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1. INTRODUCTION

As part of CEA’s engagement in developing and supervising PV Magazine’s test program at Gsola, CEA has developed a testing
protocol and flowchart, a scoring system, a methodology and a reporting structure that it will be used to run this program.
This report presents the test results and scoring grades for this product.

2.  SCORING SYSTEM

2.1. Test flowchart and protocol

The following is a high-level flowchart of the testing procedure, describing the steps, and tests to be followed.
Detailed checklists have been delivered to Gsola, that will also serve as records of the process.
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* LD option: 6 modules if LID test is performed (1 module is spare, in case a module is accidentally damaged in the lab)
** G-shock grade is maximum 25 g with unique serial

*** Random selection by CEA of the modules that will be assigned to each of the sequences A to D

Notes for LID testing: 1) No LID test: CEA remotely supervises sample selection,

2) With LID test: CEA engineers will witness the sampling, packing and sealing of the modules in the box CEA PV Magazine Test Flowchart January 2021 v5

Figure 1 Test flowchart
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For every product, 5 samples have been shipped to Gsola’s lab to conduct the tests and inspections according to the above
flowchart.

2.2. Scoring methodology

The following table describes the inspections and tests that have been applied on all products:

Table 1 Test/inspection grading system overview

Test/inspection sa:tn‘:es Method Values :r:edr:i.laeight Grades
1 | Visual inspection 5 Inspection RPN Scores 10% 1-100
2 | ELimage inspection 5 Inspection RPN Scores 10% 1-100
3 | Low irradiance efficiency loss 1 Test % 25% 1-100
4 | Pmax Temperature coefficient 1 Test %/°C 25% 1-100
5 | PID loss 1 Test % 30% 1-100
6 | LID loss (optional) 1 Test % NA 1-100
7 | LeTID 1 Test % NA 1-100
3 Outdoor installation and yield 1 Energy Yield Periodic NA NA

measurement Monitoring kWh/kWp

Notes:
1. The RPN scoring method has been developed by CEA and is used to evaluate and create risk scores of Visual and EL
defects.

2. The weights are used to calculate the average grade for tests 1-5.

A number within the 1-100 range will be used to grade the results, so that the overall ranking of the products will reflect
general industry practices and requirements:

Table 2 Detailed scoring system

Grade range: 100 920 80 70 60 50 40 30 20 10 0

Visual inspection

0 0.74 2.20 439 7.30 10.94 15.30 2039 26.20 32.74 >40
(RPN scores)
EL ";lzgrzsf)RPN 0.00 2.03 4.62 7.75 11.43 15.65 20.43 25.75 31.62 38.03 >45.00
LR <-2.00% -0.02% 1.78% 3.41% 4.87% 6.16% 7.27% 8.21% 8.98% 9.58% >10.00%

loss

sz:fli:;s >-0.300% | -0.343% | -0.382% | -0.417% | -0.448% | -0.475% | -0.498% | -0.517% | -0.532% | -0.543% | <-0.550%

PID loss <0.0% 0.7% 1.6% 2.7% 4.0% 5.5% 7.2% 9.1% 11.2% 13.5% >16.0%

LID loss (optional) | <-0.50% 0.35% 1.20% 2.05% 2.90% 3.75% 4.60% 5.45% 6.30% 7.15% >8.00%

LeTID <0% 0.30% 0.60% 0.90% 1.20% 1.50% 1.80% 2.10% 2.40% 2.70% >3.00%
Notes:

1. The Visual and EL Inspection RPN scores will be divided by the number of samples, to normalize the score, as the
total number of samples may vary.

2. The correspondence of the scores/test results to the grades follows a binomial or linear relationship, anchored to
certain key values that are generally accepted and employed in the PV industry. For example, a PID loss of 5%,
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which is the pass/fail threshold of the related IEC standard, will give a grade close to 50. In this sense, grades below
50 indicate a product performance that is below a generally acceptable threshold.

The scoring system shown in Table 2 is preliminary, and will be adjusted as the testing program develops, in order to better
reflect the products standing per industry standards.

A sample lot consists of 5 modules, one of which has been used as a spare for the chamber and outdoor testing, in case a

module is accidentally damaged during handling at the lab. Refer to Table 3 and Table 4 for test sample and product
information.

Table 3 Test sample information

Sample # Serial number
1 A12231100100358
2 A12231100100354
3 A12231100100356
4 A12231100100359
5 A12231100100355

Table 4 Product information

Model TSM-NEG9RC.27
Cell technology N Type
Cell number 144
Cell format 210x182 mm
Number of busbars 14
Junction box IP68, 3 bypass diodes
Laminate construction Glass
Bifaciality ratio 80%

inge of the certificabon authory, tolerance (Pmax) £3% (Voc) £3%. (isc) 5%

Maximum Power(Pmar) e e P eimum Ama(No. 12AWGicopper wires insulated for 3 minimum 50

For bekd connections. use InImu

T o ‘
Maximum Power Voltage(Vmp)
rlnaSO‘ar Maximum Powet Cutent(imp) WARNING-ELECTRICAL HAZARD
Open Circutt Voltage(Voc) % E . D

Thes madule produces electricily when exposed 1o ight

TSM-425NEGORC 27 Shoft Gitoud Custent(isc) Fotow i apphcable slectrical salety precautions

L -u Tnna Solar Co., Ltd =
E E adsborieli 0-+5 ‘d;: "Sanme Road, Tnna PV Industnal Park New Distnict, Changzhou City
X ;:m':\j:?;,:f“ Vohage Jiangsu Province 213031 P R China Made in China
E-' Elt:‘lvul “ﬂ""; AISTC A www tnnasolar com

Figure 2 Product nameplate
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3.1. Visual inspection
All 5 modules of each product sample lot have undergone visual inspection, according to CEA’s quality criteria for visual
inspection. The defects found has been evaluated according to CEA’s scoring system. The scoring system is a modified version

of CEA’s proprietary RPN (risk priority number) system, based on the formula RPN score = Severity x Detectability.

Table 5 Product picture

Front Side Rear Side

L T [ TN [

The following table shows the visual inspection results, normalized for the number of tested modules:

Table 6 Visual inspection results

TSM-NEG9RC.27 Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Score Grade

Visual inspection None None None None None 0 100
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3.2. ELimage Inspection

The same sample lot was inspected for EL defects.
Table 7 shows the EL inspection results normalized for the number of tested modules. Visual and EL inspection scores are
shown below in Figure 3.

Table 7 EL image inspection results

TSM-NEG9RC.27 Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Score Grade

EL image inspection None None None None None 0 100

Visual and EL Inspection Grades
100 100

100

80

60

40

20

TSM-NEGORC.27

Trina

B Visual Grade ™ EL Grade

Figure 3 Visual and EL inspection results
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3.3. Low irradiance efficiency loss test

The efficiency loss is calculated by the following formula:
Efficiency loss = 1- [(Pmax at low irradiance conditions / Pmax at STC) * (1,000/200)]

Table 8 and Figure 4 show the low irradiance efficiency test results for the front side.

Table 8 Low irradiance test results

TSM-NEG9RC.27 Sample1l | Sample2 | Sample3 | Sample4 | Sample 5 Grade

Front side low irradiance efficiency loss (%) 3.44% 70

Low Irradiance Efficiency Test Grade

100

80

60

40

20

TSM-NEGO9RC.27

Trina

Figure 4 Low irradiance test result

Proprietary - Clean Energy Associates, LLC Page 8 of 16



3.4. Pmax temperature coefficient test

Table 9 and Figure 5 depict the Pmax temperature coefficient test results.

Table 9 Pmax temperature coefficient test result

TSM-NEG9RC.27 Sample 1 | Sample2 | Sample3 | Sample4 | Sample 5 Grade

Pmax Temperature coefficient (%/°C) -0.31% 98

Pmax Temperature Coefficient Test Grade

100 98

80

60

40

20

TSM-NEGSRC.27

Trina

Figure 5 Pmax temperature coefficient test result
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3.5. PID loss test

Table 10 and Figure 6 depicts the PID loss test results for the front side at 1500 V:

Table 10 PID loss test result

TSM-NEG9RC.27 Sample 1 | Sample2 | Sample3 | Sample4 | Sample 5 Grade
Front side PID loss (%) -0.16% 100

PID Loss Test Grade
100

100

80

60

40

20

TSM-NEGSRC.27

Trina

Figure 6 PID loss test result
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3.6. LeTID loss test

Table 101 and Figure 6 depicts the LeTID loss test results:

Table 11 LeTID loss test result

TSM-NEGORC.27

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Grade

Front side LeTID loss (%)

100

80

60

40

20

Proprietary - Clean Energy Associates, LLC

Not uP

LeTID Grade

dated

TSM-NEGORC.27

Trina

Figure 7 LeTID loss test result
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3.7. Bifaciality ratio

The bifaciality ratio test result is not graded. We list the results here for informational purposes. The table below shows the
bifaciality ratio results:

Table 12 Bifaciality ratio test results

TSM-NEG9RC.27 Sample 1 | Sample2 | Sample3 | Sample4 | Sample 5 Average
Bifaciality ratio (%) 79.10% 79.01% 79.42% 79.07% 79.08% 79.14%

The bifaciality ratio is calculated from the following formula:

Bifaciality ratio = (Pmax rear surface / Pmax front surface) * 100%
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3.8. Score overview
Figure 8 shows the overview of the test scores. Figure 9 shows the average score.

100
100
80
6
4
2
0

B Visual Inspection Grade B EL Grade m Low Irradiance Grade B Temp Coeff Grade M PID Loss Grade

Test Grades Overview
100 100

98
I 70 I I

TSM-NEGSRC.27

o

o

o

Trina

Figure 8 Test results overview

NOTE: The Average grade does NOT include the LID test, as it is optional and not performed for all products.
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Average Grade
100

92

80

60

40

20

TSM-NEGORC.27

Trina

Figure 9 Average test grade
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Appendix 1 — TSM-NEG9RC.27 Datasheet

L
Mono Multi  Solutions

Vertex S+

PRODUCT: TSM-NEGERC.27

BIFACIAL DUAL GLASS MONOCRYSTALLINE MODULE POWER RANGE: 415-440W
~ 0/
440W O~+5W 22.0%
MAXIMUM POWER QUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY

;& Smallinsize, bigger on power
Ué%, = Up to 440W,22.0% module efficiency with high density
interconnect technology
» Reduce installation cost with higher power bin and efficiency
+ Boost performance in warm weather with low temperature
coefficient and operating temperature

) § Transparent Dual-glass Design

# Transparent design with aesthetics appearance, 3.2% transparency
» Upgraded dual glass of Vertex 5, less prone to micro-cracks and
scratches on the back during installation

= Excellent fire rating, weather resistance, salt spray, sand dust,
ammonia performance which is fully applicable in coastal, high
temperature, humidity area and harsh environment

[I”D Ultra-low Degradation, longer warranty, higher output
5

= First-year degradation 1% and annual degradation at 0.4%
» Up to 25 years product warranty and 30 years power warranty

Universal solution for residential and C&l rooftops
+ Easy forintegration, designed for compatibility with existing
mainstream inverters and diverse mounting systems

+ Perfect size and low weight for handling and installation

* Most valuable solution on low load capacity rooftops (weight
similar to backsheet version)

* Mechanical performance up to 5400 Pa positive load and 4000 Pa
negative load

Trina Solar's Vertex Bifacial Dual Glass Performance Warranty

Comprehensive Products and System Certificates

IEC51215/IECE1730/IECE] FOL/ECE 2716/ ULEL 730 9
@ @ §F  sosoos ousityManagementsystem rlnasol ar
(- 150 14001 Ervireamental Management System
CE ‘0’ " wSie 15014064: Gresnhouse Gases Emissions Verficatan

FEMASIUTT - ey inabinenal Wmalbb sl ©afab Mo n s S

Proprietary - Clean Energy Associates, LLC Page 15 of 16



CEA

CLEAN ENERGY ASSOCIATES

Investment Confidence

v ule
ertex S 1 BIFACIAL DUAL GLASS MONOCRYSTALLINE MODULE

DIMENSIONS OF PV MODULE (rmim)

1134
E ] 1132
aln I-¥ CURVES OF PV MODULE({430W)
LOCOWY "
SO0
i GO0
:
ﬁ 3 Al
200w
|
i
i}
-Grunding ruw : B = . = - N
Voltage(V)
P-W CURVES OF PV MODULE({430W)
45|
Front View Back View e
40| / Y
Sikgen Sealanl i . - "":"”"'""'.
o Sicen Gaadant 1 // =
Lasnats = g -
E - T
- % T
-] z’ 3 [T
Frami AP
- —
al . A
85 .
A-A B-B Valtage(V)
ELECTRICAL DATA (5TC) MECHANICAL DATA
Paalk Powor Watts: Puas (Wp)® 415 420 47 430 43 240 Sclar Calls Morcarystaling
P Tolranca: FMAX (W) D=+5 Wi bl Lidonlty
N Hiduks: Dimansiones 1362=1134 = 30 mm{E9.06 =43.15= 118 inchas)
Maximum Power Voltage-Vee () 421 425 425 43z 436 440
Weight Z1.0kg {36304}
M Fowar Cun (A} 9.88 SES a5z 956 595 10,01
emm Tenbber i Front Glass 1.6 mm [DuDE inchasy, High KECoated Haal Ehirii
Open Dincuit Yoltage -V [V} =01 505 508 514 =18 522 Encapsulant matarial POEMEWA
Shirt Tl Currert -l (4] 10.50 1053 1056 1055 10E4 1057 BackiGass 1.6 mm [D.DEinches), High Transmission, Heat Srengthened Gass
Mol EMcancy « m [ 20.8 2L 213 215 a8 220 Frama 20mim (1.18 inches | Anodized Alaminiam Aoy, Black
STC: ivhacs SEEDWG, Col Tempnsturs 20T, Alr M AHLE. “Hismsing s £ 75 |-Bes IF & rated
Elmctrical characteristics with differsnt poweer bin [refersnce to 10 radianoe r Cabies Pretvoltaic Technokegy Cable 4.0mm# {0006 inchas®)
Portrain: 3507280 mm{13 7811.02 inchas)
Tetal Equivalent powar -Prss [WE) a4 454 458 454 470 475
Langth can b customizsd
Maimum Fower Voltage:- Ve (V] &1 425 475 437 436 440
Connecior M4 EVOZ S TS PLUE J TS8"
Mauimism Powsir Cemantbee (A} 1065 10EE 1071 146 1079 1081 “Flamur aefer ia regponal ca e for i onnecia
Opan Circuit ¥oitage-Vi (V] 501 505 50 =14 =18 522
TEMPERATURE RATIMGES MAXIMUM RATINGS
Shart Cinouil Cusmat- 5L (A) 34 137 1140 1144 1143 1152
NOCT fomina tiomcating ol Tempernaey 43T [22°TC) Operational Temperature &0~ +85C
Iradianca rata fmar/front] 1nk Temparature Coaffickrtof Pusx - 0.3090"C Maximum System Woltaga 1500V OC (IEC)
Pomme My S Temearature Coefficknt of Voo D.24%°C Max Sarias Fusa Rating 258,
ELECTRICAL DATA (NOCT) Temparatune Coefficknt of QL0436 T
Manimum Fower Py Wi 316 =0 3za E=C) 332 EEY
Masimism Powser Valtage Vs ¥) 393 27 400 404 407 41D WWARRANTY e e e s il
15 year Product Whorkmarship Waman, Modulespar oo 36 pleces
Masimum Power Durrant-leer (A} E03 aar (=Li:] 811 B15 817 yea ! '
30 yoar Powar Warranty Moduios par 40 CoNtaineT: 936 P
Open Dincuit oltage-Voc (W) 475 4TE 4az 487 431 454
1% first year degradation
Short Cirout Carrant- i (A} B4E E49 a5l a53 E57  BED

045 Anmaal Fower Aftsreation

WOLE Wb NI, A e

L Wl ] 02 Pimarus redme o0 pracirs massant s For decaiinl

CAUTION: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE USING THE PRODUCT.

Ir na I I-" @ 2023 Trina Solar Co_ Ltd. All rightts reserved. Specifications included in this datasheet are subject to change withaut notice.
I SO a Wersion numbes: TSM_EN_2023_8 wawava trinasolar. com
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