CEA | PV MAGAZINE PROGRAM TEST REPORT

SUPPLIER | JA

Author: George Touloupas
Date: 19 September 2020
Form Version: V1

| |
DV MACAZINEG e s




Investment Confidence

2.1. Test flowchart and protocol

2.2. Yoo g (o= a1 aToTo (o] [o )= AT TP P PP PP OPPRTPPP
3.1. VU] T T o Y=ol £ (o] o VR RO PRURPPUPPPN 5
3.2. [ 100 T Y=L [ g 1Y o 1Tt o L o PP PO PRSPt 6
3.3. LOW irradianCe EffiCiENCY 0SS TEST. .eiiiiiiriii ettt et e e e et e e e e ettt e e e e e e e eabaeeeee s stbaseeeeeetaseeeeeennnreneeeans 7
3.4, PMax temMpPerature COBTIICIEBNT TEST ...ccuviiii et e e e e et e e e e e e s eabreeeeeeenbraaeeeeeeaareeeesennnreneeeens 8
3.5. o 0T T SRR 9
3.6. SCOME OVEIVIEW ..iiieieieiiiiieieeeieseee ettt ettt et eeeeeeeeeeesasasasa s aababsbeebe et e e e e e e aeaaaeeaasesessasasassssnssnsssaseeseneaeeeaeaeaeeeesesenanns 10

Table 1 Test/inspection Grading SYSTEM OVEIVIEW .........cccuviiueeeiieeiteeeieeeeeeeteeeeeeeteeeteeebeestaeesseestseenseessssebeessseentessssesseesaseenssesseeen 4

Table 2 Detailed scoring system..........ccccoecuu.ee.

Table 3 Test sample information

R o) (R A o oo (W ot T} £ ' P14 T o FO U STPRRSR

LIE] o] (T 2 o Yo LU ot o (ot U IR 5

Table 6 ViSUGl INSPECTION FESUILS ..eo.viiiiiiee ettt e st e e sttt e s eaae e e sabeeesbeeesabeeeessbeeesasaeesabeeessteesnnsaeessseesnssaennnns

Table 7 EL image inspection results
Table 8 Low irradiance test results

Table 9 Pmax temperature coefficient tESt rESUIL .......cooiiieiee ettt e 8
LI Lo 1T KO o T T €1y T ] USSP SPOTRRRIN 9
Table 11 Bifaciality ratio T8ST FESUILS ....c.ei ittt b e st e s b e st e e s bt e e b e e beesabeesaeesabeesnneenreeas 11
[T qU Tt =Ty a1 1YY o = o SRS 3
Figure 2 Visual and EL iNSPECLION FESUILS ....c.uiieiiiiecciiec ettt st e st e et e e et e e s e ata e e s aaeeessteeesnsaeesneeeesnseeaansseesnsneeanseeaan 6
FIgure 3 LOW irradianCe tEST MESUIL......coic i ciee et eee et ettt e st e e ettt e e e te e e eaeeeesateeeansaeeansaeeesteeeansaeesnsseeasseeaanseeesnnsneesnsenann 7
Figure 4 Pmax temperature COEffiCient tESt FESUI .......coouiir e e e e et e e s are e e rar e e e ener e e snaeeesnneeeas 8
FIGUIE 5 PID 10SS TEST FESUIL .. uviiieieeeiiie ittt e etee ettt e e ettt ee e e et e e e s te e e sate e e e teeeaataeesssaeeessseeeansseesnsaeeessteeeansaeesnnsesassseeaansseennseeesnsenann 9
FIGUIE 6 TESE FESUILS OVEIVIEW.......iiiiiiiiciiiecciiee ettt ettt e et e e st e e et e e eeaeaeesaaeeasstee e ssaeesaseeeassseeaansasessseeeansaeesnsaeesnseeesnsseesnees 10

Figure 7 Average test grade

Proprietary - Clean Energy Associates, LLC Page 2 of 13



CEA

CLEAN ENERGY ASSOCIATES

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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Figure 1 Test flowchart
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2.2. Scoring methodology

flowchart.

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

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

Table 1 Test/inspection grading system overview

Investment Confidence

# of A
Test/inspection 0 Method Values e . Grades
samples grade weight

1 | Visual inspection 5 Inspection RPN Scores 10% 1-100
2 | EL image 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 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
Vi?:i',\;":c‘;er:‘;)o " 0 0.74 2.20 4.39 7.30 10.94 15.30 20.39 26.20 32.74 240
EL i?;gris(pr 0.00 2.03 4.62 7.75 11.43 15.65 20.43 25.75 31.62 38.03 2 45.00
Low "I;as':iance <-2.00% -0.02% 1.78% 3.41% 4.87% 6.16% 7.27% 8.21% 8.98% 9.58% > 10.00%
P:)Z:Jjg\‘t’ >-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%

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%,
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.
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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.

This sample lot consists of 3 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 Lab code
1 207M6M6041079334 PVT200903A-03-02
2 207M6M6041079582 PVT200903A-03-03
3 207M6M6041079329 PVT200903A-03-01

Table 4 Product information

Model JAM60S10-345/MR
Cell technology Mono PERC
Cell number 120
Cell format Half cut
Number of busbars 9

Junction box IP68, 3 diodes

Laminate construction Framed glass/glass

3.1. Visual inspection

All 3 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

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

Table 6 Visual inspection results

JAM60S10-345/MR Grade

100

Sample1l | Sample 2 | Sample 3 | Sample 4 | Sample 5 Score

Visual inspection None None None 0
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3.2. EL image 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 .

Table 7 EL image inspection results

CEA

CLEAN ENERGY ASSOCIATES

Investment Confidence

JAM60S10-345/MR Sample 1 Sample 2 Sample 3 Sample 4/Sample 5| Score | Grade
EL image inspection Grid breaks | Micro cracks Grid breaks 17 48
Visual and EL Inspection Grades
100 100
80
60
40
20
0
JAM60S10-345/MR
W Visual Grade ™ EL Grade
Figure 2 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 3 show the low irradiance efficiency test results for the front side.

Table 8 Low irradiance test results

JAM60S10-345/MR Sample1l | Sample2 | Sample3 | Sample4 | Sample 5 Grade

Front side low irradiance efficiency loss (%) 4.20% 65

Low Irradiance Efficiency Test Grade

100

80

60

40

20

JAM60S10-345/MR

JA

Figure 3 Low irradiance test result
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3.4. Pmax temperature coefficient test

Table 9 and Figure 4 depict the Pmax temperature coefficient test results.

Table 9 Pmax temperature coefficient test result

JAM60S10-345/MR

Sample1 | Sample2 | Sample3 | Sample4 | Sample 5 Grade

Pmax Temperature coefficient (%/°C)

-0.41% 73

Pmax Temperature Coefficient Test Grade

100

80

60

40

20
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JA

Figure 4 Pmax temperature coefficient test result
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3.5. PID loss test

Table 10 and Figure 5 depicts the PID loss test results for the front side at 1500 V:

Table 10 PID loss test result

JAM60S10-345/MR Sample1 | Sample2 | Sample3 | Sample4 | Sample 5 Grade
Front side PID loss (%) 1.63% 80
PID Loss Test Grade
100
80
60
40
20
0
JAM60S10-345/MR
JA
Figure 5 PID loss test result
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3.6. Score overview
Figure 6 shows the overview of the test scores. Figure 7 shows the average score.

Test Grades Overview

100
80
73
65
| I

JAM60S10-345/MR

100

80

60

4

o

2

o

JA

B Visual Inspection Grade ™ ELGrade M Low Irradiance Grade ™ Temp Coeff Grade M PID Loss Grade
Figure 6 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

80

60

40

20

JAM60S10-345/MR

JA

Figure 7 Average test grade
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S Harvest the Sunshine

350W MBB Half-Cell Module
JAM60S10 330-350/MR Ex3

Introductio

/\./l Higher output power % Lower LCOE

% Less shading and lower resistive loss - Better mechanical loading tolerance

Superior Warranty Comprehensive Certificates

* 12y roduct warranty « |[EC 61215, IEC 61730

» 25-year linear power output warranty * 1SO 9001: 2015 Quality management systems

100% * ISO 14001: 2015 Environme

S7.5%

ital management systems

* OHSAS 18001; 2007 Occupational health and safety
[T'HHH'?]E—’.'TIE{(W? S\"htf—?ﬂ'ﬁ

(PV) modules —

odule design

i1 . i r~On J_.
----- m——
JA Linear Power Warranty ® Industry Warranty @ c E
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J/ASOLAR JAM60S10 330-350/MR e

MECHANICAL DIAGRAMS SPECIFICATIONS
i, st Call hono

FRRE1 R RN T I .
O iz L
V1110 T PN
LT T ime LT e * 3511

Dimensions 1680£2mm=298L2mma= 35+ Tmm
LI T LA T LD TR e ——
L T T AT ——
LM%UHH% Cable Cross Section Size 4mm*
LT T .
FRHT1 1 T — =L Mo, of cells 1200620
T TR O T En = ﬂﬁ 91
00080 RN TR R o1 ’ .

Junction Box IPGE, 3 dindes

— ai Connacior O -'-.'I[It1j1.'l:i|'|_".-'f-

| QC 4.10-35(1500v)
(I ||| TR [T "o Cable Langth Portrait: 300mmj + J400mmi-);
OO RN i (Ineluding Connector)  Lendscape:1000mmi+)1000mm(-)
T O g T H L

Packaging Configuration 31 Per Pallet

I la | labd:
ELECTRICAL PARAMETERS AT STC
JAMBOS10 JAMBOS10 JAMBOS10 JAMBDS10 JAMBOS 10

TYPE SA30MR -335/MR ADMR -345/MR 350MR
Rated Maximum PoweriPmax) [W] 330 335 340 345 350
Opan Circull Voltagevoc) (V] 41.08 41.32 41.55 41.76 42.02
Maximum Power Voltaga(yVmp) [V] 424 3448 3473 34.99 35.25
Shaorl Cirouil Currentilsc) [&] 10.30 10.38 10.48 10.54 10.62
Maximum Powear Current{Imp) [A] 9.64 a7z 879 9.86 9.93
Module Efficiency [3] 19.6 189 20.2 205 20.8
Power Tolerance D=5
Temperature Coefficient of lsc{o_lsc) +0.044%/7C
Temparatura Coefficient of Voo{B_Woc) 0.272%I°C
Temperalure Coeficient ol Pmax(y_Prp) -0.350%°C
STC Iradiance 1000W{m?, cell temperature 26°C, AM1.5G

alog do nal refer o @ le module and they are nol parl of the offer, They only serve Tor comg:

pn arnong different module bypes,

ELECTRICAL PARAMETERS AT NOCT OPERATING CONDITIONS
JAMBOS10  JAME0ST0  JAMEODS1D  JAMEGOS10  JAMS0S10
TYFE -.'}'.'sﬂ-'F:R -335MR -340MIR -34 ;-MR -35;.'N1FI Maudmum System Voltage  1000V1500% DC{EC)
Rated Max PowenPmas) [W] 219 253 257 261 265 Operating Temperaturs A0 C~+85°C
Open Circuit Voltage(vioc) [V] 38.48 3B68 38.90 39.09 383 Maximum Series Fuse 204
Max Power Vollage{Vimg) [V] 32.02 221 32.40 32 .61 3284 Maximum Static Load,Front 5400Pa
Short Circuit Currentilsc) [4] g.21 B.28 B35 B42 E.49 Meximum Static Load Back 2400Pa
Max Pewer Current{imp) [A] TR T.85 783 B.00 Bar NOCT A547°C
NOCT Irradiance B00WM?, ambient temperature 20°C, Satety Class Glass |
wind spasd 1mis, AM1.0G

CHARACTERISTICS

Currem-Voltage Curve  JAMBOS10-335MWR Power-Vallage Curve  JAMEDS10-335/MR Current-viallage Curve  JAMEDST

Premium Cells, Premium Modules
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