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2D Two-dimensional

AAA PA/PA/PA backsheet

AATR Acetic acid transmission rate

ACA Anisotropic Conductive adhesive

Ag Silver

AlI-BSF Aluminum back surface field

APA PA/aluminum/PET/PA backsheet

AR Anti-reflective

ARC Anti-reflective coating

AS Antisoiling

a-Si:H Amorphous hydrogenated silicon
ASTM American Society for Testing and Materials
aTc Accelerated thermal cycling

BAPV Building applied photovoltaics

BB Busbar

BIPV Building integrated photovoltaic module
BNPI Bifacial nameplate irradiance

BOM Bill of Materials

BOS Balance of System

BPR Bypass diode thermal runaway

BPT Bypass diode temperature

BSI Bifacial stress irradiance

CAPEX Capital expenditure

C-AST Combined and Accelerated Stress Testing
CdTe Cadmium-telluride

CIGS Copper indium gallium selenide

CPC Coating/PET/coating backsheet

CPO Co-extruded polypropylene backsheet
CPR Construction products regulation

c-Si Crystalline silicon
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DH
DIC
DMA
DML
DSC
ECA
EL

EN
ETFE
EU
EVA
FDIS
FEVE
FF
FWC
GB
GG
HF
IBC
ICA
IEA
IEC
IEC CO
IEC SMB
IEC TC
IEC TR
IR

ITO
JPL
KPE
KPK
LC
LED
LCOE

Damp heat

Digital image correlation
Dynamical mechanical analysis
Dynamic Mechanical Load test
Differential scanning calorimetry
Electrically conductive adhesive
Electroluminescence

European standard

Ethylene tetrafluoroethylene
European union

Ethylene-vinyl acetate

Final draft international standard
Fluoroethylene vinyl ether

Fill factor

Foil wire assembly

Glass backsheet

Glass-glass

Humidity-freeze test
Interdigitated back contact
Isotropic conductive adhesive
International energy agency
International energy commission

IEC central office

(us

IEC standardization management board

IEC technical committee

IEC technical report

Infrared

Indium tin oxide

Jet Propulsion Laboratory
PVDF/PET/polyolefin backsheet
PVDF/PET/PVDF backsheet
Longitudinal crack

Light emitting diode

Levelized cost of electricity
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LDPE Low-density polyethylene

LeTID I&ié;tr;nand elevated temperature induced degra-
LID Light induced degradation

MBB Multi busbar

mDH Modified damp heat

MENA Middle East and North Africa

ML Mechanical lad test

MMC Metal matrix composite

u-PCD Microwave detected photo conductance decay
MQT Module quality test

MST Module safety test

MWCNT Multi-walled carbon nanotube

NIR Near infrared

nZEB Nearly zero energy building

PA Polyamide

PC Polycarbonate

PDMS Polydimethylsiloxane

PE Polyethylene

PEF Product environmental footprint

PERC Passivated emitter and rear solar cell

PERT Passivated emitter rear totally diffused solar cell
PET Polyethylene terephthalate

PID Potential induced degradation

PO Polyolefin

POE Polyolefin elastomer

PP Polypropylene

PPE PET/PET/Polyolefin backsheet

PV Photovoltaic

PVB Polyvinyl butyral

PVDF Polyvinyl difluoride

PVF Polyvinyl fluoride

PVQAT International PV Quality Assurance Task Force
QSSPC Quasi-steady-state photoconductance



[ |
fy
Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Designing New Materials for Photovolatics “
TTae

RACK Resistance across cleaves and cracks

R&D Research and development

RH Relative humidity

SAM Scanning acoustic microscopy

SC Squared crack

SGS Solar grade silicon

SHJ Silicon heterojunction cells

SLP Service life prediction

SN Cycling stress (S) against the cycles to failure
(N)

SQTW Solar quantum efficiency weighted transmission

SWCT™ Smartwire Connection Technology

TC Thermal cycling

TCO Transparent conductive oxide

TPE PVF/PET/polyolefin backsheet

TPO Thermoplastic polyolefin

TPT PVF/PET/PVF backsheet

TPX PVF/PET backsheet

uv Ultraviolet

VAc Vinyl acetate content

WVTR Water vapor transmission rate

XML Extensible markup language

YI Yellowness index
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SX|xf= PID &l Z20o| MCH11, 12]. POE 2 TPO &= AHEO| CtA H|$HE 0| 7| UHZ 0 o4 XK
Zno| SXiH2 ZhFEEX] =Lt A-oE 2751, O|§2 EVA E UHE &= Ue 0j<
FYD AXYOICE Ot SX|f| 2|0l 25t XpMTt LH&2 4 FOAM CHE Z0|C

o O2:-ME O R2 £3T7| EMEWVTR)S LIEILHEZ HZ0f DIZs stah Ax|ol
B30 Xt AFEEICH13]. 0|2:0{= EVA 2Lt PID O B F st HAMo| Tt X240l
EX|B Q2(9F M EHOIO| FAELS Wi

e PVB(Poly Vinyl butyral)= 43t A% 1 2 RAH0| @75 80 F2 AMEE=
7ty +=X|0|E= BIPV Moz AEEICH15 16]. PVB A2
2 OIS &2 2R B4 |ofstChs 20| CH17),

o HE|E(Z% A HIEZ Al ol2z A2[d0| OfL R==S}Ct. 2pAHO|
A E|AX|B =& 7t 1t of s HxH= 27|17+ @iTH18, 19].

Encapsulant
film
[ |
Chemical Physical
crosslinking crosslinking
1
Covalent Hydrogen . .
bonds bonds lonic bonds Crystallites
| r | |
EVA PDMS POE PVB lonomers TPO

a3 2: LNl SXIxfet 1 F2 £

HHZ o2t SXIA= uv EH, uv SH, Lhet WXIH (A7 2HE[Z A7), ZtnA WA
TR 22 HtHZ §OE._|EH1O] 2, @8 B SXAIL M2 CHE =82 Htes
ZHT B EE 2 E0] MAE UL HE SXME EHYE ZAZEEH HAES EootY| ?/st H/tE2S
Zefotn Qe B, oW SXME BT Z S07te =2 HX HUV)2| EHSE =AES
SCHESHZ| 918 A2l AFEHcut-off) THEO| O ®2 UV-§HE 7t UL

Ef 2 =0 AFEEl= SXIAHS LNl £82 & 10f Lot ALE

18



Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Designing New Materials for Photovolatics “

b
=
02
okl
H:
OHI

X|xel EM [11, 12, 15, 20-24].

iy o | z
s 2| S i 3 o =
S 2 x 3 - 7| 9 =
A o ol 2 Hl x 7| g
Y| 2 ° E o t % 5
3 H S g
°C °C Q*cm g*m2*day’  MPa -
EVA Elastomer -40 ~ 34 140~160 10™ 34 <68 1.49
POE Elastomer -50 ~ -40 140~160 10°~10'6 3.30 <30 1.49
PDMS Elastomer < -100 80 (vacuum  10™~10" 130~200 <10 1.38~1.58
process)
PVB Thermoplastic -12 ~ +20  140~160 10'0~101"2 40.05 <1 1.48
lonomer Thermoplastic -40 ~ -50  140~160 106 0.19 <300 149
TPO Thermoplastic -60 ~ -40 140~160 1014~10'8 2.85 <32 1.48

elastomer

23 M1t 4 4AZ

Si-lojm 7|8t 7|&0] 2l e FLStD rCt 2019 @ MA EfYZDE MAto| of
95 %S Z28E M| 20| MRS}, LIHX| 5 %= 28 2=0|CH25].

M ZFX| FQ g9t 7|2 Cadmium Telleride(CdTe), H|H & A 2|2 (a-Si), CulnGaSe,(CIGS)7t A2 H,

=(a
O] & CdTe 7|2 TH AlE2l & 4 %S HwotL RUCHRS5). 22 £3| BIPV 0F0M ALE LM
=93] a-Si E{YTR|= A7, AA St €2 2HE NSO =2 AFEEICH26). =2t8fel &3

o

Sl ET |

e He el B 4% A8, £ 89 UTY RUH 2E T Jtsd £ F2 ZHN
ZHOICE OBt 8972 o-Si 78 7|20 B3| 250 RCh d2[d AMER= 2X7F 7tE

-Si
90| AL B2 UMA T = BUTHR26, 27].

Of EuMe Si-lojH 7|gt 7|&0f] XS T e, Ol 7t 2| 25 & 7[£0|Ck PERC
EfLFTX| = AI-BSF EHETIX|Of H|s§ ZE0| =0t A|FOIM WEAH S22 LERHD QUCtH PERC
AMEol Fa FELERE THO MZAY Al MOl HiAbg &3t S0| UCH 2017 & ITRPV
ZEWo| E2H PERCO| Al HRE2 2 20 %U2Lt 2020 A 0| 0= 50 % O|40| & ZHo=z
Of &5t RUATH28].

AYHMEIR BYHRIE T2 T72(Cu) S S(AQOE TE HI| HEA 34 2|2 EE 940[0fS
Sof AZECL 023 3% FHUHE SH BC(UUHOR Snbb EH EE Pbfree A) EE
Zaio) 7|2 Aot OO|AZ0[E AH US| Ag BAIE ESts HY| HEA MANECAE S

—_
©



Task 13 Performance, Operation and Reliability of Photovoltaic Systems — Designing New Materials for Photovolatics

«s’*‘&x

Ao R2AEY 27Es MEEE SFSCH29). 220 0f% 7] A= Smart wire[30, 31], HE|
Qt0]0f[32, 33] 7|&2 &2 2 2t0[0(X|E 200~300 um)E AtEStE ©tH, A28 M5 A4,
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3 M22 aXiet 2& 7122 57|, 0| A 7|2

3.1 LCOE Zra: A7t AL X 85 &Y

A =4 8@ 3¢ HYFRE 7142 7t14-8d SdEts SO0 B3 80 %0 Ol2=
&&E(learning rate)2 EOIF0 SX Q2 SIEISIQICt 5, EfAE 25O MAH2H0| F HiZ 5 W{OCH
Yo TOi 7HH0] 20 %M BOIFLE O|qet U2 J|& ST OfL| 2 AT &8 B30 SfsiM =
O|RO{MELI1]. 22 BHM= 7t4 otefel =2 AESH T StLAULCL F, I Z =20 ofL 2 #F
Hel gof 2= 74 REFD Aol YAMEZ0| IA HHEJCE AT M7 &1 1pstol
YH2 7t ot 2 FeS DAL offo M= ol2fst ALKl HIE BZES dF5t=0 HEE
H 7HK| HEFS A0SR} S

3.1.1 17} A% AR EZul nH|

AR E 7142 R37| fIot §2LA Q| St 7t ATl AHE EZ L& WAO|CH M2
Ef YT X = c-Si EfLE R =2 71 HIA 220|0, H2|Z YOo|m7t & JtAol Hutg XHX|SHCH2].
EfAT X2l F7H= 2000 HCOH Z=8t 300 uym O[O0l A 2020 HOfl= 180 um 2 S SRALCE Y O|
7|1&0f et &% 10 HZH FHIE 140~160 um 2 G 205 U2 Z O A EICH2).

S o-Sio 7|8 EfYEEE0 AMEEeE 229 Y2 5 EA M=o Fut Mol HAH HAEZ
ZUo 2N 2007 HEE 2016 AZX| 400 mg 0| A 130 mg S 2 ZASHALCE M= AAR LHOJA
ME =32 2T517| flofl 23t 29 A &2 +=H 20| Ao HHIO=ZE F0f 2028 A0f|l&= 2 65
mg O & A_E OFECE 2Ly, 22 ALESIX| Y= HYTX| &HFT &FHM2E9 N =
2= 10 F LHO 2 AT BRES Xl X2 A2 E o4 EICH43]

A2 E s HH FE2| FHE 3.2 mm OO0 2~3 mm 2 A E|UACH2].

B HAIE 7|2 X|H 20 F = A HIUCE 2000 HO) ZREHO| ALREl HA[EQ| 85 % O] &2
ZZ|0|AHZE IO Z1f PVF E NS0T LR/E B2 7T 0|2} "HIE2{(Tedlar)"(TPT) HA|E7}
AHEE|QUCH44]. 1 O] 2 NZEAS2 HlmA HM pvF EES & O ¥ PVDF 2 =2 PET, PA
e PE OIS0 22 247 2le 718 1EXE ASHe gz 20| UCH45).
2010 HOf| PP PE, PA R} 22 &8 E2|HE 7|BC R ot SYE WAIE FHO| A0 ZA|ZACH40,
45].

3.1.2 M= 3Ho| 7153t

A|ZtO] BfO| ZE|e EfYTTE 20|H0|M ZZ M AL 7hE3te 2UH7E 7|aTfeol = XFO|
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