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Send them in via the Q&A tab. (3 We aim to
answer as many as we can today!

You can also let us know of any tech problems
there.

We'll let you know by email where to find it
and the slide deck, so you can re-watch it at
your convenience. §§) @



Trinasolar

-
P

R the Ne)fa. of solar energy

o o, et

M
"’i‘Hﬁ?fumnmylmmmuuuuu'uum |

—




Catalog

Trina solar I-TOPCon technology roadmap
“Golden ssize” Vertex N - I-TOPCon module series
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Trina Solar i-TOPCon technology development roadmap

Wafer size 210mmx210mm+ 18BB
Average mass production cell efficiency 24.5%

°
°

® |nnovative Hydrogen passivation ® (ell efficiency 25.15% (ISFH certificate)
® 500 MW TOPCon Pilot Line

technology, The cell efficiency is 0.2% better
than that of the productin the same period

® Wafersize 158.75mmx158.75 mm
® Mass production efficiency 23.5%
® 500 MW production line

In 2015, Base on Trina Solar's State In 2019, the first TOPCon Cell
Key Laboratory of Photovoltaic World Record in China, 24.58%
Science and Technology(PVST) ,i- (ISFH certification)

TOPNCon Lab was established.

® Selective emitter, backside micro-structure reflector
high doping and low composite TOPCon structure. Cell

efficiency: 26.2%
® \Wafersize: 210,210R

® Mass production efficiency 25.5%

Vertex S*
® Full-scale mass production, Production Capacity r '
. 40GW+ n

TH

THmmDH'ifiz

Vertex N Vertex N

CasoWlzen  cosWiaw  GosW2aw

I-TOPC

on ADVANCED

Cell efficiency record

® ?25.25% (2022/2, ISFH certificate)
® 25.42%(2022/3, ISFH certificate)

® 25.5%(2022/3, China National
Metrology Institute certificate)

® i-TOPCon + Full frontal passivation contact
cell technology : Efficiency >27%

® i-TOPCon + tandem cell Technology: Cell
Efficiency >30%




Trinasolar 5

I-TOPCon advanced Technology @ 779 4%

i . The industry-leading innovative rectangle cell 1 Large area.boron doped by laser,
selective emitter technology

(Efficiency increase by 0.2-0.3%)

Front Ag contact

G12R Gle2
(210R) (210)

A
v

p+ emitter
n-type Cz Si wafer

___— Tunnel SiO,

S — w 1_‘_<’
/ Rear Ag contacts
iv High doping and low composite TOPCon
iii Backside micro-structure reflector structure.(Adopt PECVD route, doped density up to

(Inner back reflectivity increased by 25%) 6x1020cm-3, 2-3times higherthan normal LPCVD)
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Trinasolar 5

Ver tex N i-ToPCon advanced high efficiency module product
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G12 48pcs G12 66pcs 66pcs
Ml NEGOR .28 NEGl9RC.20 NEG21C.20
2IP_'E.OOW U6P(505W O0W
Industry average level
(o ()@ |

Trina solar N-iTOPCon Vertex high efficiency series solar modules ,fit for all kinds of application scenarios.



Vertex N

i-TOPCon plus

210(40) 420w 182(54) 425w Vertex S+ asow
5 i 42pcs (3+14) 42pcs(3*14)
L 17.64kwW 17.85kW
i 18.9kw
LU ol Example project, electricity generation in 25 years
@ ol 21040 420w 17.64kW
UMD gy +1.19%
. 48pcs o
reddot design award i I 182(54) 425w
g g | ( 17.85kW
M +5.88%
Vertex S* 450w 118.9kW
Module Area 1.998 m? 1.940 m* 1.953 m?
: : 210R-48 one-third cut cell ! 210-40 one-third cut cell : 182 half cut cell :
flodaededo : 1.6+1.6 dual glass : 1.6+1.6 dual glass i backsheet :
1 v Ao S ttemsnfriuyast ottt oot s 2
Cell technology : i-TOPCon advanced i-TOPCon plus : 182 TOPCon
Module Power 450W (+5.9%) 420W (-1.2%) ; 425W (BL)
Container space utilization 97% 95% 95.7%
Total power/ container 936PCS = 421200 (+5.9%) 936PCS = 393,120W 936PCS = 397,800 W (BL)



Ver tex N i-TOPCon advanced- Vertex S+ roof solar module ~ Tinasoar 5

210R -48pcs Golden size :Ultimate small size format design .

1.6mm Glass
""""""""""""" Vertex - FVA/POE
1.762x1.134m Cell
FVA/POE
=1.998 IT]Z < 2 rn2 1.6mm Glass

Aging Factors in Nature

2IK@@6.3bs) |< 23Kg (51ibs)

Alkaline © Acidic € High Temperature. High Humidity uv

Erode High Resist
Back sheet . S ‘j . Glass

210R-48 DCS EVA EVA/POE

Up to 450W = T

Back sheet Module Dual-glass Module

Extremely safe, distributor, installer friendly, easy to handle and install



Vertex N i-ToPCon advanced- 210R Utility & C&I module Tinasor 2D

Il ﬂ 77 29 pieces/string . 52.6 kW/Tracker, 1P Tracker Length: ~ 101.0 m
i Voc Lower 3.6V, accommodate 2 more pieces , Power+13%/per Tracker

27 pieces./string,46.6 kW/Tracker,1P Tracker length: ~34.2m

Module Size(mm) : 2384x1134x30 (golden size) : 2278x1134x30 |

. 210RX66 half cut 182x72 half cut

Module design : ; !

i Dual glass i BIVEING|ESS g

Cell technology : i-TOPCon advanced : 182 TOPCon :
Module Power output 605W (+5.2%) 575w (BL)
Container space utilization 98.5% 94.5%
Total power/ container 435,600(+5.2%) 414,000



Vertex N
210R -66pcs Golden size:2384*1134mm,

210R module package size (palletincluded)

1125mm

1259mm

Container door heig
2580mm
>1259mm*2

2396mm

Module power Pieces per pallet Pallets per container

I-TOPCon advanced- 210R Utility & C&Il module

Maximize the use of container space

Container door width
2350mm

>1125mm*2

40HC container

The length, width and height of the container have
space to be loaded and unloaded normally

Container inner length
12000mm > 2396mm*5

Container space utilization Power total per container

182-N 575W 36 20

94.5% 414000W BL

210R-N 605W 36 20

98.5% 435,600W +21,600W (+52%)

10



Ver tex N i-TOPCon advanced- 210 Utility module

i-TOPCon plus iI-TOPCon advanced

A:V\' lrl' [
Il
i \"Hl‘

wl:“ “ ‘ I
T T
1

LI
. | } | } |ﬁJ;(tﬁ C.2
Product Name Vertex N (2023) Vertex N (2022) 182-78pcs N
Module Size(mm) 2384x1303x33 (golden size) 2384x1303x33 2465x1134x30
Module design 23120556 Ijalf cut cell 210—56 hf;\lf cut glass 182 hallflcgt W[ESS
ifacial dual glass 2+2 bifacial dual glass Bificial
Cell technology i-TOPCon advanced i-TOPCon plus 182 TOPCon
Module Efficiency 700W (+12.9%) 680W (+10.6%) 620w (BL)
Container space utilization 97.6% 97.6% 81.4%

Total power/ container 594PCS = 415,800(+16.4%) 594PCS = 403920(+13.1%) 576PCS = 357,120(BL)






Vertex N

I-TOPCon advanced 210R:BOS,LCOE assessment

Project Information

Scenario
Location

AC capacity
Type of inverter
Mounting

Type of module

Ground-mounted
Dubai, UAE

4 MW (standard single array)
Central inverter

NX Horizon 1P tracker
Bifacial module

PV System Configuration ( Standard single array)

Vertex N

Reference 182-N

Module power 605W 575W
Module size (mm) 2384x1134x30 2278x1134%30
LEEs Open circuit voltage ZASIAY
Short circuit current 15.83A 1431 A
, Installation NX Horizon 1P tracker
Mounting :
Pitch E-W 6.91m E-W 6.60m
Inverter type MVPS 4000
Inverter Inverter power (AC) 4000 kw
Inverter number 1 1
Module/string B{0)
String power 18,150W (+13%)
Tracker configuration 1V90 Portrait
String/tracker S 3
Layout :
String number 279
Tracker units 93 105
Module number 8370 8820
GCR (%) 34.50% 34.50%
DC capacity (kW) 5063.85 60715
Capacity AC capacity (kW) 4000 4000
DC/ACratio 1.266 1.268




Ver tex N i-TOPCon advanced 210R:BOS,LCOE assessment

Torgue Tube (kg) 1231.28 1150.18
Normal pile (kq) 720.99 640.70
Motor pile (kg) 99.60 95.32
Purlin (kg) 406.69 380.16
Slew driver seat (kg) 52.58 48.83
Tube connector (kg) 33.38 33.38
Strgacffre Purlin hoop (kq) 64.40 60.20
Bearing pedestal (kq) 11.40 10.64
Bearing seat (kq) 50.00 50.00
Limit baffle (kg) 4.00 4.00
Control box holder (kg) 2.88 2.88
Bearing ($/W) 0.002 0.002
Sub-total price (/W) 0.0728 0.0759
Motor Sub-total price (S/W) 0.0084 0.0095
Control box ($/W) 0.0028 0.0032
Communication E(a)g?en;u(gi/c\/a\]/gion i e e
& Control e 0.0045 0.0051
Sub-total price ($/W) 0.0080 0.0090
Total price (S/W) 0.0893 0.0946

Including installation cost $/W 0.1027 0.1087




Ver tex N i-TOPCon advanced 210R:BOS,LCOE assessment

Combiner box (unit) 18(16in1) 18(18in1)
TS4 connector (pair) 558 630
PV cable (m) 43367 47028
LV cable (m) 1706 1812
Cable trench (m) 646 696
® NEGIORC20 m182N-575W
105%
100% 100% 100% 100%
100%

94%

95%

93%

92%

90% 89%

85%

80%
TS4 connector PV cahle LV cable Cabhle trench



Vertex N i-TOPCon advanced 210R:BOS,LCOE assessment ~ Tinasoar 2%
Unit: USD/Wp BREAKDOWN OF BOS* SAVING

0.198 0.1970
Module installation 0.0116 0.0122 0.1% -0.0006 |

0.194 -0.0016

. 0.192

Solar inverter 0.0439 0.0439

0.190 0.1885

! -0.0060 T .0.0002 .

Combiner box 0.0039 0.0039 213 o

iy l Unit: USD/kWh
TS4 connector 0.0003 0.0003 0.182

0.180
PV cable 0.0097 0.0105 182N-575W Module Electrical 1P Module Vertex 605W

installation system Tracker transportation
LV cable 0.0103 0.0109
LCOE savin
Cable trench 0.0023 0.0025 CO 22 gS
, 1.2%
Electrical system 0.0704 0.0720
1P Tracker 0.1027 0.1087
Module transportation 0.0039 0.0041
Total BOS* 0.1885 0.1970
NEG19RC.20 182N-575W

BOS saving -0.0085 ENIE

The result shows that the Vertex NEG19RC.20-605W module performs better,
*includes only the components which make difference with different modules, with a Saving of 0.85Sctin CAPEX and 1.2% in LCOE than 182N-575W.
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I-TOPCon advanced reliability

)

Moduie Reliability
% < f
Mechanical Ir||:)teelsil\l;2:§d Electric
Reliability Solution Reliability
State Key Laboratory of

PV Science and Technology Optimal Product DESign

Trinasolar All Stages Product Quality Assurance System



i-TOPCon advanced reliability Trinasolar 2

# _
RETC @ s | PVEL
TC600 DH200+ [ TC600
Power up to 70 Power up to 700W__ = LI -
Efficiency up tq DH2000 Efficiency up t¢ 22.5% +UV6.5 Efficiency|24.4% DH2000
SML+DML+
SML+DML+ PID -192h
TC50+HF30 [ESOHIFI
| I LeTID
G12 NEG21C.20 G12 NEG21C.20 R EC:l%)RC..ZO VISS
— | PID192 | DH2000
Il -

—




Sugian .

Xining (Si material)

Yancheng

Changzhou

Thailand

&Vietnam ' Yiwu

Huaian

~ i-TOPCon 40GW

2023 Si ingot capacity
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RETC §

Reliability Analysis of Trina Solar’s N-
type Modules

Cherif Kedir | July 13, 2023

RETCW‘E © 2005 AETA WL.C | v retceacom /A N\ 7\~ &~ ~ ~ | ALLRIGHTS RESERVED 1



Presented by Cherif Kedir

President & CEO

Cherif is a solar industry veteran of
17+ years with experience extending
from product development, product

engineering, yield enhancement,
performance enhancement, test site
development, reliability and
f durability testing, bankability, to

/ 7 certification testing. He also has an

/ / extensive 15-year background in

Semiconductors, specifically with

product engineering, testing, and
failure analysis.

cherif@retc-ca.com

FIETC%E © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 2



4
Laboratory 30381 / I

P IEC CBTL 7 UL DAP
A2LA ISO / IEC 17025 Accreditation (Certifying Body Test Laboratory) % (Data Acceptance Program)
4 SN 79997 )
V7 / 7,058 /
4 /7 ) " CALIFORNIA SOLAR +

STORAGE ASSOGIATION

VDE Qualified Test Laboratory \ CALSSA Membership

Intertek RTL
(Recognized Test Laboratory)

LC | www.retc-cacom ¥y  ALL RIGHTS RESERVED | 3
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WHY USE THE
THRESHER TEST?
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How is it performed?

HETC%? © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 5



The Thresher Test

A series of tests designed to put
PV modules through a rigorous
durability vetting protocol:

e Provide detailed info on
long-term safety and power
output

e |dentify modules with truly
differentiated long-term
reliability and performance
advantages

F'IETC%.E © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 6



PAN File with AOI/IAM

Hail Durability Test
(HD’

Ultraviolet Exposure
(uv)

Light & Elevated
Temperature-Induced
Degradation (LeTID)

CEC Certification

RETC ¢
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BUDT
- Light Soak Stabilization (LID) - 60kwH

65 kWh/m*

TC 50 + HF 10

Post-Tests:
EL VL IV, Wet Insukstion

Back UVA
65 kwh/m®

Post Tests:

Wet Insulation

TC 50 + HF 10

Post-Tests:

EL VI, IV, Wat insulation

Back UVA
6.5 kwh/m?*

Post-Tests:
EL, VI, ¥, Wt Insulation

TC 50 + HF 10

Back UVA
6.5 kWh/m?*

Post-Tests:
EL, VI, IV, Wet Insulation

Pre-Tests

Control 1\ Electroluminescence, Visual
Inspection,

IV Test, Wet insulation

i 2o m

Post Tests: T Post-Tests:
EL, W, IV, Wet insulation u VI, IV, Wet insulation EL VI, IV, Wet Insulation

i m

Post-Tests:
EL, VL, IV, Wet nsulation

Dynamic Mechanical Load

Post-Tests:
EL VI, IV, Wet insulation

Thermal Cycling 200

Post-Tests: Post-Tests:
EL VI, IV, Wet Insulation EL, VI, IV, Wet Insulation

Humidity Freeze 10

Post Tests:
EL, VLIV, Wet insulation

Humidity Freeze 10

Post Tests:
EL, VL, IV, Wet insulation

Humidity Freeze 10

Post Tests:
EL, VL IV, Wet insulation

© 2023 RETC, LLC | www.retc-ca.com

y

Post Tests:
EL VI, IV

LeTID Detection (162 hrs)

LeTID Detection (162 hrs)

Post Tests:
EL VLIV

PID 96 hrs
LeTID Detection (162 hrs) (nsvc/as\nm e lzc 62804

PID 96 hrs
(85C/8S%RH)

v

Post-Tests Post-Tests
EL, VL, IV, Wet insulation EL WL, IV, Wet Insulation

PID 96 hrs
(85°C/85%RH) per IEC 62804
(s 0 <) Max V.,

Post-T
£,V IV, Wet insuation Diode
unctionality Test

Lttt |

KEY:

I

I

!l s

I
R

I

I

I

OPTIONAL TEST

G T e o o o Em o o E D D O O O EE EE EE D e e o .

ALL RIGHTS RESERVED |



PV MODULE INDEX
OVERVIEW & RESULTS



About the PVMI

PV Module Index .‘

. o1 i F!ETC%Y.
PV MODULE
INDEX REPORT

The PVMI is a yearly compilation of
reliability, performance, and quality
indices generated by RETC with leading
PV module manufacturers.

e Creating a report that is free and
accessible to all

e Providing specific, data-backed findings

e Reporting noteworthy performance and
trends

e Objectively highlighting PV
manufacturers’ accomplishments and
showing who is best at manufacturing
product in the industry

F'IETC%.E © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 9



PVMI Differentiation

2023

PERFORMANCE

FIETE*?

RETC ¢

2023

RELIABILITY

FlETCw&

Reliability
Indicators

Highest
Achievers

Performance
Indicators

e Validated bill of materials manufactured
under supervision

e Quality Audit and process assessment

e Comprehensive reliability testing

e Comprehensive Performance Testing

e PVMI High Achievers must demonstrate

best in class ranking in all categories

Quality
Indicators

2023

HIGH ACHIEVER

2023

QUALITY

RETC Y RETC §

© 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 10



o
INASOIar in the RETC PVMI

vertex N Vertex _ RETC ¥

PRODUCT: TSM-NEG

BIFACIAL DUAL GLASS MODULE PRODUCT RANGE: 670-695W PRODUCT: TSM-DEGI9RC 20
BIFACIAL DUAL GLASS MONOCRYSTALLINE MODULE PRODUCT RANGE: 560-580W
695w 0~+5W 22.4%
) 580w O~+5W 21.5%
MAXIMUM POWER OUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY *
MAXIMUM POWER OUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY

High customer value

« Lower LCOE (levelized cost of energy), reduced BOS (balance of
system) cost, shorter payback time

« Guaranteed first year and annual degradation

High cust Il
el — 2023

System) cost, shorter payback time
+ Lower irst year and annual degradation

string p ag
High power up to 635W components QUALITY
«Upto22. y « Higher return on investment
technology § High power up to 5BOW RETCY
* Multl-busbar technology for better light lower series « Up 021,50 moduule efficiency with high density interconnect
resistance andimproved current collection Lechaoiony
\ High reliability Multi- technology for better lower serigs

4D oM d resistance and improved current collection

g
technology High reliability

« Ensured PID resistance through cell process and module material + Minimized micro-cracks with innovative non-destructive cutting

control technology

« Resistant to harsh environments such assalt. ammonia, sand, high ial INDEy
temperature and high humidity areas cantrol

negative load
High energy yield

+ Resistant to harsh environments such & salt. ammenia, sand, high
temperature and high humidity areas
i Pa positi 400Pa

&

negative load

@Ui High energy yield B PERFORMANCE

. bifaciality
validated by 3rd party

« Extremely low 1% first year degradation and 0.4% annual
power attenuation

performance, validated by 3rd party centifications

The under
inter-row shading conditions

+ Lower temperature cosfficient (-0.34%) and aperating temperature
+ Up to 25% adsitional power gain from back side depending n albeda

inter-row shading conditions
* Lower tempe (0. pe
~Upto3

Trina Solar’s Vertex Bifacial Dual Glass Performance Warranty

Trina Solar's Vertex Bifacial Dual Glass Performance Warranty

H

2023

C ertificates

Comprehensive Products and System Certificates

@9 Imuis

e ———
e — T"naSOl ar
15034001 Enenmatavansgamants e

oisoes

s Gt Emason: vermeatin

1i'inasolar RELIABILITY

tiont Hoseh e Sty ManagementSystam

F!ETIE“i

© 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 11



Thresher Test Results - TSM-NEG21C.20

Vertex N

BIFACIAL DUAL GLASS MODULE

695w

MAXIMUM POWER OUTPUT

PRODUCT: TsM-NEG21C.20
PRODUCT RANGE: 670-695W

22.4%

MAXIMUM EFFICIENCY

O~+5W

POSITIVE POWER TOLERANCE

; ’;)) High customer value
, &

*Lowerl energy), reduced BO!
system) cost, shorter payback time
* Guaranteed first year and annual degradation

g High power up to 695W

*Upto22.
technology
« Multi-busbar technology for better light trapping effect, lower series
resistance andimproved current collection

High reliability

technalogy

control
« Resistant to harsh environments such as salt, ammonia, sand, high

temperature and high humidity areas

negative load
&]ﬁﬁ High energy yield

validated by 3rd party
. 19 first year
power attenuation

inter-row shading conditions

s Vertex Bifacial Dual Glass Performance Warranty

C cts

System
e n—
1503002 Quatty Marsgamant ystem
15014001 Envesementat Managemant Systsn
CC O L g SO CoomavaCurta e
R T i ———

Trinasolar

FIETl;_A.W%.

680

670

660

650

640

630

685

675

665

655

645

635

Potential Induced Degradation Sequence

2.00%

0.00%

-2.00%

-4.00%

-6.00%

-8.00%

PID96

Precon PID192 UVSoak

Average % degradation after UVsoak: -0.56%

Thermal Cycle Sequence
2.00%

0.00%
-2.00%
-4.00%

-6.00%

-8.00%
Precon TC200 TC400 TC600

Average % degradation after TC600: -2.28%
© 2023 RETC, LLC | www.retc-ca.com

690

680

670

660

650

640

680

670

660

650

640

630

Precon

Precon

Damp Heat Sequence

1.00%
0.00%
-1.00%
-2.00%

-3.00%

-4.00%
DH1000 DH2000 BO-LID

Average % degradation after BO-LID: -0.91%

SDML Sequence
2%

0%

-2%

4%

-6%

-8%
SML DML TC50 HF10 HF20

Average % degradation after HF30: -1.02%
ALL RIGHTS RESERVED |12

HF30



Thresher Test Results - TSM-NEG21C.20

Vertex N

BIFACIAL DUAL GLASS MODULE

695w O~+5W

MAXIMUM POWER OUTPUT POSITIVE POWER TOLERANCE

ie
£9

S

[« System
@O e

ce € I o

HETl;_A.%?

PRODUCT: TsM-NEG21C.20
PRODUCT RANGE: 670-695W

22.4%

MAXIMUM EFFICIENCY

High customer value

*LowerL ‘energy), reduced of
system) cost, shorter payback time

* Guaranteed first year and annual degradation

High power up to 695W
*Upto22. i
technology

« Multi-busbar technology for better light trapping effect, lower series
resistance andimproved current collection

] Highreliability

technalogy

control
Resistant alt, ammonia, sand, high
temperature and high humidity areas

negative load
High energy yield

validated by 3rd party

19 first year
power attenuation
inter-row shading conditions
*Lower .
*Upto

Trina Solar's Vertex Bifacial Dual Glass Performance Warranty

Trinasolar

1S045001: Dccupationss Hasieh and Safaty Management Systam

690

680

670

660

650

TO

LID Performance

LID1

1.00%

0.00%

-1.00%

-2.00%

-3.00%
LID2

Average % degradation after post-LID2: -0.31%

© 2023 RETC, LLC | www.retc-ca.com

ALL RIGHTS RESERVED |13



Thresher Test Results - TSM-565DEGI9RC.20

v PID Sequence DH Sequence
ertex 580 2% 580 1%

PRODUCT: TSM-DECI9RC 20

BIFACIAL DUAL GLASS MONOCRYSTALLINE MODULE PRODUCT RANGE: s50-580W 570

0% 570 0%
- 560 -2% 560 -1%
580w 0~+5W 21.5%
MAXIMUMPOWER OUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY 550 4% 550 20
ST Highcustomer value
52, s Lawer LCOE (Levelized Cost OF Enargy), reduced BOS (Balance of 540 -6% 540 -3%
System) cost, shorter payback time
« Lower first year and annual degradation
+ Designed for compatitility with existing mainstream system 530 -8% 530 -4%
oo et ivestmant
g High power up to 580W 520 -10% 520 -5%
fency with lgh censiy recon oal
edicas; P PID96 PID192 UV Soak Precon ~ DH1000  DH2000 BOLID
+ Mult-busbar technclogy for betterlight trapping effect. lower series
:::::;::::m“‘”“““’“9‘"““ Average % degradation after PID+UV Soak: -0.68% Average % degradation after BOLID: -1.28%
. -cracks with -0 ictive cutting
technology
. process and
comol TC Sequence
:::s.s:r::a::u:r‘\ :‘n:::‘?dn"\;r;z:massa\(. ammenia, sand, high SDML Seq uence
-F‘hp::ghamml uEr'Dr?’nanmupmiﬂDﬂPawswllnluad and 2400 Pa 580 l% 580 10/
negative load 0)
(ﬂﬂi :-!ignenergyyield 570 0%
e vy Yy ottt 570 0%
\.rE:mv:mamrgmndmuns : e 560 -1% 560 1%
* Lower coefficient (-0. i -17
+Up to 25% additional pawer gain from back side depending on albeda 550 2%
Solar's Vertex Bifacial Dual Glass Performance Warranty 550 _2%
I 540 3%
540 -3%
530 -4%
530 -4%
Comprehensive Products and System Certificates 520 -5% 50 S0t
L ° -5%
8 1505001 Qs araganant Sy Precon TC200 TC400 TC600
e Trinasolar Precon SML DML TC50 HF10 HF20 HF30

oot ——
Average % degradation after HF30: -2.95%
Average % degradation after TC600: -0.66%

FIETCW%. © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 14



Thresher Test Results - TSM-565DEGI9RC.20

Vertex

PRODUCT: TSM-DEG19R( 20

BIFACIAL DUAL GLASS MONOCRYSTALLINE MODULE PRODUCT RANGE: 5505800
580w 0~+5wW 21.5%
MAXIMUM POWER OUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY

;) Higheustomer value

52 » Lower LCOE (Levelized Cost OF Ensrgy). reduced BOS (Balance of
System) cost. shorter payback time
*Lawer first year and annual degradation
« Designed for compatibility with existing mainstream system
components
« Higher return oninvestment

g High power up ta S80W
sUpt2l {fency with high density i

technology
» Multi-busbar technalogy for better light trapping effect, lower series
resistance and improved current collectian

;’f High reliability

St ictive cutting
technology
* Ensured PID resi: process and
control
. 125 satt, ammenia, sand, high

temperature and high humidity areas
+ Mechanical performance up to 5400 Pa positive laad and 2400 Pa
negative load

@Dﬂ High energy yield

validated by
+ The uni i
inter-row shading conditions
. Ny .
+ Up to 25% additional power gain from back side depending an albedo

Trina Solar's Vertex Bifacial Dual Glass Performance Warranty

Comprehensive Products and System Certificates

IECE121SIECEL T30AECE1 MOLIECSZT1E [ ]
08 e rinasolar
Smu—— |
e
0§ e BEISTaEIIR

HETl;_A.%?

580

570

560

PMAX (W)
(03]
a1
o

540

530

520

T0

LID Performance

- 5 [

LID1

1%

0%

-1%

-2%

%DEGRADATION

-3%

-4%

-5%
LID2

Average % degradation after LID1: -0.40%; after LID2: -0.61%

© 2023 RETC, LLC | www.retc-ca.com

ALL RIGHTS RESERVED |15



2023

HIGH ACHIEVER

HETI.:W?

Trinasolar

FIETE‘V?

Trina is a 2023 Overall High Achiever

2023
HIGH ACHIEVEMENT IN QUALITY

QUALITY

RETC }

2023 HIGH ACHIEVEMENT IN PERFORMANCE

PERFORMANCE

RETC Y

2023 HIGH ACHIEVEMENT IN RELIABILITY

RELIABILITY

HETCNX

© 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED | 16



FOR MORE INFO

www.retc-ca.com . info@retc-ca.com

>

FIETCW".E © 2023 RETC, LLC | www.retc-ca.com ALL RIGHTS RESERVED [ 17
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Performance
Advantages of
Topcon PV modules

Jason You
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0 Introduction of IEC 61853 series of standards

e Key control points of PAN file testing

e Performance advantages of TOPCon modules
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1

Introduction of IEC 61853
series of standards




Scope and object

Photovoltaic (PV) modules are typically rated at STC (25 °C cell temperature, 1 000 W-m=2irradiance, and air
mass (AM) 1.5 global (G) spectrum). However, the PV modules in the field operate over a range of temperatures,
irradiance, and spectra. The object of IEC 61853 is to accurately predict the energy production of the modules
under various field conditions.

IEC 61853-1

IEC 61853-2

Photovoltaic (PV) module performance testing and energy
rating — Part 1: Irradiance and temperature performance
measurements and power rating

Photovoltaic (PV) module performance testing and energy
rating - Part 2: Spectral responsivity, incidence angle and
module operating temperature measurements

Edition 1.0

Edition 1.0

2011

2016

IEC 61853-3

IEC 61853-4

@ Solutions

Photovoltaic (PV) module performance testing and energy
rating - Part 3: Energy rating of PV modules

Photovoltaic (PV) module performance testing and energy
rating - Part 4: Standard reference climatic profiles

Edition 1.0

Edition 1.0

2018

2018

PAN file



IEC 61853-1

Photovoltaic (PV) module performance testing and energy rating — Part 1: Edition 1.0 2011
Irradiance and temperature performance measurements and power rating
Irradiance Spectrum Module temperature
W-m—2 15 °C 25 °C 50 °C 75 °C
1100 AM1.5 NA
1000 AM1,5
800 AM1,5
600 AM1,5
400 AM1,5 NA
200 AM1.5 NA NA
100 AM1,5 NA NA

@ Solutions




IEC 61853-2

Photovoltaic (PV) module performance testing and energy rating - Part 2: Edition 1.0 2016
Spectral responsivity, incidence angle and module operating temperature
measurements

Follow the procedure in IEC 60904-8, using the short circuit condition,

Spectral responsivity

measurement 25°C device temperature and an appropriate bias light.

©(6) = Isc(6)(cos (6) I5(0)) s
Measurement of 1 exp —05(0) 3
incidence angle effects a0 = @ of
1-exp— o
dy 0 T R U S U R
L] 10 20 llcu&?ufnngu[-f“ 70 80 90
Determination
of operating Iy=Tamp = G/ (ug +uq ) NMOT

temperature

@ Solutions



PAN file

The PAN file is created using PVsyst, with the PV module’s
basic information, nominal STC parameters, measurement

data of different irradiance and different temperature,

Temperature coefficient, IAM, etc.

@ UL D Solutions

g:

PVsyst V7.3.2

1134 2 2,380 nf

UL-CCIC Company Limited (China)

PV module - TSM-600NEG19RC.20
Trina Solar Commercial data
TSM-BOONEG19RC. 20 hailability

600 Wp

or

10.3 V

T
Cata berm. = 25°C

PV module: Trina Solar, TSM-600NEG19RC 20

Incidert Irad = 1000 Wi

Incidont Irac = 803 Wi

Indent Imad. = 603 Wi

Incsdant Imsc. = 403 Wi

Inciclort Irtac. = 200 Wi




2.

Key control points of
PAN file testing




Test equipment for PAN file in UL

@ Solutions

High-precision test simulator, meets the A+ standard.

Independent ambient temperature control system,
controls the ambient temperature at 25 within £ 0.5 °C.

Multi-point temperature measurement of components,
real-time monitoring of uniformity. The temperature
uniformity of the module is controlled within 2°C.

IAM testing supports full-size samples, and high-
precision angle measurement equipment can reach
0.01°.




Key control points

The following control points are considered for the accuracy of the test results:

@ Solutions

Factors that affect the accuracy of device measurement, such as voltage, current, power.

The accuracy of irradiance, such as spectra, uniformity, stability, etc.

Influence factors of WPVS calibration measurement, spectral matching, etc.
Coplanar deviation of the measured sample and WPVS.

Factors that affect the accuracy of sample temperature measurement.

The inhomogeneity of sample temperature.

The temperature differences between the inside cell and substrate of the sample.
Test repeatability by different person.

Influencing factors of angle measurement (for IAM).

10



3.

Performance advantages
of TOPCon modules




Performance advantages of test results

Temperature
coefficients of
Pmax [%/°C]

Efficiency of
Low irradiance

-0.331

TSM-DEG19RC.20
(PERC)

0.986

TSM-DEG19RC.20
(PERC)

-0.300

TSM-NEG19RC.20
(TOPCon)

0.992

TSM-NEG19RC.20
(TOPCon)

-0.303
-0.349
TSM-DEG21C.20 TSM-NEG21C.20
(PERC) (TOPCon)
0.990
0.985

TSM-DEG21C.20 TSM-NEG21C.20
(PERC) (TOPCon)

12



Performance advantages in PVsyst simulation

» System Loss in a demo project, all settings are same except for PAN file of PV module.

1271 k% Global horizontal irradiation 1271 k% Global horizontal irradiation
+5.2% Global incident in coll. plane +5.2% Global incident in coll. plane
%-0.9% IAM factor on global 3 -0.8% IAM factor on global
1325 KWh/m=* 97 m= call. Effective irradiation on collectors 1326 KWh/m?® * 97 m* coll. Effective irradiation on collectors
efficiency at STC =21.15% PV conversion efficiency at STC = 21.27% PV conversion
27277 kKWh Array nominal energy (at STC effic.) 27461 Kh Array nominal energy (at STC effic.)
Y e S e e T OE T T T T TR T T e — — —
| $-0.1% PV loss due to iradiance level } | 0% PVloss duetomadiance level
I \—4 9% PV loss due to temperature I
wiEE | PYlssdusbotem peratre _ _ _ ' w_A4% ____ Pvlossduetolemperare
+0.8% Maodule quality loss +08% Module quality loss
L}—2.1% Mismatch loss, modules and strings +-2.1% Mismatch loss, modules and strings
%-0.8% Ohmic wiring loss % -0.8% Ohmic wiring loss

TSM-DEG19RC.20 TSM-NEG19RC.20
(PERC) (TOPCon)

« U|_ » Solutions 13



Performance advantages in PVsyst simulation

» Produced Energy (kWh/year) for 3.1 MW demo projects in different locations.

@ Solutions

8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000

Produced Energy (kWh/year)

+3.04%

China-Yinchuan
(38.47°N, 106.32°E)

TSM-DEG21C.20
(PERC)

+3.18%

Germany-Cologne
(50.93°N, 6.95°E)

B TSM-NEG21C.20
(TOPCon)

+3.96%

Saudi Aribia-Jeddah
(21.68°N, 39.16°E)

14



@ Solutions

Thank you

Jason.you@ul.com

UL.com/Solutions

Safety. Science. Transformation.”

UL LLC © 2023. All rights reserved.
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10:00 am — 11:00 am | EDT, New York City
11:00 am —12:00 pm | BRT, Sdo Paulo

4:00 pm —5:00 pm | CEST, Berlin, Madrid

Anne Fischer

Senior Editor Product Manager CEO and President Senior Project Engineer
pv magazine USA Trina Solar RETC UL-CCIC



pv magazine

The latest news

Indoor perovskite PV solar cells with 32.0%

efficiency
by Emiliano Bellini

Chinese PV Industry Brief: Big module
makers call for wafer standards

by Vincent Shaw




Coming up

Tuesday, 25 July 2023
1:00 pm —2:00 pm EDT, New York City
7:00 pm —8:00 pm CEST, Berlin, Paris, Madrid

The IRA domestic
content bonus and its
implications on
developers and
manufacturers

Monday, 31 July 2023
2:00 pm —3:00 pm CEST, Berlin, Paris, Madrid
4:00 pm —5:00 pm Dubai

How liquid cooled ESS
helps achieving a
lower LCOS for utility-
scale applications

pv magazine

Many more to come!

In the next weeks, we will continuously
add further webinars with innovative
partners and the latest topics.

Check out our pv magazine Webinar
program at:

WWW.pv-magazine.com/webinars

Registration, downloads
& recordings are also be
found there.




this

We b I na i]sowered by pv magazine

I LGER]ELS

Thank you for
joining today!




	01_pv magazine Webinar_Presentation_TrinaSolar_Jul13
	Slide 1
	Slide 2

	1_ Rockyi-TOPCon technology roadmap aFINAÖL
	2_Cherif_Trina & RETC Webinar_FINAL
	Slide 1: Reliability Analysis of Trina Solar’s N-type Modules
	Slide 2
	Slide 3
	Slide 4: WHY USE THE THRESHER TEST?
	Slide 5: How is it performed?
	Slide 6: The Thresher Test
	Slide 7
	Slide 8: PV MODULE INDEX OVERVIEW & RESULTS
	Slide 9: About the PVMI
	Slide 10: PVMI Differentiation
	Slide 11
	Slide 12: Thresher Test Results - TSM-NEG21C.20
	Slide 13: Thresher Test Results - TSM-NEG21C.20
	Slide 14: Thresher Test Results - TSM-565DEG19RC.20
	Slide 15: Thresher Test Results - TSM-565DEG19RC.20
	Slide 16
	Slide 17

	3_Jason_Performance Advantages of Topcon PV modules_FINAL
	01_pv magazine Webinar_Presentation_TrinaSolar_Jul13
	Slide 3
	Slide 4
	Slide 5
	Slide 6


