e Sl el oo
S 55 (Varga & Ehrenstein, 1997) 058 bolge ol g3 s o 50
bl s ol Ll il Sl ol e Jelse
2 d9zge SIS Jalge 9 B b ol wush, a3z g Les (gunds 5>
e Wlg e B slaylid 5 ($59d98 90 (o938 Blge wiile Sy
A el g wigd o] LS5 L slge leslinul jo placgsgame 4
Wsdh o] rhe yoe 5 B b (g5 sla iy cilisee gla sy
dlge g (G paite j9pe da iSu o 1 (Omazic et al., 2019)
25E 5 o] oS5 Salogms o ,o oolitul 3,50 Blaie

s selys &l by IS 5 Shes 5 oo ,50

Gy Jolw  -V-Y

Gadyer Jobw (andyer S S Gidu (ppbel 9 ol

Gl & Aty Saldgeid gl jo3 slo by 0, es 9 )15 ol
Ao, VY B oo, VO 5l (sogu &0 Jolw odijln olge g Jolw
sk 51 goanio glocs,lid axddS sl Jsb 45 ol yiie
b ol oads (Byme )b 50 o 5 g elfitalojl 5o (sund jo>
Olyedr il il | g 0ml sleanie by s o Shos wiilsny
09 WlP e (k29SS Sl I n e 90 sl (Jle
WS 28y pleyes jsbar s g glr Sz 9o 5l 1, el e
2 ks 90 S (eSS sladky b amlie )5 ool Sinn
2 sty 30 sy 5 ey 00 b wlly oo cogiz 5 Jlod g
GFS S )ys> b 2o, 0 VY B il s e 058 5 (S8 S
AL (205l & e Wl oo St S8l (pl &5 S 28l s )
g a8 a amgi b andl ((F) JS2) 80,5 el Jdl coluw o
b Bl aiilg so (b9 39 Goudyo slody onl colo slaasjo

LBl 42y S5 saed e sladi Sl ke e V-

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv p.bo)‘sd JL.u U‘)J‘ d)JuMLg)j °)QA5C‘*“-¢SQ5‘*"’5)-"5"J'° AJ).M.;


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

G Sz (oM Phol ¢ Jed 5 (sage dezme oyt (B3l Luyo

Sloa¥ (sl il b sl ol 5 i 51 (oS ohass 5L o
‘Ml) )ld.)L) 9 uf.o.‘a.a )Lu.u J.:l; ‘5>)L> AJY w00l solawl L;)S)'“
s 5 S o e 5 (Ko il S0 saY 1y
Syl 18 et slysle andl dlex 3l aore Jolge (6,00 0 pudine

.(Omazic et al., 2019)

ﬁl&b ES :.9.; _i_f

ly ol atind izl @lge Gt ;0 & Bl gy )

iS5, b L g sl eass &l a5 Sl plSouial il
Ol el oals aislo jie Lo YIY s o leles b ol s
o0 e vga) Conl oYL &l Jlal g o gl sidgy asads
Cuoglie alox 5l (ilize sla Sy 5 (Sondyo> b St lp
Jiangetal., ) s,lo 1, oSl gle 5 Sl Ceaglin ety o plys o
Ol idigy cwl mize® (2015; Sharma & Chandel, 2013
g & 0T 35 s 5955 gl 2 JLé 53,5 St 3 s M5
A. Gholami et al., ) s)ls oSl slajlae jo Pzt 5 Jolos
gyl Jles! (2018; A. Gholami, Saboonchi, et al., 2017
258 Sl ab b g (Sigdnaiog> el bl (sl i il
A. Gholami,) 5,5 0 Oys0 bbb by (pl zhw

Alemrajabi, et al., 2017; A. Gholami, Eslami, Tajik, et al.,
(2019

S99 (gudh y95 sailolu jo i LY

Lulys Bre o Salilsgid sardyss sl & eyl

79,5 0 Eab g oo (aoe Ll pd ) oS ity e (laore
A. Gholami, Ameri, Zandi, & ) 5,135 jl bbbl (! 55,Slkee
Gavagsaz Ghoachani, 2021; A. Gholami, Ameri, Zandi,
=95 » 5l pesdle (Gavagsaz Ghoachani, & Gholami, 2023
Lol adlgige e slogild «Sollssts gardyps slady
259555 iy )5 (olasd 5 (55 o Selflaga 3 (ails Sl oo
gl gl jes 5 (o3l (a8 ol JUis 4 5 a5 4 e Salyd
Goedysr sy @l ssn a e o ol e Jilse
il andl Gl s sl WU (sles ol 103,5 oo Salilgy
Brito-Santos et al., ) cusl o895 yoe Jsb o )L, slras ;> 4
&gty 45 ol 5151 S oad aloxl S wily slo o, (2023

G355 Kbl sl oty ] el SOl o5 Lol
Jobo Gl colin 5 cliibee 5 (Supd il (Sl
Ao 31150 5 T il 53 setys (sloJshos 5l liibs 5 SsSLon
En S5l o5 (Sl lojlad (e slysle antl (Ll wash,
Czanderna) cusl S 55 aiile (65,50 o5 @l 3l g o o3 b 00,55
gl 0lge Jangi (g 55 s o cpl pls (& Pern, 1996
@z sty (e g codlad b (sl b Seiwdlge )
Sl b Sadly b Sdlygo 3 slagy; sonl (s e b at)
clidlre 5 ond oblins pSome (Sl Cunglio 3 Jle 5,9
g SOl S ole o et ((Jiang et al., 2015) wisd o
(V) Jgsz 50 a5 el (S8l g 659 (Sl obosls Loly>

sl 00 00ls uL.Ma

e guanesSSl olas . iogeo 1(V) Jgo

ESEEN] S S e
Bile Coblad W paeiS plSoiul |5 5 Cusb, W3l
Pl slls 05 3 bl S lils oSt LB
S Sl i S ol S B
. KR
M

ssbar e latid 5 63 Gys b el slopkd Moy,
0,5 les Y ;2 a5 wiylo (WY aw odes jsba) Y sz JLsls LS
@lord 5 (b Sleogaz 4 olgs (nl waspe ol 1) o>
Wgds 55 Leo b yraty sl jsle (il LU aslo 5Ls elgol g lauly
5 Fale Sair wib ol cilpunSl L old 3 a5 glay
fredions (B yne 53 (589 9wl il L SIL pbeerd 6,15500
(p5sn il Clse S sloay 5 it Gy ) 45) ayss 45
&b e (Oreski et al., 2021) wil b 0,5 - ,l,8
Wil ails oS G L) Of 6 p3udss il atils o9 solel
Hllsmann & Wallner, ) acil aiils os5 Cwglin g dinjp o5
(2017

Shilis glasgazme (oyme p jmr sloaY 1 Sy o a8 Ll |

2ol e o Shae wijls )13 5l slad o 9250 (sla
3,88 o JRIC PRV Fo B 2 el o5 e S o Ses
Paeted Jyere jobds atws b (535 50 4Y (Oreski et al., 2021)
w2 1) Cujsels S 5l 09 (Sl g (Sl olyS 5 o
oS o o s oo ailo SYES 5 LT L 5 Vaane Y ol S

7 backsheets

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv rvbo)‘sd JL.u U‘JJ‘ d)JuMLg)j oﬁsw‘sw.bjlp*‘solc AJ).M.;


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

JT g lacde 5 (55950 1S lilysid ooy sl T2l 55

Jelse plEiolosl e 5 5k lae S 0 4 wd e Glis At
A. Gholami, ) &35 o 36 by g9, plojer jsbay saste

Ameri, Zandi, & Gavagsaz Ghoachani, 2022; A. Gholami,
L5 aeseis 500! 5| (Ameri, Zandi, Ghoachani, et al., 2022

sl s il g Lol Lle S

ke (ol fobe oSl g b Yy (YL () Jsb

o o o Sloe BT aS wis oo ylis Slams ool Zud gl o0
WYY L 5 X)) s aiile SV g STl 4y bgs po (sl JSin [l 4
Elgl ogd o oty Plas b wdl o Bl iy g alrase al
Jeds il o (SWggigd Sla by 5o 0ad sanlie slacy 50
31k w23 &) by STy 5 CdpunSUl o 255 grmslinaS]
o adgs b\.:.ﬂ)é b 50 g 3ol oolainl s 4 o IS ]
adl oo 3las]

bS5 5,5 ol g (SoSls sl (So5u8 Jalge oopl pogdle
Wgd sl b iy el s ) J&5 5 Joo sl Job jo aiiles o

(Walwil et al., 2017) cewl ao,o Ve dg0m a5 o 55

o adipan bty o5 b oy] 5l gl Solilgsis sladilol o

Sl 55 50 Vb o 5 £ i e VL Cugb; 25U
Sl 5 39y Al 098 o0 oualine Cughy 4 la e g (59595
b biye slaca 55 g5 (ol 4 e 355 aailels (ol )0 5pS
ple (Goswami & Sadhu, 2021) 555 o 5,)l,> sl s
slody (2o n s Sl pedle 55 2l 5 Of laonsyy
Splilggtd sladky o35 €5 50 i 4 ke Sl oo Splilggtd

D¢

L) Folite (Sl la)l ol (i35 Lo S 3L (Jle jsboas
gl 4 S5 a5 eln b 5w (oo sbml Syt sla sy 5o
Sae o g 03Il Ay i Wl oo 1S 0 993 Slggs iy S
il ] Jo U slociand b cauilig olge 4 o 5,55 laails
sloaiss sl g anbe (8 Jom 4y poxie Wilg oo cayals slaoly i3
Sl and o slaiy ghaw b ojoS 50 5 098 obolren 4 (S
Czanderna & ) sgi o) & coml § Soldged sla o iole
.(Pern, 1996; Wang et al., 2013

(silsp s ol Lalpd 4 s o Lt end plodl slaagsy (o) 2

a5l Lo el & e sl by o oskel ahas
a5 3,5kt 390 53 05 e plis 55185 ol
b yp3 slaoly s o] 5 a5 Sl 5 O Gblie 3550 y0 Sl
yol> allis 1o oads plodil sl b3l Ho s cod &l Wloads Cual
w2 Sy ol sl @l b slaiag sse oo

g salys (Lol @ 810 55 e

e o by (bl sler g ol o (Omazic et al., 2019)
Ded oo 2y ge a5 Wil e dule 5 pd 5 Led A > (i
as ols plis by g9, (Huetal,, 2016) o )0 simgyy ases
SO>S 5 a bgya o o 25 0 ol o Sas Glse g O o

il CaolBes

Sl s blas g i oo ) ysS g Seow o s (S
opl 5o oo all sl imgh sl wls o] o (58,958 5 g

VEY Gl TY gl 0)leds ¥ojlad madjles Jlo olnl 30 St (59 00 9 keSS —(oode 4505


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

BN duzme o ooME Pl ¢ Jes 5 s0qn dazmo ooy B, Loy

:

Gy 95 b Ly e (595 (Sg ke 1 :(F) JSi

12 Formation of bubbles
13 Discoloration
14 Corrosion

OS5 AS 5 A Va4 e w5 (ol slacdl> )
((F) JS5) o5 ojlal T, s 5 Tole JSas ‘Hsﬁ-&sﬂ
4 bae gbols (Ko Gb 5l (Omazic et al, 2019)
Yay 5 ) o AF 50,05 5,50 an 0 e 0 ) Cidgun S

(Walwil et al., 2017) 5,5 aods o

S5y pis V=¥

Seeldsgd sla by )0 by 55 (nazs BB 1 (So ) s
555 8lo paris i Goyb Sl ol Blgige 8 sl 5Lk 5 s
s ;0 ) (o o3 Saldssid oy ) S92 g0 sloyerky (a
Feew J b ol Glaans o cadgs o an aslls V4A.
035m0 8 (gD )55 sladny ;o oad IS B Sl Ll
(B JK&) cusl loged b (69,5 4 o poudy S5, s

S lidggid (g j95 oy 50 Kb i :(B) S

8 Delamination
9 Cracking

10 Chalking

1 Burn

VFe¥ QL“...M)Y'\" G‘L”‘ D)Lo.wf O)Lo.:.r w.{bé)‘sé JL..A Q‘)"‘ d)"MLS)ﬁ oﬁjmwjf—@k 4.3‘}“.4


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

T 5 lacde (5550 1 Snlilagid (500805 sladsy iz o5

Cely a5 wgd oo Sbul vz Y P YL Gles o Sl oS
Ferrara & Philipp, 2012; Novoa et ) ssi o conz 4Y ials
(@al., 2014; Sanchez-Friera et al., 2011

723'

K gt g e ¥ Y (V) JSB

Sl Dot s s 4 Wlgioe iz (b Y &Y

el ias sljgle andl a5 ailes,S 5155 (Wang et al., 2013)
o eoah YO 9,0 5l e 35d o0 Grpgh desd o ey ol
oo b s 5 g iy SIS & Jiy sl 51 il o ]
Clodzr b sl des yarly IS WalS 1) G5 g 00, 35k
Bt Sl Wy cage Wlgee g dpdee dgaee
soee el a8 o)l 1) opl clbl 55 Ll 4 Salal
Wu et al, ) 0sd Cigun STl g alocd oy ,0 odiiwz slodien

(2014

ol g
poe el 5 Cool ad aYay @ 4l gunl ol S

digd ol Jslo g aded G @slr Caond 0 sl (See
(Mahdi et al., 2023)

s e bt |, Sllasms o 4o ol 6, SUSs (A) JSo
Sglis 5 A a5 Wedoe b sk S5 o LK Lol
lo,S B sl ol el Jshos o5 slos s 4y (Saies

2 Consh e slayeddy S8y a5 cl ol (Sad o) cle
N T PR UL S IR VP PP SR VS JWOIPR VJUL S gt I PP~ -1
b ood @loged b (Sod o5 el iy Iysle andl g Cugh,
Ly el ooy o5 (ol e (il andl (06 09 o
Slosisn St Gl S5 @5l gl Fee BV b
Ll g Jlb Gla ooty (0,5 ol3T 5 pardy (ol oyemi o (olard
slagiisly ol Jlisay o5 wesl loy55 5 oy slaiisly
@ly prnlp dibae (ol )0 5igh (651 ke Nigd oo el o 58
(Cristofoli, 2012) el 315 b yorly oaiVlgsS Wiy <SS

(S Cools S i Hsba Slgiee 58 Vb Ol az o

Sae ;0 Lod @y e 83 5t | S oky Slse 598 5 S
sl el 5 00t 5> 5 GSailSie sla i ool el olisS e
i s 1) b jerly e Sloogad ailyi oo oS 35800 (oably
e 36 Gt 03 sladshe & 6995 b » e 55 g5 0
5 chw sles (mlBl 4 e b Qb aslg e 5 W5 e

8555 Sl fasd

b ds 090 Gl s sl glalas (e oo, 0l
Sl 5 pebar Wad oo Gle5 S SNl A e g 0LS oo @S
Sleogas )3 i b Jyoro jsbas ) ot &5 Bl s
55 sl ol (ialS pogdle Wilgh oo 4 sl ol o SIS
S slml andyer by S losle Wz CajeelS o ) e
D)8 b g3l Sl @l &5 KO s Joo loce 55 5l (S
Slggigs st sl o5 oty 555 lo i 5l
a e wms e Li 093 0 Geile Sl el ) e g5 SO
ol el gl oo palls by il )0 plaelio) slalsi & )50
JS8) 95 00 dloul 0,5 5 ole B LY 3l oy Sgjlo il aS wiss o
(Mahdi et al., 2023) (¢%)

Ob aYay =YY
e 4o bsjle ST 50 S5 s a5 Sl ool svnline
3o L5:'> L\ M .]a.w‘s BL ..\a‘}:‘sn as QEMGA o‘)o.h UM AAyA._{y
IS e e ol aYaY (V) JSK8) wias sl g slbay

Al S oo Jaie po a1y s GlaaY oS plocis Soie

5 ;e a5 ol 4 e ol bl s 4 pad aYay

15 Semicrystalline Polymer

VFe¥ ul:..m)vv @L’J O)L.o..pf O)L.o..iv p}bo)‘sd JL.u U‘)Jl d)“‘““"‘“‘od)ﬁ oﬁjw‘s..&j))*‘solc 4.:)“..;


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

G5 duzme oM (Dol ¢ Jeo )5 sage dezms (g0 (S5l Loy

S el 4 ceal lapze o jolid Seuldgsid slaailels o
Jo S5 5l el (1) JKi el gy Sulidgeid slaaslols 5
Iy ad ;o Jo (59,55 (Vo) Ui ams oo lis 1) Ylail e o
sladshe Jlail (Ko jo 1) (59,95 (1)) JS8 5 sad e ylis

Do e Gl |y iy (53) o0 4 (g0 ye

S eBb Seil apal ol Glyie S8 St &5 pebolea

Lo a5 Siwlagnl slonlogd ol VY a4y jorie Wlgi oo udg 0un
& e 3 b 5 WeamaJlatl 5 baJsbe (53,55
09 JUES! G2alS (S sladisn 4525 (Jske (5o, Sl
St yo slaalels (ogas ;3 0980 505 Ol Sds 5 Joko &
oy Joe 5l ot bailbels ol a5 Lol 5l jslis Sllgend
S €8 Sk SIS g on 4 5 ki Ol B (2 pee o

ol gg5 cnl 5l LmoT

ool cwal Suldogid (gund o slady b bls)l jo izes
WS oo S W clle piee s a8 ol slajgd o
oud oaalie 523 baypoly St a2 5 ool 53 sl (95>
ol wal Suldged sla iy (Ferrara & Philipp, 2012) el
2 o)lyer 5 mlio (s Sl bl ol )55 (oo o
S50 )98l gur Sl 600059 5 i W5 I ools el 2500
b bt Sl (e 325 (halypd iz 53 )Mo 58 08 5 (930
5 s & I Fogll ol do iy il e 55 35290 (slo Fooll
BB mad b g ae Ol 3L dge 0 35290 Cugb, Lolen b
Wgh Saldysid oo sladky )3 VL (S99 4 e

oYlail az )0 gy sy (S9595 () S

g iz yalS (i jee GralS w5l i sl S aliEl de el
(Mahdi et wigd o Soldgsid Joy j0 audyss 558 SU3L Ll
al., 2023)

Saaldagd Ju 50 ole (M) J5o

Sogs -E-¥

g el as el glys slacdl I (S5 sy asan 055
@ e a5 Sl (Ggym Y (6 peudy 0nias Jlail plaw o 5 ases
Sgu g0 LQO] QL..»T Ol as )8 g a0 LalssS, o )li.;l
(Omazicetal., 2019)

Sy =0T
b 5l S @ Cagb Seai el ol sles 5 osbo e Lanee
los ;0 05 g0 (53,55 sl Ll 4 09 00 o 4 5 iy B
JBs Saldssd uy 5, Cusb, et Jsb 5o gt e Gl
JHIs a4 Cagh; 3585 carmme (YL slod 5, Jsb 50 g 5 99500
w0 5l g ol S e ) Ol a5 (i g Bk Sl U

VFe¥ QL:.....»A)Y‘V G‘L”' D)Lo.wf O)Lo.:.v w.{bé)bé JLA-H U‘)"‘ d)"MLs)ﬁ °)-€f55-°-:5¢,5--‘°5)-"g5°l° 4.3‘}“.4


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

JT g e ()9, Siplilygid s00i o5 sloy Tyl o 55

Pl ladn g w8 e b Ju o Sles g9y Wsdior o] 3)ly (2>,
(Lin etal., 2016) (\Y) JS& auas oo )13 5w 2l s (o520

D= iy
TR EE RS TR ke
L S pe— g —
| S (— —— Y
| =
- —::
T e oy T L
it ] oI . e st

Gy 95 Sy (595 S 9 (Sl (1Y) Ul

Gl pas g Jy zdaw p oo VT gozxs  -V-T

G!a.w » LQOMYT )iio 9 ulf..\a).: uyw a)Lf.é 9 o)f o]

S5 o il iy o )Shae py Daday (Soldgsid oo sla iy
A. Gholami, Ameri, Zandi, Gavagsaz Ghoachani, et al., )
a1 pogdle (golge puix Cawiis (2021; Rezvani et al., 2022
Fu 295 Obr p g Sebioe Jobe 4 0l ye3 b e, e
Al) Bgdioo 35 Jokw lod 0 o a4 e 0105 o LU
Gholami, Ameri, Zandi, Gavagsaz Ghoachani, et al., 2022;
A. Gholami, Ameri, Zandi, Gavagsaz Ghoachani,
Cogb, 84> ( Jl>pme 4o (Jafarzadegan Gerashi, et al., 2023
e aily g (ol il Wl o 2ls 5 ol slaall i 5 T )
oz Galidl el Vb coshy (L lsicay s (iol3dl 1 o lge oyl
g8 o0 b 4 oy T (Sains (I3l 5 g S haw jo JLe 908
Vool pac Slali 4 joie 0alds (lgie slocdl pogdle (69150 i
b eSS Sada | by jee Job a5 09b o0 5 Elo LA 590 L

v~ .

Jobw JUail )lgs 53 ol yes sy (59,95 :(1)) U

LS g (S 1T

L Gl sllid cage ) glasy g adnd (Sss

Pl ;0 oSt (nl gl oo ol 5 ey Sy (59, (Sl
ighige Sl oy cile 5 cam JED (5,5 hed b jaans
ez Y 58 (Sl 0 55 g g0l o 58 Sleds (e
Griffini & ) b iagh b 4 4z b .ows F, Sl co s (Sgym
sobdy (59,655 5 gg5 ol (Turri, 2016; Oliveira et al., 2018
Som saY b g fline Glayan 0 odes
4 by a5 Sbxl bS5 ol g oe samline oYL 5 LS L

16 Mismatch

VFe¥ QL:.H.A)Y‘V G‘L”‘ D)Lo.wf O)Lo.:.r w.{bé)bé JL..A Q‘)"‘ d)"MLS)ﬁ °)-QA5¢-°-:5‘5--‘°5)-'“5°J-° 4.3‘}“.4

10


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

BN duzme oM Pl ¢ Jes 5 sopn sz ooy (Bl Loy

Jdo u“-*-'L' clogo slass .o)'lo)..usn Soldggid gund o> J..J

ol Sgaze (golaidl g 8 sl 4>

Sy b Ky (595 €10 bLU (1Y) JSi

GCpSamas Lt

Okl 31 (S Ol Saldgend (sund o5 sla 5l ool
Comylame 5 655 & by sl Jo Glp s sla)lS6,
(lem g ol calise slolaze jo oo opl il sz enl bl
Gilises 1315 glo i g dame Cs Lyl co | aailols oy
i ) g Al ooy B9 jgp Sl Cunl (S o w83 o0 ] 3
ez SSLS 5,0l 5l sd gl ses Job b 5 (aoik wad als
e Gl gy 5 asllas o oad @) mlss bl 5 olby 59
OVl 4 gbhows g baslels ol 5l ags oolanul sly p3Y (s 4l
st Sl G S 53 (9o (6550 51 6)90 g CekeS gelaw
BLo ) 5 bty 5 ool )50 olgs &) Kis c56 om0 45 and
21 ol g ae bl e Jomo b

sleabls o oz dbie S 5 GBa, DY ead aas o 8
Sl el (B 1 sl Holids slaailals )3 o55ar Sealdggisd
Olgear 35750 slaailabes 5l g wis) oo (2 lie Cooms @ 58 O
Figgis etal., 2018; ) oS oo oolatw! 55 col il ¢ yolin! Joxo

(Liuetal., 2018

Els bl -A-Y

5 o) Sladky 5o o cdaline wge (n iz, 5l S Eb bl
Olis aiey cpl o ool plxl sloiagh (gw)p Sited jglid
Ol & Cond 650 Ol @by Jobe S ST A5 das e
Ll il 0,5 IS5 gl alas ol (Koo S a5 S sleit,
Jsl <l (Kim & Krein, 2013) sl ool &, oSl el g0 4o
sana slot o8 352 slo] calzdls 5, JLal 515 ol (S
bume )3 sdee Ojgon ol b e e lagiagh g Cl job L
5955 3538 JLl oz S5 o 8 s o 5l 2lS L]
lr @l e Gloway Elo abi g Sl (sandye> iy
wlo JJds 4 a5 (Bauer et al., 2009) ¢l souds 95 sloJslu
9L 905 gex g Cendi b g (B p SYpE3 (S 69y 2 S
sk sl iz o (Li et al., 2020) ans s ¢, o Sosli
el 1) S g0 8o (b daob I (oo b oad sundgy oS
Ll 5 e 4 e pll sloolo o] Jiser 5 ols aialys
ool eyl Jolo a5 00 oo el Ll (nl aigds oo VL 5L
wbles 4 wlgs oo sla Jokw cpl slos ol Jloows a5 548 wgSas
Golopoppe acinn loo 3l a5 awwy ol Kl axy0 YO+ 51 5L
(Dhimish et al., 2017) il 1,5 sl sla
o9l S9gar Jule aS e o Vb be by pl pgas o
ol oy 5 Bl ool o] crge Al oo gt o (g8
S5 ol pzed sl Lt sles Lialipl 5 L5k oS Lla )5
Sozge sla ek (els> )3 o 25 daJlail g Lo Asr 93 b g oo 50
«(Dimitrijev, n.d) Sulgexd Jo (S xSl olss 2alS S 50
Spasle (bl ez 5l RS elr @l (OF) JS2) wips
sl jloe 10N ol ooy plésl ogd co Jloe! bt (5 Ky
sl 235l 525 Gl s 555 sl sk L
Lulyd jo aespe SRl 1) ale )50 sk (55, ()l b 5 09903
sk 5 5 (635 5 |y oI5 50 5K ol s Bl el
Sl edidlns 4 cas e ool ath) 51 S0 laidn 4k onsale

17 Bypass Diodes

VFe¥ QLL.M)Y‘V ‘;L).) O)L.o...:f O)Lo..iv Mo)lso JLM: U‘f‘ d)“‘w“‘od)ﬁ oﬁs@&af*&c 4.‘:‘)“.:

11


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

T 5 lacde (5550 1 Snlilagid (500805 sladsy iz o5

WS oo SaS b o ol malS 4 sl jo oS wies &l Slse g
o Seenle Gl B ped pole gk 0 g)cn!
o2l orien logiegh lsie Ll 5 90 Lot e
BV 5 Suldssis gand o sla i @lp ool 5155 sla ol >
Gty Gl by sl abex iz sladazme 1o o 55 2 55
2 ol Ads 45wl i s gandyg sl e s e
4 eized (V) Jeao o el ool &1L OVE) SS9 (V) Jgo
wlasls 8 505 a0 )50 35 &S plaiagh (o kel ) (S

RGO PR o)l.(fal

b5 le J e g o
( e . Js ) S .
——_ R W <L 2
il
Jobe SRSl

v
- e
Jlailamz ol &

RN
—_— Do
= S
Sl ¥ )
e
U PRSICRYRERR
v
— Shals
5 At ¥ g (S us
anls _—
wiol i N
pinl A S ) s
. s bl
- ——> Shunts at the
= ——— scribe lines

i:’-lﬂ““-":‘}fs'uéf"))’.‘

.

i Jlasl el

— :
otebipel s

PID &b

ol @Il g w55 Jolgs :(VF) U

SSe e a8 wasee Gl eud el Glategn (o

Galye> Ju p @IS g e 0ad o)lil gy 55
Oy 05z g el bl Jlo,95 15095 s Coenl 5l Sulggd
gy S5 g (SuSd ey G iagh )0 0nd (B <58
59,5 audl (Aghaei et al., 2022) coa layl & by o S5, s
el b g 05,1850 5 (S plyeas 5 o1 51 oL BT g jLe
ool G yo3 YL el b (bl )0 oals (5,155 slo el )y
il 3algs ol padrds 055 L | (soanie deail g o o5gS T a5

i 55 il oM (Y) Jgar

(Cristofoli, 2012; Sharma & | hsbe axdl s Cusb, YU sles
Chandel, 2013) i

oz Y )3 g e o S

(Wang et al., 2013) _ .

9 (Dhere, 2005; Ferrara & Shmz 5B o3l g oY Y

Philipp, 2012; Novoa et al., g e sY slocus

2014; Sanchez-Friera et al. . . oM
’ T 0 sk des sloyecly sl
2011; Wu et al., 2014) e ’
il 8 axsl 3
RSN} JLA:\ c.]aw p\g)z)
(Omazic et al., 2019) SO
Sorm aY Sy

S dR Jl 4 cosh, S48
Polady iy Gy Gk
Joee 1l Cugb, b alaplSe
a3 a5 ealie Lol | &
Jlast Jlgi 5 Loty ad wo¥Las!
o2 & b sl

(Ferrara & Philipp, 2012)

S b ()l slalad
b yeond plie )0 by (59,

(OI|.ve.|rf'=1 et al‘,V2018) 9 5 s e JE 1S o S S
(Griffini & Turri, 2016) o ) i
5 (Linetal., 2016) w2 Al by el SF
2 Sl w5 g s
o oz Y
(A. Gholami et al., 2020; A.
Gholami, Ameri, Zandi,
Gavagsaz Ghoachani, et
al., 2022; A. Gholami R < c .
s ‘ N8 Lk g 08 pazs o
Eslami, Aryan, et al., 2019; 280k 5 08 o2 9o7 >
Kazem, Al-Waeli, Chaichan, oo a4 Bl pas g Gy 9,Le
Sopian, Gholami, et al., G,y oy a5 pas
2023)
5 (A. Gholami et al., 2018; w05 &
A. Gholami, Alemrajabi, et
al., 2017; A. Gholami,
Saboonchi, et al., 2017)
S LU slow)
(Bauer et al., 2009; 22 sSan bl ol
Dhimish et al., 2017 b S ale Jdoa b Jslo s Ll
Dimitrijev, n.d.; Kim & peSeSs e sla Sogll
Krein, 2013; Li et al., 2020)
o gl

ooliial oLy il sl aar oSl olge 5l asl 5 51
L35 3590 (9% 4 Wb 2lsr g ol alizes Lylyd yo lagl )18, g
laaiz g oly Ghals 5wl lag)T 5l esliiwl g0 ,.8 )18 Ll
epladl iz 5l S (J ol b oS E ) 0550 goladl
Lol slalaiil g Jad 5 Jy loadlye g 56 Glapunilils ol p3¥
o Ly ) o 45 el S5 9 S 15 o 5 ol calien Lyl 1o
lin lo gl 5 ot plol gloitales] b b elyan o3gms
Ol calizes Lyl s sl olse gllae oS 5 3550 50 oMbl wilgs oo

VFe¥ QLLM)Y‘V ‘;LAJ O)L.o..pf o)Lo..iv p:w)lse JL.u U‘f‘ d)..\md)j oﬁjw‘s..&j))*‘solc 4.:)“..;

12


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

G Sz (oM Phol ¢ Jed 5 (sage dezme oyt (B3l Luyo

212-218.
https://doi.org/10.1016/j.ijjadhadh.2016.03.008

Bauer, J., Wagner, J. M., Lotnyk, A., Blumtritt, H., Lim,
B., Schmidt, J., & Breitenstein, O. (2009). Hot spots in
multicrystalline  silicon solar cells: avalanche
breakdown due to etch pits. Physica Status Solidi
(RRL) — Rapid Research Letters, 3(2-3), 40-42.
https://doi.org/10.1002/PSSR.200802250

Brito-Santos, G., Gil-Hernandez, B., Hernandez-
Rodriguez, C., Gonzalez-Diaz, B., Guerrero-Lemus,
R., & Sanchiz, J. (2023). Degradation analysis of
highly UV-resistant down-shifting layers for silicon-
based PV module applications. Materials Science and
Engineering: B, 288, 116207.
https://doi.org/10.1016/j.mseb.2022.116207

Chaichan, M. T., Kazem, H. A., Alnaser, N. W., Gholami,
A., Al-Waeli, A. H. A. A., & Alnaser, W. E. (2021).
Assessment Cooling of Photovoltaic Modules Using
Underground Water. Arab Gulf Journal of Scientific
Research, 39(2), 151-169.
https://doi.org/10.51758/agjsr-02-2021-0016

Cristofoli, K. (2012). Prepara¢do e caracteriza¢do de
filmes de PEBD aditivados com fotoestabilizantes para
a prote¢do de espumantes rose.

Czanderna, A. W., & Pern, F. J. (1996). Encapsulation of
PV modules using ethylene vinyl acetate copolymer as
a pottant: A critical review. Solar Energy Materials
and Solar Cells, 43(2), 101-181.
https://doi.org/10.1016/0927-0248(95)00150-6

Dhere, N. G. (2005). Reliability of PV modules and
balance-of-system components. Conference Record of
the Thirty-First IEEE Photovoltaic Specialists
Conference, 2005., 1570-1576.
https://doi.org/10.1109/PVSC.2005.1488445

Dhimish, M., Holmes, V., Mehrdadi, B., Dales, M.,
Chong, B., & Zhang, L. (2017). Seven indicators
variations for multiple PV array configurations under
partial shading and faulty PV conditions. Renewable
Energy, 113, 438-460.
https://doi.org/10.1016/J.RENENE.2017.06.014

Dimitrijev, S. (n.d.). Understanding semiconductor
devices. (No Title).

Energy Transition Outlook 2021 | DNV. (n.d.).

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

Ferrara, C., & Philipp, D. (2012). Why Do PV Modules
Fail? Energy Procedia, 15, 379-387.
https://doi.org/10.1016/j.egypro.2012.02.046

Figgis, B., Nouviaire, A., Wubulikasimu, Y., Javed, W.,

&=y

Aghaei, M., Fairbrother, A., Gok, A., Ahmad, S., Kazim,
S., Lobato, K., Oreski, G., Reinders, A., Schmitz, J.,
Theelen, M., Yilmaz, P., & Kettle, J. (2022). Review
of degradation and failure phenomena in photovoltaic
modules. Renewable and Sustainable Energy Reviews,
159, 112160.
https://doi.org/10.1016/j.rser.2022.112160

Akrami, E., Gholami, A., Ameri, M., & Zandi, M. (2018).
Integrated an innovative energy system assessment by
assisting solar energy for day and night time power
generation:  Exergetic and  Exergo-economic
investigation. Energy Conversion and Management,
175, 21-32.
https://doi.org/10.1016/j.enconman.2018.08.075

Akrami, E., Khazaee, I., & Gholami, A. (2018).
Comprehensive analysis of a multi-generation energy
system by using an energy-exergy methodology for hot
water, cooling, power and hydrogen production.
Applied Thermal Engineering, 129, 995-1001.
https://doi.org/10.1016/j.applthermaleng.2017.10.095

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), 780—
798. https://doi.org/10.1093/ce/zkab048

Aryanfar, A., Gholami, A., Pourgholi, M., Shahroozi, S.,
Zandi, M., & Khosravi, A. (2020). Multi-criteria
photovoltaic potential assessment using fuzzy logic in
decision-making: A case study of Iran. Sustainable
Energy Technologies and Assessments, 42(April),
100877. https://doi.org/10.1016/j.seta.2020.100877

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

Aryanfar, A., Gholami, A., Pourgholi, M., Zandi, M., &
Khosravi, A. (2021a). A Type-2 Fuzzy-based Multi-
criteria Decision-making Method for Sustainable
Development of Wind Power Plants in Iran. Renewable
Energy Research and Application, 2(2), 147-155.
https://doi.org/10.22044/rera.2021.10909.1058

Aryanfar, A., Gholami, A., Pourgholi, M., Zandi, M., &
Khosravi, A. (2021b). Using Type-2 Fuzzy In
Decision-Making For Wind Potential Assessment In
Iran. 7th Iran Wind Energy Conference (IWEC2021),
1-5.
https://doi.org/10.1109/IWEC52400.2021.9467020

Badiee, A., Ashcroft, I. A., & Wildman, R. D. (2016). The
thermo-mechanical degradation of ethylene vinyl
acetate used as a solar panel adhesive and encapsulant.
International Journal of Adhesion and Adhesives, 68,

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv p.bo)‘sd JL.u U‘)J‘ d)JuMLg)j °)QA5C‘*“-¢SQ5‘*"’5)-"5"J'° AJ).M.;

13


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

LT g lacde (5550 1 Salidggd (gandjo5 sloky gl 56

Potential Assessment and Dust Impacts on
Photovoltaic Systems in Iran: Review Paper. IEEE
Journal  of  Photovoltaics, 10(3), 824-837.
https://doi.org/10.1109/JPHOTOV.2020.2978851

Gholami, A., Ameri, M., Zandi, M., Ghoachani, R. G.,
Pierfederici, S., & Kazem, H. A. (2022). Step-By-Step
Guide to Model Photovoltaic Panels: An Up-To-Date
Comparative Review Study. [EEE Journal of
Photovoltaics, 12(4), 915-928.
https://doi.org/10.1109/JPHOTOV.2022.3169525

Gholami, A., Eslami, S., Aryan, T., Ameri, M., Gavagsaz-
Ghoachani, R., & Zandi, M. (2019). A Review of the
Effect of Dust on the Performance of Photovoltaic
Panels. Iranian Electric Industry Journal of Quality
and Productivity, 8(15), 93—102. http://ieijqp.ir/article-
1-587-fa.html

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, A., Khazaee, 1., Eslami, S., Zandi, M., &
Akrami, E. (2018). Experimental investigation of dust
deposition  effects on  photo-voltaic  output
performance. Solar  Energy, 159, 346-352.
https://doi.org/10.1016/j.solener.2017.11.010

Gholami, A., Saboonchi, A., & Alemrajabi, A. A. (2017).
Experimental study of factors affecting dust
accumulation and their effects on the transmission
coefficient of glass for solar applications. Renewable
Energy, 112, 466-473.
https://doi.org/10.1016/j.renene.2017.05.050

Gholami, A., Tajik, A., Eslami, S., & Zandi, M. (2019).
Feasibility Study of Renewable Energy Generation
Opportunities for a Dairy Farm. Journal of Renewable
Energy and Environment, 6(2), 8-14.
https://doi.org/10.30501/jree.2019.95943

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.

Goswami, A., & Sadhu, P. K. (2021). Degradation analysis
and the impacts on feasibility study of floating solar
photovoltaic systems. Sustainable Energy, Grids and
Networks, 26, 100425.
https://doi.org/10.1016/j.segan.2020.100425

Griffini, G., & Turri, S. (2016). Polymeric materials for
long-term durability of photovoltaic systems. Journal
of Applied Polymer Science, 133(11), n/a-n/a.
https://doi.org/10.1002/app.43080

Hu, H., Wang, W. M., Fu, O., Bradley, A., Felder, T.,
Gambogi, W., & Trout, T. J. (2016). Typical
photovoltaic backsheet failure mode analysis under
different climates in China. Proc. Singapore Nat. Eye
Centre, 1-20.

Hiilsmann, P., & Wallner, G. M. (2017). Permeation of

Guo, B., Ait-Mokhtar, A., Belarbi, R., Ahzi, S.,
Rémond, Y., & Ennaoui, A. (2018). Investigation of
factors affecting condensation on soiled PV modules.
Solar Energy, 159(January), 488-500.
https://doi.org/10.1016/j.solener.2017.10.089
Gholami, A., Alemrajabi, A. A., & Saboonchi, A. (2017).
Experimental study of self-cleaning property of
titanium dioxide and nanospray coatings in solar
applications.  Solar  Energy, 157, 559-565.
https://doi.org/10.1016/j.solener.2017.08.075
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(2), 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. Energy 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.,
Eslami, S., & Pierfederici, S. (2020). Photovoltaic

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv p.bo)‘sd JL.u U‘)J‘ d)JuMLg)j °)QA5C‘*“-¢SQ5‘*"’5)-"5"J'° AJ).M.;

14


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

G Sz (oM Phol ¢ Jed 5 (sage dezme oyt (B3l Luyo

957-967. https://doi.org/10.1002/pip.3039

Loépez-Escalante, M. C., Caballero, L. J., Martin, F.,
Gabas, M., Cuevas, A., & Ramos-Barrado, J. R.
(2016). Polyolefin as PID-resistant encapsulant
material in PV modules. Solar Energy Materials and
Solar Cells, 144, 691-699.
https://doi.org/10.1016/j.s0lmat.2015.10.009

Mahdi, H. Al, Leahy, P. G., Alghoul, M., & Motrrison, A.
P. (2023). A Review of Photovoltaic Failure and
Degradation Mechanisms.
https://doi.org/10.20944/PREPRINTS202311.0761.V
1

Mahmood, F. ibne, & TamizhMani, G. (2023). Impact of
different backsheets and encapsulant types on potential
induced degradation (PID) of silicon PV modules.
Solar Energy, 252, 20-28.
https://doi.org/10.1016/j.solener.2023.01.047

Makrides, G., Zinsser, B., Norton, M., Georghiou, G. E.,
Schubert, M., & Werner, J. H. (2010). Potential of
photovoltaic systems in countries with high solar
irradiation. Renewable and Sustainable Energy
Reviews, 14(2), 754-762.
https://doi.org/10.1016/j.rser.2009.07.021

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

Ndiaye, A., Charki, A., Kobi, A., Kébé, C. M. F., Ndiaye,
P. A., & Sambou, V. (2013). Degradations of silicon
photovoltaic modules: A literature review. Solar
Energy, 96, 140-151.
https://doi.org/10.1016/j.solener.2013.07.005

Noorollahi, Y., Khatibi, A., & Eslami, S. (2021).
Replacing natural gas with solar and wind energy to
supply the thermal demand of buildings in Iran: A
simulation approach. Sustainable Energy Technologies
and Assessments, 44, 101047.
https://doi.org/10.1016/j.seta.2021.101047

Noorollahi, Y., Vahidrad, N., Eslami, S., & Naseer, M. N.
(2021). Modeling of Transition from Natural Gas to
Hybrid Renewable Energy Heating system.
International Journal of Sustainable Energy Planning
and Management, 32, 61-78.
https://doi.org/https://doi.org/10.5278/ijsepm.6576

Novoa, F. D., Miller, D. C., & Dauskardt, R. H. (2014).
Environmental mechanisms of debonding in
photovoltaic backsheets. Solar Energy Materials and
Solar Cells, 120(PART A), 87-93.
https://doi.org/10.1016/j.s0lmat.2013.08.020

Oliveira, M. C. C. de, Diniz Cardoso, A. S. A., Viana, M.
M., & Lins, V. de F. C. (2018). The causes and effects
of degradation of encapsulant ethylene vinyl acetate
copolymer (EVA) in crystalline silicon photovoltaic
modules: A review. Renewable and Sustainable
Energy Reviews, 81, 2299-2317.
https://doi.org/10.1016/j.rser.2017.06.039

Omazic, A., Oreski, G., Halwachs, M., Eder, G. C. C,,

water vapour through polyethylene terephthalate
(PET) films for back-sheets of photovoltaic modules.
Polymer Testing, 58, 153-158.
https://doi.org/10.1016/j.polymertesting.2016.11.028

Jiang, S., Wang, K., Zhang, H., Ding, Y., & Yu, Q. (2015).
Encapsulation of PV Modules Using Ethylene Vinyl
Acetate Copolymer as  the  Encapsulant.
Macromolecular Reaction Engineering, 9(5), 522—
529. https://doi.org/10.1002/mren.201400065

Jordan, D. C., & Kurtz, S. R. (2013). Photovoltaic
Degradation Rates-an Analytical Review. Progress in
Photovoltaics: Research and Applications, 21(1), 12—
29. https://doi.org/10.1002/pip.1182

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

Kim, K. A., & Krein, P. T. (2013). Photovoltaic hot spot
analysis for cells with various reverse-bias
characteristics  through electrical and thermal
simulation. 2013 IEEE 14th Workshop on Control and
Modeling for Power Electronics, COMPEL 2013.
https://doi.org/10.1109/COMPEL.2013.6626399

Li, Q., Zhu, L., Sun, Y., Lu, L., & Yang, Y. (2020).
Performance prediction of Building Integrated
Photovoltaics under no-shading, shading and masking
conditions using a multi-physics model. Energy, 213,
118795.
https://doi.org/10.1016/J. ENERGY.2020.118795

Lin, C.-C., Krommenhoek, P. J., Watson, S. S., & Gu, X.
(2016). Depth profiling of degradation of multilayer
photovoltaic backsheets after accelerated laboratory
weathering: Cross-sectional Raman imaging. Solar
Energy Materials and Solar Cells, 144, 289-299.
https://doi.org/10.1016/j.solmat.2015.09.021

Liu, H., Krishna, V., Lun Leung, J., Reindl, T., & Zhao, L.
(2018). Field experience and performance analysis of
floating PV technologies in the tropics. Progress in
Photovoltaics: Research and Applications, 26(12),

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv p.bo)‘sd JL.u U‘)J‘ d)JuMLg)j °)QA5C‘*“-¢SQ5‘*"’5)-"5"J'° AJ).M.;

15


https://ieijqp.ir/article-1-955-en.html

[ Downloaded from ieijgp.ir on 2026-01-29 |

LT g lacde (5550 1 Salidggd (gandjo5 sloky gl 56

Schneller, E. J., Brooker, R. P., Shiradkar, N. S., Rodgers,
M. P., Dhere, N. G., Davis, K. O., Seigneur, H. P.,
Mohajeri, N., Wohlgemuth, J., Scardera, G., Rudack,
A. C., & Schoenfeld, W. V. (2016). Manufacturing
metrology for c-Si module reliability and durability
Part III: Module manufacturing. Renewable and
Sustainable  Energy  Reviews, 59, 992-1016.
https://doi.org/10.1016/j.rser.2015.12.215

Sharma, V., & Chandel, S. S. (2013). Performance and
degradation analysis for long term reliability of solar
photovoltaic systems: A review. Renewable and
Sustainable  Energy  Reviews, 27, 753-767.
https://doi.org/10.1016/j.rser.2013.07.046

Tang, J., Ju, C., Lv, R, Zeng, X., Chen, J., Fu, D., Jaubert,
J. N., & Xu, T. (2017). The Performance of Double
Glass Photovoltaic Modules under Composite Test
Conditions.  Energy  Procedia, 130, 87-93.
https://doi.org/10.1016/J. EGYPRO.2017.09.400

Varga, J., & Ehrenstein, G. W. (1997). High-temperature
hedritic crystallization of the p-modification of
isotactic polypropylene. Colloid & Polymer Science,
275(6), 511-519.
https://doi.org/10.1007/s003960050113

Walwil, H. M., Mukhaimer, A., Al-Sulaiman, F. A., &
Said, S. A. M. (2017). Comparative studies of
encapsulation and glass surface modification impacts
on PV performance in a desert climate. Solar Energy,
142, 288-298.
https://doi.org/10.1016/j.solener.2016.12.020

Wang, E., Yang, H. E., Yen, J,, Chi, S., & Wang, C.
(2013). Failure Modes Evaluation of PV Module via
Materials Degradation Approach. Energy Procedia,
33, 256-264.
https://doi.org/10.1016/j.egypro.2013.05.066

Wu, D., Zhu, J., Betts, T. R., & Gottschalg, R. (2014).
Degradation of interfacial adhesion strength within
photovoltaic ~ mini-modules  during  damp-heat
exposure. Progress in Photovoltaics: Research and
Applications, 22(7), 796-809.
https://doi.org/10.1002/pip.2460

Yaichi, M., Tayebi, A., Boutadara, A., Bekraoui, A., &
Mammeri, A. (2023). Monitoring of PV systems
installed in an extremely hostile climate in southern
Algeria:  Performance evaluation extended to
degradation assessment of various PV panel of single-
crystalline technologies. Energy Conversion and
Management, 279, 1167717.
https://doi.org/10.1016/j.enconman.2023.116777

Hirschl, C., Neumaier, L., Pinter, G., & Erceg, M.
(2019). Relation between degradation of polymeric
components in crystalline silicon PV module and
climatic conditions: A literature review. Solar Energy
Materials and Solar Cells, 192(December 2018), 123—
133. https://doi.org/10.1016/j.s0lmat.2018.12.027
Oreski, G., Eder, G. C., Voronko, Y., Omazic, A.,
Neumaier, L., Miihleisen, W., Ujvari, G., Ebner, R., &
Edler, M. (2021). Performance of PV modules using
co-extruded backsheets based on polypropylene. Solar
Energy Materials and Solar Cells, 223, 110976.
https://doi.org/10.1016/j.solmat.2021.110976
Ottersbock, B., Oreski, G., & Pinter, G. (2017).
Comparison of different microclimate effects on the
aging behavior of encapsulation materials used in
photovoltaic modules. Polymer Degradation and
Stability, 138, 182-191.
https://doi.org/10.1016/j.polymdegradstab.2017.03.01
0
Pasandideh, A., Nezakati Rezapour, F., Gholami, M., &
Gholami, A. (2022). Analysis of the Discourse of
Renewable Electricity Generation in Iran. Global
Media Journal-Persian Edition, 16(1), 101-122.
https://doi.org/10.22059/gmj.2022.344488.1262
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.,
Phattanasak, M., & Zandi, M. (2022). A review of the
factors affecting the utilization of solar photovoltaic
panels. 2022 Research, Invention, and Innovation
Congress: Innovative FElectricals and Electronics
(RI2C), 62-69.
https://doi.org/10.1109/R12C56397.2022.9910278
Rezvani, M., Gholami, A., Gavagsaz-Ghoachani, R., &
Zandi, M. (2023). A Review on The Effect of Dust
Properties on Photovoltaic Solar Panels’ Performance.
Journal of Renewable and New Energy, 10(1), 198—
211. https://doi.org/10.52547/jrenew.10.1.198
Sanchez-Friera, P., Piliougine, M., Pelaez, J., Carretero, J.,
& Sidrach de Cardona, M. (2011). Analysis of
degradation mechanisms of crystalline silicon PV
modules after 12 years of operation in Southern
Europe. Progress in Photovoltaics: Research and
Applications, 19(6), 658—-666.
https://doi.org/10.1002/pip.1083

VFe¥ uL-MuO)v\H CS’L"J O)Lo.»:f O)L.o.-iv p.bo)‘sd JL.u U‘)J‘ d)JuMLg)j °)QA5C‘*“-¢SQ5‘*"’5)-"5"J'° AJ).M.;

16


https://ieijqp.ir/article-1-955-en.html
http://www.tcpdf.org

