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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.

Q©GEA....... PV Magazine Testing Program Flowchart

CEA randomly selects 5* modules

to be shipped testing. g Supplier/CEA (*) Supbliarsitine !

Supplier applies to CEA a list In order to ensure the integrity of the siipplier packages (G-shock (**) sticke records photos of the bupp Is:‘ B Ipstl e Geplaengineers Is either 1) the
of 2,000 (minimum) serial samples, the supplier must email the EL samples in strong | (| with serial number: > 6%, 20 G-ShiiEk > 0X Wit famp.es caminethe box damaged or
numbers of PV modules of images of the samples to CEA maximum 2 ID is attached on - to Gsola’s lab in ; 2) shock sticker

e R hours after the sample selection, as a proof wooden box theb sticker. XPan box and stickers : .
Ic prOCHCCtyp! of unique sample identity. If the supplier e/box, CEA seals box (*) triggered?
fails to do 50, the random sampling process
will be repeated (allowed once only)
L J
LID test option: CEA engineer witnesses sampling at the factory (*) 1
T T T T e e e e e AlTSmodules™ ~~~ "~~~ """ 777777
A
Gsola engineers
E I D — c B8 A Pmax under STC EL imaging under opens box and Gsola notifiles CEA to
1 module A modulel{optianal) 1 module 1 module 1 module measurements supervision of performs Visual

send engineer for

under supervision CEA, EL images Inspection to IEC 5 -
inspection

of CEA are sent to CEA 61215 10.1.2 and

LeTID test LID test CEA’s QC criteria

Exposure in LeTID Exposure in LID
chamber at least 25 chamber at 80
kWh/ m?, followed by kWh/ m2. CEA
Pmax measurement. supervises the
test initiation

PID test Low irradiance test
96 hours at 85°C, 85% Pmax measurement
RH, at nominal voltage [l at 200 W/m?, 25°C.
(-1,000 V/1,500 V). CEA supervises
CEA supervises the
test initiation

door installation
under CEA
supervision

CEA engineer EL images are Visual defects are

test conditions are recorded and scored according
risk-scored to CEA’s RPN
according to CEA’s methodology
RPN methodology

336 hours at 85°C, current
injection = Isc - Impp.
EL imaging and Pmax EL imaging under

Pmax temperature
coefficient
measurement
(temperature
matrix, Pmax
measurements at 1
sun irradiance, 60°
Pmax under STC 50°C, 40°C, 30°C).
measurement
under CEA’s remote
supervision

CEA remotely Gsola performs EL
monitors system imaging under
values (energy CEA’s remote

after 42, 84, 168, 336 hours. supervision

yield). supervision
Scoring system TBD

Pmax under STC
measurement
under CEA’s remote
supervision

Record the lowest
Pmax and calculate
the power loss.

CEA supervision

Light-soaking precautions:

The modules are required to be light soaked (stabilized).

To avoid accidental exposure of modules to light, Gsola lab will
take measures to store modules in dark conditions when not
handled for testing.

CEA may monitor Gsola’s lab remotely via webcams and CCTV.

CEA remotely CEA remotely
records the values records the values
and scores results and scores results

CEA remotely CEA remotely
records the values records the values
and scores results and scores results
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*  LID 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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2.2. Scoring methodology

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

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:'l‘:):es Method Values :r;egzg;eight 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
o | Ot veuton il |y | Een el | e | =

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 20 80 70 60 50 40 30 20 10 0

Visual inspection

0 0.74 2.20 439 7.30 10.94 15.30 20.39 26.20 32.74 >40
(RPN scores)
EL 'r:cz%z:)RPN 0.00 2.03 4.62 7.75 11.43 15.65 2043 25.75 31.62 38.03 >45.00
FIUCL I <-2.00% -0.02% 1.78% 3.41% 4.87% 6.16% 7.27% 8.21% 8.98% 9.58% >10.00%

loss

Pcrgz:flf;;f >.0.300% | -0.343% | -0.382% | -0.417% | -0.448% | -0.475% | -0.498% | -0517% | -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 18
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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.

2.3. Selection methodology

We follow three testing sample selection methods:
1: Sample randomly selected by CEA from a large production lot
2: Sample purchased from the market by CEA
3: Sample provided by supplier, without random selection

The HY-DH144N8-570 testing samples were selected according to method 3.

Proprietary - Clean Energy Associates, LLC Page 5 of 18



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

Proprietary - Clean Energy Associates, LLC

Sample # Serial number
1 H02012405271CN100049
2 H02012405271CN100007
3 H02012405271CN100011
4 H02012405271CN100010
5 H02012405271CN100009

Table 4 Product information

Model HY-DH144N8-570
Cell technology TOPCon
Cell number 144
Cell format 182x182 mm
Number of busbars 18BB

Junction box

IP68, 3 bypass diodes

Laminate construction

Glass

Bifaciality ratio

80+£10%
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3.1. Visual inspection
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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

T

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

Table 6 Visual inspection results

HY-DH144N8-570 Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 Score Grade
Visual inspection None None None None None 0 100
Proprietary - Clean Energy Associates, LLC Page 7 of 18




3.2. EL image Inspection

The same sample lot was inspected for EL defects.
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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

HY-DH144N8-570 Sample1 | 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
0
HY-DH144N8-570
Runergy
M Visual Grade m EL Grade
Figure 2 Visual and EL inspection results
Proprietary - Clean Energy Associates, LLC Page 8 of 18




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

HY-DH144N8-570 Sample1l | Sample2 | Sample3 | Sample4 | Sample 5 Grade

Front side low irradiance efficiency loss (%) 3.40% 70

Low Irradiance Efficiency Test Grade

100

80

60

40

20

HY-DH144N8-570

Runergy

Figure 3 Low irradiance test result
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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

HY-DH144N8-570 Sample1 | Sample2 | Sample 3 | Sample 4 | Sample 5 Grade

Pmax Temperature coefficient (%/°C) | -0.312% 97

Pmax Temperature Coefficient Test Grade

120

100

80

60

40

20

HY-DH144N8-570

Runergy

Figure 4 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. After PID stressing, the sample is light
soaked for one day outdoors to recover any PID-p (polarization). The remaining degradation is due to other causes, such as
sodium ion migration.

Table 10 PID loss test result

HY-DH144N8-570 Sample1 | Sample2 | Sample 3 | Sample 4 | Sample 5 Grade
Front side PID loss (%) -0.03% 100

PID Loss Test Grade
100

100

80

60

40

20

HY-DH144N8-570

Runergy

Figure 5 PID loss test result
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3.6. LID loss test

Table 11 and Figure 7 depicts the LID loss test results for the front side:

Table 11 LID loss test result

HY-DH144N8-570 Sample1 | Sample2 | Sample 3 | Sample 4 | Sample 5 Grade
Front side LID loss (%) -0.09% 95
LID Grade
100 95

80

60

40

20

HY-DH144N8-570

Runergy

Figure 6 LID loss test result
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3.7. LeTID loss test

Table 12 and Figure 8 depicts the LeTID loss test results:

Table 12 LeTID loss test result

HY-DH144N8-570 Sample1 | Sample2 | Sample 3 | Sample 4 | Sample 5 Grade
Front side LeTID loss (%) 0 100
LeTID Score
100

100
80
60
40
20
0

HY-DH144N8-570

Runergy

Figure 7 LeTID loss test result
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3.8. 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 13 Bifaciality ratio test results

HY-DH144N8-570 Sample 1 | Sample2 | Sample3 | Sample4 | Sample 5 Average
Bifaciality ratio (%) 86.40% 86.37% 86.63% 86.07% 86.23% 86.34%

The bifaciality ratio is calculated from the following formula:

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

Proprietary - Clean Energy Associates, LLC Page 14 of 18
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3.9. Score overview
Figure 8 shows the overview of the test scores. Figure 9 shows the average score.

Test Grades Overview

120

100 100
100 97
80
70

60

40

20

0

HY-DH144N8-570

100

Runergy

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

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

HY-DH144N8-570

Runergy

Figure 9 Average test grade

Proprietary - Clean Energy Associates, LLC Page 16 of 18



Investment Confidence

G)CEA

CLEAN ENERGY ASSOCIATES

Appendix 1 — HY-DH144N8-570 Datasheet

RUNERGY

1113:3 ] HY-DH144N8

570-590W

22.8% N-Type 144 Pieces

Mo Efficiency Bitacial & Dual Glass Half-Cell

EI[Q High Conversion Efficiency

Module efficiency up to 228% based on N-Type waler and
odvanced N-Type cell technology

N

- Excellent Energy Yield

Mare power output in lield oparation due 1o better themal
behaviors, wealk-light parfarmance and bitaciality

I_lz.l Outstanding Anti-degradation

Unsusceptible to LD, LeTiD and less annual degradation
due o spacial charateristics of N-Type

@ Quality Guarantee

High module quality ensures long-term reliability

Years 1 5 Ly ] .l 5 3o

Runergy M=-Type Dual Glass Product Performance Warranty

+ 12 vears warra nty for materials and workmanship

+ 30 vears warranty for extra linear power output

* Ist year 1%, annual degradation «0.4%

IECB1215 [ IECE1730 [ ULEI730 [ IECEI70 [ IECE2716 [ IECE0068 [ 109001 [ 15014001/ 15045001

‘ @ g :é: - ! = VNN PLIMET Y C O
— ( ( @ MITGHIRE =% sales-inform@runergy.com

(=
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RUNERGY HY-DH144N8-570/590

Unit: mmiinch)

Z00.v8) 109621 (531550004
Mechanical Parameters ; I 1t s ]

Salar Cell Mona N-Type 182mm P 1
Na. of Calls 144 (6 24) E
Dimensions ZZ78 = 1154 = SO0mmiE9.69: 4485 = 1180} R fil
Wisight S2kg[70.55bs} | | E
Junction Box IPES rated 2 bypass dicdes) e T_
Gmm? (EC) 12 AWG[UL}
Outputt Cable - =
=& 200mm [(+15.75/-7.87in.) or customized = F |
B A | -
Connector R¥D1 or similar A 'g! E FRE]
Fronk Cover Z.0mm [0L073in. semi-tempered AR glass = 1 | & E g
E-B Frama Section ! | g =
Back Cower 2.0mm [L079in. semi-tempered glass o 212 dle
Container 36 posfPallet, 720 posfad’ HQ | —|a|= 2
s| 4 g { § g 3
=) 1
: B EAEAL
Operating Parameters 144855 |
|
Max Systern Voltage DC 1500V [IECAUL) £ iraallatson Hela 3 g
Operating Temperature  -%0°C - +85'C(-40°F - +1B5°F]
Max. Fuse Rating p-1:LY i
Frontside Max. Loading  5400Pai1121b/#t7) E|_
Backside Max Loading  2400Fai501bf) LT
Bifaciality B0%:10% D Instalation Hake
Fire Resistance IEC Class A T 11B4e2iad G5:0.08)

Electrical Characteristics - 5TC Irradiance 1000 W,

Marimurn Power at STC (PrmasfiW) S50 585 580 E7S 57D
Power Tolerance (W) 0-+5

Dptimum Dperating Voltage (Wmip/v) Ly 45 &5 327 iy Dy 458% 4562
Dptirmum Operating Curment (mipfa) 1328 1535 1517 15312 1207
Dpen Circuit Voltage Voo SL5T 5216 51.97 51.7% 5152
Shart Cincuit Current {iscia) 1583 1585 1380 1578 1570
Module Effickency 22.B% 22 5 2255 22E% 221%

Electrical Characteristics - NMOT  wadiance 800 W/im?. ambient temperature 20 °C, AM1S, wind speed 1 mfs.

Maximum Power at NMOT (P | 4519 G481 AN L4004 AIEE

Optimum Operating Voltage (Wmpdy') 4254 L5t 4217 £1.97 £1.77

Optimum Operating Current {Imp/fa| 1062 1058 1a05% 1oas 1045

Open Circuit Voltage Voo 5014 4554 4376 -1 43.3%

Short Cirowit Current {Isc/a) 1120 L B 11.08 11.04

Curtinl-Woitige & Power-‘dokags Core (SESW)

Rearside Power Gain 5% 15% 2594 = =

Maximurm Power (Priax/w] 614 Cra 731 = s

Diptimum Operating Voltage (Wmp'v) [T %] 457 &4 57 I

Optimum Operating Cwmment (mp/a) 1583 1518 1650

Dipen Circuit Voltage [WocoV] 5218 B2326 5235 E o E

Shart Circuit Cuwrrent (lsc/a) 1654 1530 1728 : -

Madulbe Efficiency Z5.8% 26 1% Z85% ‘3 E

0

-

Hominal Module Operating Termperature L2 82 °C '

Hominal Cell Operating Tem perature 452 °C

Temperature Coefficient of Pmax -0.29%C

Termperature Coefficient of Voo -0.25%C

Temperature Coefficient of lsc DG5Sy C STl I e

HY-DH 1 44MB-Global-Ver3.0

Specifications included in this datasheet are subject to change without notice.
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