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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%,

Proprietary - Clean Energy Associates, LLC Page 4 of 15
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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

E s s s s e

information.
Table 3 Test sample information
Sample # Serial number
1 A12240400100005
2 A12240400100002
3 A12240400100006
4 A12240400100001
5 A12240400100003
6 A12240400100007
Table 4 Product information
Model TSM-685NEG21C.20
Cell technology TOPCon
Cell number 132
Cell format 210x210 mm
Number of busbars 14
Junction box IP68, 3 bypass diodes
Laminate construction Glass
Bifaciality ratio 80%
Power(Pmax) 885W * “(Considering LID, the power range of the certification authorty !nwﬂ:"(\:‘:“'o" .«\}r:w;::v; f(")" o
1 [ ] :'G::‘““: sz‘v:\nagetvmm 39,8V For fieki connections, use minimum dmm?(No. 12AWG)copper wires insulate
| ﬁlnaSOIar Maxiun Pov Cueinp) 17198 WARNING-ELECTRICAL HAZARD
: B oo et s A e e v
E‘é‘;’: & :‘"v::«m‘szscm\':"\ o 0~+5W nggaﬂsaor:zre }gdad. Trina PV Industrial Park, New District, Changzhou City
G e e | e

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

"HRE [ ]]]]
NNNNNRNA. | (ANRNNANED
o [ ]

| BEGETNENR

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

Table 6 Visual inspection results

TSM-685NEG21C.20 Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6 Score Grade
Visual inspection None None None None None None 0 100
Proprietary - Clean Energy Associates, LLC Page 6 of 15
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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-685NEG21C.20 Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6| Score Grade

EL image inspection None None None None None None 0 100

Visual and EL Inspection Grades
100 100

100

80

60

40

20

TSM-685NEG21C.20

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-685NEG21C.20 Sample1 | Sample2 | Sample3 | Sample4 | Sample5 | Sample 6 Grade
Front side low irradiance efficiency loss (%) 1.90% 79
Low Irradiance Efficiency Test Grade

100
80
60
40
20

0

TSM-685NEG21C.20
Trina
Figure 4 Low irradiance test result
Proprietary - Clean Energy Associates, LLC Page 8 of 15




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-685NEG21C.20 Sample1 | Sample2 | Sample 3 | Sample4 | Sample5 | Sample 6 Grade

Pmax Temperature coefficient (%/°C) -0.29% 102

Pmax Temperature Coefficient Test Grade

120

102

100

80

60

40

20

TSM-685NEG21C.20

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-685NEG21C.20 Sample 1

Sample 2 | Sample 3 | Sample 4

Sample 5

Sample 6

Grade

Front side PID loss (%)

-0.21%

100

100

80

60

40

20

Proprietary - Clean Energy Associates, LLC

PID Loss Test Grade
100

TSM-685NEG21C.20

Trina

Figure 6 PID loss test result
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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 11 Bifaciality ratio test results

TSM-685NEG21C.20

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Sample 6

Average

Bifaciality ratio (%)

76.85%

76.52%

77.04%

76.73%

76.43%

76.51

76.68%

The bifaciality ratio is calculated from the following formula:

Bifaciality ratio = (Pmax rear surface / Pmax front surface) * 100%

Proprietary - Clean Energy Associates, LLC
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3.7. Score overview
Figure 7 shows the overview of the test scores. Figure 8 shows the average score.

Test Grades Overview

100 100 102 100
100
79

8
6
4
2

0

TSM-685NEG21C.20

o

o

o

o

Trina

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

Figure 7 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

95

80

60

40

20

TSM-685NEG21C.20

Trina

Figure 8 Average test grade
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Mono Multi  Solutions

Vertex N

N-type i-TOPCon bifacial dual glass PRODUCT: TSM-NEG21C.20
Monocrystalline module PRODUCT RANGE: 675-700w
700w O~+5W 22.5%
MAXIMUM POWER OQUTPUT POSITIVE POWER TOLERANCE MAXIMUM EFFICIENCY

: ’) High customer value
@ * The star of LCOE (Levelized Cost Of Energy) .Higher string power
feature effectively reduces BOS (Balance of System)and LCOE
*More energy harvest with cutting-edge N-type i-TOPCon technology
*Designed for compatibility with existing mainstream system components

High power up to 700W

* Up to 22.5% module efficiency with high density interconnect
technology

* SMBB (Super multi-busbar) technology for better light trapping effect,
lower series resistance and improved current collection

High reliability

* Minimized micro-cracks with innovative non-destructive cutting
technology

* Ensured PID resistance through cell process and module material
control

* Resistant to harsh environments such as salt. ammonia, sand, high
temperature and high humidity areas

* Mechanical performance up to 5400 Pa positive load and 2400 Pa
negative load

High energy yield

* Excellent product bifaciality and low irradiation performance,
validated by 3rd party

» Lower degradation: 1% firstyear. 0.4% annually thereafter

* Lower temperature coefficient (-0.30%)

* Up to 30% additional power gain from back side depending on albedo

Trina Solar's Vertex Bifacial Dual Glass Performance Warranty

Comprehensive Products and System Certificates

3 IEC61215/1EC61730NECE1701AECE2716 .
& 1509001: Quaity Management System PN asol ar
1S014001: Environmental Management System

® o o~ 1S014064: Greenhouse Gases Emissions Verification
C€ & - &

Ereue
- 1S045001: Occupational Health and Safety Management System

Proprietary - Clean Energy Associates, LLC Page 14 of 15
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' ertex N N-type |-TOPCon bifacial dual glass Monocrystalline module

DIMENSIONS OF PV MODULE(mm)

£ 1303

I-V CURVES OF PV MODULE(690W)

200
1000w/
e

<
g 10,0 }—S00Wm:
(= S —
4DaW/m®
50

200W/m*

() 10 EY 30

Voltage(V)

P-V CURVES OF PV MODULE(690 W)

Front View
Sikcon Seatant
s -
Laminate E
m Frame m Frame
o 10 20 0 40 so
o = Voltage(V,
A-A B-B ge(V)
MECHANICAL DATA

Solar Cells N-type Monoorystaline Frame 33mm(1.30 inches) Anodized Aluminium Alloy

Na.ofcells 132cells }Box P68 rated

Module Dimensions 2384 ¥1303 =33 men (93,86 51 301 30 inches) Cables. Photovoltaic Technology Cable 4 Omme (0.006 inches?)

Weight 38.3kg(84.4 1) Portrait: 350/260 mm(13.78/11 02 inches)

Front Glass 2.0 men (0.08inches), sgh Trmeimion. A2 Cote M Stramgsurd G Length can be customized

Encapsufant matesial POE/EVA Connector MC4 EVO2 / TS4 PLUS / TS4*

Back Glass 20 i Heat g Aass (White Grid Glass) sogral

ELECTRICAL DATA (STC&NOCT) TEMPERATURE RATINGS

Testing Condition STC NOCT  STC NOCT  STC NOCT  STC NOCT  STC  NOCT STC  NOCT NOCT NoreratOperatirg Cot Tomgmeamrwy  43°C(22°0)
Coefficientof Prax - 0.30%/°C

- o 4 7 4
Peak Power Watts-Pa (Wg) 675 S 680 S 685 s 690 526 695 530 700 =3 wl ofVor  -024%/°C
Power Tolerance Py (W) 045

Temperature Coefficient of i 0.04%°C

Maximum Power Voltage-Vies (V) F]¥4 ;0 9E 32 ¥e J3 401 377 403 378 405 380
MAXIMUM RATINGS

Maximum Power Current-bew (A) 1712 1389 1716 1381 1719 1394 1723 139 1725 1402 1729 1405 - >
Operational Temperature 40~+85° C
Open Gircuit Voltage-Voz (V) 472 447 474 443 477 452 478 454 483 458 486 460
Maximum System Voltage 1500V DC(IEC)
Shart Circuit Current-lsc(A) 1814 1462 1818 1465 1821 1467 1825 1471 1828 1473 1832 1476 1500V DC{UL)
Module Efficency «m (96) 217 219 221 22 24 225 Max Series Fuse Rating /A
STC Arstance 1000Wima, ol Tampmrrtars 2°C, A Mass AMLS.  NOCT: eadiares ot (O0W /v, Arvimes Terpecetace 20°C. Wind Speed 1y "Maswring tolscasce: 23 WARRANTY

Electrical characteristics with different power bin (reference to 5% & 10% backside power gain) 12 year Product Workmanship Warranty

Backside Power Gain 5% 10% 5% 10% 5% 10%  S%  10% 5%  10% 5% 10% 30 year Power Warranty
196 first year degradation
Total Equivalent power -Puax (Wp) 708 743 74 748 na 74 725 759 730 765 738 ™0
- 0.40% Annual Power Attenuation
Magmum Power Voltage-Voer (V) 394 394 96 396 18 298 401 401 403 403 405 405

Preans cater to prodact wamasty for dev)

Maximum Power Current-hwe (A) 17.98 1883 1802 1863 1805 1891 18.09 1885 1g11 1898 1815 1902 PACKAGING CONFIGURATION
Open Circuit Voltage-Vor (V) 472 472 474 474 477 417 479 478 483 483 486 486 Modules per box: 33 pieces
Short Circuit Current-lsc (A) 1905 1995 1909 2000 1912 2003 1916 20.08 1918 2011 1924 2015 Modules per 40 containes: 554 pieces

Power Sitaciahty 20 5%

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

I rlna Sol a r © 2023 Trina Solar Limited, All rights reserved, Specifications included in this datasheet are subject to change without notice.
Version number: TSM_EN_2023_C www.trinasolar.com
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