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File No.: PVP02093/23P-02

Test Report TUV NORD

Test Report No.: 492011490.006

Applicant........ccccevvviiiiiiiiiiiiiiiinns :

Jiangsu Sunport Power Corp., Ltd.
No.20, Xishi Road, Xinwu District,
Wouxi City, Jiangsu Province, 214028, P.R. China

Manufacturer 1 ........cccceeeeveeeneenn. :

Xuzhou Sunport Power Co. Ltd.
No.1, Fumin Road, High-tech Industrial Development Zone
Pizhou, Jiangsu Province, P.R. China

Manufacturer 2 ........cccooeeevuenneenn. :

Jiangsu Sunport Power Corp., Ltd.
No.20, Xishi Road, Xinwu District,
Wouxi City, Jiangsu Province, 214028, P.R. China

Order NO. .....oveeeiieiiiieeeeeeee :

QT-PVP02093/23P

Date of Application .................... :

02/15/2023

Product .......oovvvviii :

Crystalline Silicon Terrestrial Photovoltaic (PV) Modules

Module type(s).....cccovvrrereeeeianns :

Flexible PV module with 6" Mono-crystalline MWT Solar Cells:
60 cells: SPPXXXM60S(XXX=305-320W, in increments of 5)
144 cells: SPPXXXQH7S(XXX=400-435W, in increments of 5)
132 cells: SPPXXXQHFS(XXX=365-395W, in increments of 5)
126 cells: SPPXXXQHES(XXX=350-380W, in increments of 5)
110 cells: SPPXXXQH110S(XXX=305-330W, in increments of 5)
70 cells: SPPXXXQH70S(XXX=200-205W, in increments of 5)
42 cells: SPPXXXQH42S(XXX=115-125W, in increments of 5)
36 cells: SPPXXXQH36S(XXX=100-110W, in increments of 5)
30 cells: SPPXXXQH1S(XXX=85-90W, in increments of 5)

138 cells: SPPXXXNHGS(XXX=370-400W, in increments of 5)
126 cells: SPPXXXNHES(XXX=340-365W, in increments of 5)
42 cells: SPPXXXNH42S(XXX=115-120W, in increments of 5)
36 cells: SPPXXXNH36S(XXX=95-105W, in increments of 5)

30 cells: SPPXXXNH1S(XXX=80-85W, in increments of 5)

General Information

e Maximum System Voltage....:
e Electrical Protection Class.... :

e Fire Safety Class .................. :

DC 1500V
Class Il
Class C

Type of examination .................. :

Conformity testing with TUV mark

Testing Period ...........ovvvevivennnnes :

03/14/2023 - 08/16/2023

Testing Laboratory..................... :

TUV NORD PV Science and Technology Co., Ltd.

East side 1st Floor (South), Building 11, South Zone of Modern
Industrial Park Wuzhong Science and Technology City, No. 38,
Beiguandu Road Wuzhong District, Suzhou,China

Test results listed in this test report refer exclusively to the mentioned test sample.

Partly copying is not permitted without explicit agreement of the owner.

The submitted test samples as described in the reports hereunder are in compliance with the requirements:
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

IEC / EN 61215-1:2016 “Terrestrial photovoltaic (PV) modules - Design qualification and type approval - Part
1: Test requirements”

IEC / EN 61215-1-1:2016 “Terrestrial photovoltaic (PV) modules - Design qualification and type approval -
Part 1-1: Special requirements for testing of crystalline silicon photovoltaic (PV) modules”

IEC 61215-2:2016 / EN 61215-2:2017 + AC:2017 + AC:2018 “Terrestrial photovoltaic (PV) modules - Design
qualification and type approval - Part 2: Test procedures”

IEC 61730-1:2016 / EN IEC 61730-1:2018 + AC:2018 “Photovoltaic (PV) module safety qualification - Part 1:
Requirements for construction”

IEC 61730-2:2016 / EN IEC 61730-2:2018 + AC:2018 “Photovoltaic (PV) module safety qualification - Part 2:
Requirements for testing”
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Test Report No.: 492011490.006

History of certification

File no. .............: | SHV09035/19

Certificate no....: | 44 780 20 406749 - 145

Date of issue....: | 08/05/2020

Report no. ........: | 492011490.001

Module type(s).: | Flexible PV module with 6" Mono-crystalline MWT Solar Cells:
60 cells: SPPXXXM60S(XXX=305-320W in increments of 5)

Description: .......: | Basic qualification

File no. .............. | PVP01023/21P

Certificate no....:

44 780 20 406749 - 145R1M1 (replaced certificate 44 780 20 406749 - 145)

Date of issue.....:

06/10/2021

Report no. ........:

492011490.002

Module type(s).:

Flexible PV module with 6" Mono-crystalline MWT Solar Cells:
60 cells: SPPXXXM60S(XXX=305-320W in increments of 5)
144 cells: SPPXXXQH7S(XXX=400-435W in increments of 5
126 cells: SPPXXXQHES(XXX=350-380W in increments of 5
42 cells: SPPXXXQH42S(XXX=115-125W in increments of 5
36 cells: SPPXXXQH36S(XXX=100-110W in increments of 5
30 cells: SPPXXXQH1S(XXX=85-90W in increments of 5)
138 cells: SPPXXXNHGS(XXX=370-400W in increments of 5)
126 cells: SPPXXXNHES(XXX=340-365W in increments of 5)
42 cells: SPPXXXNH42S(XXX=115-120W in increments of 5)
36 cells: SPPXXXNH36S(XXX=95-105W in increments of 5)
30 cells: SPPXXXNH1S(XXX=80-85W in increments of 5)

< ~

~ ~—

Description: ......:

Extend to raw materials and related new module types.

File no. ............. :

PVP07036/21P

Certificate no....:

44 780 20 406749 - 145R1M2 (replaced certificate 44 780 20 406749 - 145R1M1)

Date of issue....:

07/22/2021

Report no. ........: | 492011490.003
Module type(s).: | Same as above
Description: ......: Extend to raw material
File no. .............. | PVP12110/22P

Certificate no....:

44 780 20 406749 - 145R2A1M3 (replaced certificate 44 780 20 406749 - 145R1M2)

Date of issue....:

02/06/2023

Report no. ........:

492011490.004

Module type(s).:

Same as above

PV-T-086 TRF 61215 61730
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Description: ......:

Extend to raw materials and related new module types.

File no. ............. :

PVP02093/23P-01

Certificate no....:

44 780 20 406749 - 145R2A1M4 (replaced certificate 44 780 20 406749 - 145R2A1M3)

Date of issue.....:

04/27/2023

Report no. ........ ;| 492011490.005
Module type(s).: | Same as above
Description: ......: Extend to raw materials

Supplementary information: N/A
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Summary of testing

According to the enquiry of the applicant based on the previous certificate 44 780 20 406749 - 145R2A1M4
and test report n0.492011490.005, extend to new raw materials and PV module types listed as below
according to IEC 61215-1:2016, IEC 61215-2:2016, IEC 61215-1-1:2016, IEC 61730-1:2016 and IEC 61730-
2:2016.

New raw materials

- Encapsulation material
Type: TF4(between cell and front cover) / TF4 (between cell and rear cover)
Manufacturer: Hangzhou First Applied Material Co., Ltd.

Module type SPP375QHES (BOM1) was selected as representative test samples and conducted with all the
related tests.

- Rear cover
Type: FFC-JW30 (plus) (black)
Manufacturer: Jolywood (Suzhou) Sunwatt Co., Ltd.

Module type SPP375QHES (BOM2) was selected as representative test samples and conducted with all the
related tests.

New PV module types:
70 cells: SPPXXXQH70S(XXX=200-205W, in increments of 5)

All tests were successfully completed. And factory inspection was performed periodically. Therefore, from the
result of testing and factory inspection, it is recommended that certification should be granted.

Detailed product information are to be found in the CDF (constructional data form) in Annex 1 of this
report.
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Test Report

File No.: PVP02093/23P-02

General remarks

TuV NORD

Test Report No.: 492011490.006

Test item particulars:

Accessories and detachable parts included in the | Clamps
evaluation .......c.uiiiiiiii i
Options included............ccccovveeeveeiiiiciiiieeee e | NIA

Abbreviations used in the report:

HF - Humidity Freeze

TC - Temperature Cycling

DH - Damp Heat

Vmpp - Maximum power voltage

Impp - Maximum power current

Voc - Open circuit voltage

Isc - Short circuit current

FF - Fill Factor

Pmpp - Maximum power

a - Current temperature coefficient

NMOT - Nominal Module Operating Temperature

B - Voltage temperature coefficient

STC - Standard Test Conditions

y - Power temperature coefficient

CTI - Comparative Tracking Index

PTI - Proof Tracking Index

RTI - Relative Temperature Index

RTE - Relative Thermal Endurance index

Tl - Temperature Index

DTI - Distance through insulation

Cl - Clearances

Cr - Creepage distances

PD - Pollution Degree

MG - Material Groups

Possible test case verdicts:

Test case does not apply to the test object..............:

Not Applicable (N/A)

Test object does meet the requirement....................:

Pass (P)

Test object does not meet the requirement..............:

Fail (F)

Other remarks:

The test verdicts presented in this report relate only to the object tested.
This report shall not be reproduced except in full, without the written approval of the issuing testing

laboratory.

“(see Annex #)” refers to additional information appended to the report.

“(see Table #)” refers to a table appended to the report.

Power degradation data expressed in negative value indicates a reduction of maximum power output.
Power degradation data expressed in positive value indicates an increment of maximum power output.

Throughout this report, a point is used as the decimal separator.
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Test Report TUV NORD

File No.: PVP02093/23P-02

General product information
Module type: SPP375QHES

Test Report No.: 492011490.006

Product Electrical Ratings at STC:

Nominal maximum power (Pmax) [W] with tolerance .......: | 375 +3%
Nominal open circuit voltage at (Voc) [V] with tolerance...: | 42.8 £ 3%
Nominal maximum power voltage (Vmpp) [V].....cccccccceeee.t | 35.3
Nominal short circuit current at (Isc) [A] with tolerance.....: | 11.23x5%
Nominal maximum power current (Impp) [A]......cccccceeeeees | 10.62
Product Safety Ratings:

Maximum system voltage [V].........cccceeiviiiiiiiieennceeennl | 1500
Fuse rating [A] ..o | 18

Safety class in accordance with IEC 61140 ......................: | Class Il
Fire safety class........ccccoceeiviiiiiiiiiciiiiveeevveeeeeennn . | Class C

Recommended maximum series module configurations ..:

Written in installation manual

Recommended maximum parallel module configurations :

Written in installation manual
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Testing procedure
Module type: SPP375QHES (BOM1)

Random sampling from production
Prototype submitted by client

New module type

Modifications (if yes, please choose the applicable modification according to the Retesting
Guideline)

Modification to frontsheet

Modification to encapsulation system
Modification to cell technology

Modification to cell and string interconnect material or technique
Modification to backsheet

Modification to electrical termination
Modification to bypass diode

Madification to electrical circuitry

Modification to edge sealing

Modification to frame and/or mounting structure
Change in PV module size

Higher or lower output power (by 10 % or more) with the identical design and size and using
the identical cell process

Increase of over-current protection rating
Increase of system voltage

Change in cell fixing tape

Others

XOXO

Oodd doooooddooxo

[

o
=
5
@
)
7

Description of similarity (differences) between the applied model and the previously tested model:
Extend to new raw materials
- Encapsulation material
Type: TF4(between cell and front cover) / TF4 (between cell and rear cover)
Manufacturer: Hangzhou First Applied Material Co., Ltd.
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File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Module type: SPP375QHES (BOM2)

Random sampling from production
Prototype submitted by client

XOXO

[]

New module type

Modifications (if yes, please choose the applicable modification according to the Retesting
Guideline)

OO0d gduoooooxgooo

o
=
5
(]
@
»

Modification to frontsheet

Modification to encapsulation system
Modification to cell technology

Madification to cell and string interconnect material or technique
Modification to backsheet

Modification to electrical termination
Modification to bypass diode

Modification to electrical circuitry

Modification to edge sealing

Modification to frame and/or mounting structure
Change in PV module size

Higher or lower output power (by 10 % or more) with the identical design and size and using
the identical cell process

Increase of over-current protection rating
Increase of system voltage

Change in cell fixing tape

Others

Description of similarity (differences) between the applied model and the previously tested model:
Extend to black rear cover

PV-T-086 TRF 61215 61730 Page 13 of 131 Version 1.6




TuVNO

Test Report No.: 492011490.006

Test Report

File No.: PVP02093/23P-02

Test sequence

TISh ghLsn _ Zhisn
Buipuoq “odinba 9 Swinjiem Y 96 - B [+
1581 Agissany 10 1531 Aunuiuon _ fpgndassns no
Scmmv_wwmz e « LVLSH/GLION
73zdz0 159) afieyea) Japn
@m% wmwﬂwm“g BILSH/E0 LT
. SOLDN s3juonensuy|
o [NSU| LOWN l— -
Z1ST 10 JuaLBInsEay mc._.m_,,%_w%uc._b n
UOIIIULDD MIIDS 18 20UBLIopa
L01SWE 8LIDN > ¢6L1IDN ZSLSIZL oW
158} Ayjeuonouny *| uonezigess euly (9o p1) 1593
apolp mmm&m J01SWE 8LIDN CSISNZLIDW 2zaaJ) Aypuny g21s i
1521 AyjeUONDUNY ZYLSWPLIDN (581962 L) 1591 I 159 PEOIBAD
LS apoip ssedig 153] SUONBUILLLS) azaaJ) Aypiuny PSLSINOLIDN aUND asiAe Y
afpadieys T 10 SSaUENGoY (LU/UAAMOE)
ZZLSW/60 10N D ] s5Lsh EAAN kelsi
G01S K 1581 20UBINDUS 4 LLIOWN Buiuonpuod pjo9 I 53] ainjesadue |
Bupiiew Jo 1qeINg Jodsa0H 1531 jey gaLshzLIoN ZGLSI/ZLIDW
(sadho01) 1331 5 ZGLSN/ZLIDN (s91940 1) 591
EE%EEE Sz834 }_Egsz (21960 1) 1591 azaaul AYpungy
uooadsu| [ensip, 2zaa4) Aypiuiny T
201SWL a0 1o wm_.mﬁwurko " || LSLSI/LLION T vSLSIN/OL LD
£0LSI/Z0 1O 218 PEO |EOIUEUS (s312/0 05) 12 95LS K (turumiog)
uoneuuLRRp - e dueLopad 13 Buip Ao jeway L Buuoyipuod E31 AN ans
Jamod wnuxey | jeay g I |
I Z6L10N EGLSIEL DN LELSI/L L LOW ¥SLSIW/OLIDN ESLSW/ELLDN KIS
v010M uonezyiqess [eui4 Z5 (4 000L) - (2242 002) 194 (U/UAGE) 551S W (4 002) 2]
U320 “dws) . 15911eay dweg Bu 2 4o |y | 1531 AN Buuompuod plop 1591123y dweq daaud sjeusle
10 JuawaInsea| SCLSIL 810N I [ [ I | I
159 |euuaLyy LIS LISI HASK IS LS LIS
L0100 apoip ssedig 1591 AIIgISS 820V 1591 AlllIgIssa 20y 1531 AINgIssa 20y 153] AjjqIssa 20y 1591 Allgissa ooy 1591 AlNgIsSa00y
111-M0] JE W IopRd I T [ [ T ] I
_ 8010K £L1SI EL1Sn €LLSI ELLSW €IS ELLSK
290101 M09 1S9 L Buipuoq -odinba Buipuoq “odinba Bupuoq “odinba Bupuog odinba Bupuoq -odinba Buipuoq -odinba
L1OWNN 1 "Wiojad ainsodxg Jooping J0 353 Aunuuoy 101531 Aynuuog Jo 153] Aynunuoy 10 1531 Aynunuon J0 1s3) Aynunuop 10 153) A¥nunuon
4 _ _ [ _ _
43y z4 PENE] 3 z3 ra za [2¢] [40] ‘g g v
LLLSI/SLIDN LILSW/SLIDN
153} abeyes| a0 1591 afiexes| 1|9
FLLSI
GLLSW/E0LIDN SLLSW/E0LID I 591 ana
153} UoIENSU| 581 UORENSU| abeyon agindw|
¢0LS /L 90LDW COLSH/0LON
SELSH 7 7 AT 218 uonEULLIZIRP ZELSI 7 _ ALY 7
1531 |92 1531 Ay igeyub) 1B JUBLLIORd Jamod wnuxey afeyealq anpop 153} AUl
bl r / H

L'6LLON

UOIEZIIGEIS [BINU|

9e1sh

yibuans jeays de

FOLSI/ WOLONW

uonpadsu| [ensip

Version 1.6

Page 14 of 131

PV-T-086 TRF 61215 61730



File No.: PVP02093/23P-02

Module group assignment
Module type: SPP375QHES (BOM1)

Test Report

TuV NORD

Test Report No.: 492011490.006

Sample # Serial number Dimension (I x w x h) [mm] Remark
1 41AB20321390 1840 x 1040 x 2.5 REF
2 41AB20330026 1840 x 1040 x 2.5 F2
3 41AB20321375 1840 x 1040 x 2.5 F3
4 41AB20321387 1840 x 1040 x 2.5 C1
5 41AB20321156 1840 x 1040 x 2.5 C2
6 41AB20321386 1840 x 1040 x 2.5 D1
7 41AB20321389 1840 x 1040 x 2.5 D2
8 41AB20321362 1840 x 1040 x 2.5 E1
9 41AB20321357 1840 x 1040 x 2.5 E2
10 41AB20321374 1840 x 1040 x 2.5 F4
11 41AB20321170 1840 x 1040 x 2.5 G
12 41AB20321163 1840 x 1040 x 2.5 I
13 41AB20321164 1840 x 1040 x 2.5 A
14 41AB20321358 1840 x 1040 x 2.5 B
15 41AB20321166 1840 x 1040 x 2.5 B1
16 41AB20330019 1840 x 1040 x 2.5 H
17 41AB20330034 1840 x 1040 x 2.5 H
18 41AB20330021 1840 x 1040 x 2.5 H
19 41AB20330020 1840 x 1040 x 2.5 J

Module type: SPP375QHES (BOM2)

Sample # Serial number Dimension (I x w x h) [mm] Remark
20 40AA29260745 1840 x 1040 x 2.5 F4

PV-T-086 TRF 61215 61730

Page 15 of 131

Version 1.6




Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict
Test result overview
5 Marking and documentation S
5.1 Name Plate -
The module include the following clear and indelible markings: -
a) Name, registered trade name or registered trade | Yes P
mark of manufacturer
b) Type or model number designation Yes P
c) Serial number (unless marked on other part of Laminated inside N/A
product)
d) Date and place of manufacture; alternatively serial | Traceable by SN P
number allowing to trace the date and place of
manufacture
e) Maximum system voltage Yes
f) Class of protection against electrical shock Yes
g) Voltage at open-circuit or Voc including Yes
tolerances.
h) Current at short-circuit or Isc including tolerances |Yes P
i) Module maximum power or Pmax including Yes P
tolerances
- All electrical data is shown as relative to standard |Yes P
test conditions (1000W/m2, 25°C, AM1.5
according to IEC TS 61836).
- International symbols are used where applicable. |Yes P
5.2 Documentation -
5.2.1 Minimum requirements -
- Modules are supplied with documentation Yes P
describing the methods of electrical and
mechanical installation as well as the electrical
ratings of the module
- The documentation states the class of protection |Yes P
against electrical shock under which the module
has been qualified and any specific limitations
required for that class.
- The documentation assures that installers and Yes P
operators receive appropriate and sufficient
documentation for safe installation, use, and
maintenance of the PV modules.
5.2.2 Information to be given in the documentation -
a) All information required under 5.1 e) to i) Yes P
b) Reversed current rating in accordance to IEC / EN 61730-2 -
- Overcurrent protection device type and rating are |Yes P
e.g. given in IEC 60269-6.
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict

- Maximum series / parallel module configurations |Yes P
is recommended

c) Manufacturer’s stated tolerance for Voc, Iscand |Yes P
maximum power output under standard test
conditions

d) Temperature coefficient for voltage at open-circuit | Yes P

e) Temperature coefficient for maximum power Yes P

f) Temperature coefficient for short-circuit current Yes P

- All electrical data mentioned above is shown as Yes P
relative to standard test conditions (1000W/m?2,
25°C, AM1.5 according to IEC TS 61836).

9) Nominal module operating temperature (NMOT) is | Yes P
specified

h) Performance at NMOT (MQT 06.2) is specified Yes

i) Performance at low irradiance (MQT 07) is Yes
specified

- International symbols are used where applicable |Yes

- Compliance is checked by inspection and MQT 04 | Yes
through MQT 07.

The electrical documentation include a detailed description of the electrical installation wiring -

method to be used, including:

i) The minimum cable diameters for modules Yes P
intended for field wiring

k) Any limitations on wiring methods and wire Yes P
management that apply to the wiring compartment
or box;

1) The size, type, material and temperature rating of |Yes P
the conductors to be used

m) Type of terminals for field wiring Yes P

n) Specific PV connector model/types and Yes P
manufacturer to which the module connectors are
mated

0) The bonding method(s) to be used (if applicable); |Yes P
all provided or specified hardware is identified in
the documentation

p) The type and ratings of bypass diode to be used |Yes P
(if applicable)

q) limitations to the mounting situation (e.g., slope, Yes P
orientation, mounting means, cooling)

r) A statement indicating the fire rating(s) and the Yes P
applied standard as well as the limitations to that
rating (e.g., installation slope, sub structure or
other applicable installation information)
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause

Requirement + Test

Result - Remark

Verdict

A statement indicating the design load per each
mechanical means for securing the module as
evaluated during the static mechanical load test
according to MQT 16. At discretion of the
manufacturer the test load and/or the safety factor
ym may be noted, too

Yes

The installation instructions include relevant
parameters specified by manufacturer or the
following statement or the equivalent:

"Under normal conditions, a photovoltaic module
is likely to experience conditions that produce
more current and/or voltage than reported at
standard test conditions. Accordingly, the values
of ISC and VOC marked on this module should be
multiplied by a factor of 1,25 when determining
component voltage ratings, conductor current
ratings, and size of controls connected to the PV
output.”

Yes

5.2.3 Assembly instructions

These are provided with a product shipped in
subassemblies, and are detailed and adequate to
the degree required to facilitate complete and safe
assembly of the product

Yes

Supplementary information: N/A
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause

Requirement + Test

Result - Remark

Verdict

7 Pass criteria

7.1 General

If two or more modules fail to meet the following
test criteria, the design is deemed not to have met
the qualification requirements

No

Should one module fail any test, two additional
modules meeting the requirements of Clause 4 is
subjected to the entire series of tests of the
respective test sequence. If one or both of these
modules also fail, the design is deemed not to
have met the qualification requirements. If,
however, both modules pass the test sequence,
the design is judged to have met the qualification
requirements.

No

A module design is judged to have passed the

qualification tests and therefore to be approved
according to this standard, if each test sample

meets all of the following criteria.

Yes

7.2 Power output and electric circuitry

7.2.1 Verification of rated label values (Gate No. 1)

After stabilization, each individual module meets:

jm 11%] It111%
Puax(Lab) - (1+ 788 > p o (vp) - (12050

Yes

After stabilization:

_ Imy [[%]
Pmax(Lab)-<1+ 1100

) 2 Prax(NP)

Yes

After stabilization, each individual module meets:

Im,|[%] [t2][%]
100 >SV"C(NP)'<1+ 100)

Voc(Lab) - (1 +

Yes

After stabilization, each individual module meets:

% %
'mf(l)[o ]> < Isc (NP) - <1 + 'tilo[o ]>

Isc(Lab) - <1 +

Yes

7.2.2 Maximum power degradation during type approval testing (Gate No. 2)

At the end of each test sequence or for sequence
B after bypass diode test, each test sample
meets:

r[%]
Prax(Lab_Gate#2) = 0.95 x Py, (Lab_Gate#1)-{ 1 —

100

Yes

7.2.3 Electrical circuitry

Samples are not permitted to exhibit an open-
circuit during the tests

No open-circuit observed.

PV-T-086 TRF 61215 61730 Page 19 of 131

Version 1.6




Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict

7.3 Visual defects -

- There is no visual evidence of a major defect. Yes P

7.4 Electrical safety -

- The insulation test (MQT 03) requirements are Yes P
met after the tests
- The wet leakage current test (MQT 15) Yes P

requirements are met at the beginning and the
end of each sequence.

- Specific requirements (IEC 61215-1-1) of the Yes P
individual tests are met.

Supplementary information: N/A
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict
Module type: SPP375QHES (BOM1)
Initial examinations
MQT19.1 Initial stabilization............cccoii, : | Performed by testing

lab, see table 4.19.5

MQTO01/MSTO1 Visual iNSPection ... . | See table 4.1 & 10.2 P
MQT06.1/MST02 | Performance at STC (Gate #1)........c..cecveeeennnne. . | See table 4.6.1 P
MQT03/MST16 Insulation test..........coooviieiic e, . | See table 4.3 & 10.13 P
MQT15/MST17 Wet leakage currenttest..........ccoooiiiiiiiiinnns . | See table 4.15 & 10.14 P
MQTO02/MSTO03 Maximum power determination................ccc....... . | See table 10.4 P
MST13 Continuity test for equipotential bonding ........... : N/A N/A
MST11 Accessibility test..........coooviiiiiiii . | See table 10.9 P
Sample 1# -
MQTO04 Measurement of temperature coefficients ......... . | See table 4.4 -
MQTO06.2 Performance at NMOT.........ccccooiiiiiiniecieee : | N/A N/A
MQTO7 Performance at low irradiance.............ccccocueeee . | See table 4.7 -
Sample 2# -
MQTO08 Outdoor exposure test .........cccceeviiieeeiiieneeee, . | See table 4.8
MQT18.1/MST25 | Bypass diode thermal test ............cccceeeviienennnne. . | See table 4.18.1
Sample 3# -
MQT09/MST22 Hot spot endurance test .........cccooiiiiiiiies . | See table 4.9
MQT18.2/MSTO7 | Bypass diode functionality test .......................... . | See table 4.18.2
Sample 4# -
MQT10/MST54 UV preconditioning test (15kWh/m?) ................. . | See table 4.10 P
MQT11/MST51 Thermal cycling test (50 cycles) ........ccccceeeneee. . | See table 4.11 P
MQT12/MST52 Humidity freeze (10 cycles) ......cccccvevvceveeeninnnnn. . | See table 4.12 P
MQT14.1/MST42 | Retention of junction box on mounting surface.: | See table 4.14.1 P
MQT14.2/MST42 | Test of cord anchorage............cccoocccveiniienennne. ;| N/A N/A
MST12 Cut susceptibility test........ccccceeeiiiiiiiee . | See table 10.10 P
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict
Sample 5# -
MQT10/MST54 UV preconditioning test (15kWh/m?) ................. . | See table 4.10 P
MQT11/MST51 Thermal cycling test (50 cycles) ........ccocceeenneee. . | See table 4.11 P
MQT12/MST52 Humidity freeze (10 cycles) ......ccoccvvvviveeeeninnnnn. . | See table 4.12 P
Sample 6# -
MQT11/MST 51 Thermal cycling test (200 cycles) .........cccce...... . | See table 4.11
MST12 Cut susceptibility test........ccccceeeeiiiiiiie . | See table 10.10
Sample 7# -
MQT11/MST 51 Thermal cycling test (200 cycles) .........cccee...... . | See table 4.11 P
Sample 8# -
MQT13/MST53 Damp heat test (1000h)........ccovcvveiiiiiiieiiieen, . | See table 4.13
MQT16/MST34 Static mechanical load test...........cccceevieeennnen. . | See table 4.16
MQT19.3 Stress-Specific Stabilization - BO LID ............... ;| N/A N/A
MST12 Cut susceptibility test........ccccceeeeiiiiiiiiee . | See table 10.10 P
Sample 9# -
MQT13/MST53 Damp heat test (1000h)........ccceecveeiiiiiiieeiieen, . | See table 4.13
MQT17 Hail test ... . | See table 4.17
MQT19.3 Stress-Specific Stabilization - BO LID ............... ;| N/A N/A
Sample 10# -
MST21 Temperature test .......ccccccovvvciiieeee e, . | See table 10.15
MST26 Reverse current overload test ............cccccoooee. : | See table 10.20
Sample 11# -
MST14 Impulse voltage test...........cccoiieiiiiiii s : | See table 10.12 P
Sample 12# -
MST32 Module breakage test ...........cccoiiiiiiiiiiininnnn, : | See table 10.21 P
Sample 13# -
MST37 Materials creep test ... : | See table 10.26 P
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict
Sample 14# -
MQT13/MST53 Damp heat test (200N).......ccccevvviiieiiiiiiieeienn . | See table 10.30 P
MQT10/MST54 UV preconditioning test (front side, 60kWh/m?).: | See table 10.31 P
MQT12/MST52 Humidity freeze (15t round, 10 cycles)............... . | See table 10.29 P
MQT10/MST54 UV preconditioning test (back side, 60kWh/m?) : | See table 10.31 P
MQT12/MST52 Humidity freeze (2" round, 10 cycles) .............. . | See table 10.29 P
MST12 Cut susceptibility test........ccccceeeeiiiiiiie . | See table 10.10 P
Sample 15# -
MST55 Cold conditioning (15t round)........cccccccevvveeennnne. . | See table 10.32 P
MST56 Dry hot conditioning..........cccceeeeiiiciiiieeee e . | See table 10.33 P
MQT12/MST52 Humidity freeze (15t round, 10 cycles)................ . | See table 10.29 P
MST55 Cold conditioning (2" round).......cccccccevvveeeennnen. . | See table 10.32 P
MQT12/MST52 Humidity freeze (2" round, 10 cycles) .............. . | See table 10.29 P
MST12 Cut susceptibility test........ccccceeeeiiiiiiiiee . | See table 10.10 P
Sample 16#, 17#, 18# -
MST23 Fire test.. ..o . | See table 10.17 P
Sample 19%# -
MST24 Ignitability test ..., . | See table 10.18 P
Final examinations -
MQT06.1/MST02 | Performance at STC (Gate #2)............ccceeenneee. . | See table 4.6.1 P
MQT03/MST16 Insulation test..........coooviiiii . | See table 4.3 P
MQT15/MST17 Wet leakage currenttest.........ccocoeeiiiiiiiiinnnn, : | See table 4.15 P
MST13 Continuity test for equipotential bonding ........... | N/A N/A
MST11 Accessibility test..........ocoooiiiii e, : | See table 10.9 P
- 48-96h wait time - -
MQT02/MST03 Maximum power determination.......................... : See table 10.4 P
MQTO01/MSTO1 Visual inspection ... : | See table 10.2 P
MSTO05 Durability of markings .........ccccccevviiiiiininennn, : | See table 10.6 P
MSTO06 Sharp edge test........coviiiiii : | See table 10.7 P
MQT18.2/MSTO7 | Bypass diode functionality test ................c........ . | See table 10.19 P
MST33 Screw connections test..........ccccoviiiiiiien e, | N/A N/A
MSTO04 Insulation thickness test ...........cccccoiiiiins . | See table 10.5 P
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Test Report

File No.: PVP02093/23P-02

TuV NORD

Test Report No.: 492011490.006

Clause Requirement + Test Result - Remark Verdict
MST35 Peeltest ... : | N/A N/A
Module type: SPP375QHES (BOM2)

Initial examinations =
MQT19.1 Initial stabilization............cccooiii, | N/A N/A
MQTO01/MSTO1 Visual iNSPection ... . | See table 4.1 & 10.2 P
MQT06.1/MST02 | Performance at STC (Gate #1)........c.ccecveeeennnne. : N/A N/A
MQT03/MST16 Insulation test..........coooviiiiiii e, : | See table 4.3 & 10.13
MQT15/MST17 Wet leakage currenttest.........cccooiiiiiiinnnns . | See table 4.15 & 10.14
MQTO02/MSTO03 Maximum power determination................ccc....... . | See table 10.4

MST13 Continuity test for equipotential bonding ........... : N/A N/A
MST11 Accessibility test..........coooiiiiiiiii : N/A N/A
Sample 20# -
MST21 Temperature test .......ccccccoveviiieeee e . | See table 10.15 P
MST26 Reverse current overload test .............cccceveeeee : | N/A N/A
Final examinations -
MQT06.1/MSTO02 | Performance at STC (Gate #2)...........ccccveeenneee. : N/A N/A
MQT03/MST16 Insulation test..........coooviieiic e, . | See table 4.3 P
MQT15/MST17 Wet leakage currenttest..........ccoooiiiiiiiiinnns . | See table 4.15 P
MST13 Continuity test for equipotential bonding ........... : N/A N/A
MST11 Accessibility test..........coooviiiiiiii : N/A N/A
- 48-96h wait time - -
MQTO02/MSTO03 Maximum power determination................ccc....... . | See table 10.4 P
MQTO01/MSTO1 Visual iNSPection ... . | See table 10.2 P
MSTO05 Durability of markings ..........cccccceeeeiiieciieeeeee, . | See table 10.6 P
MST06 Sharp edge test.......cccoviiiiiiiiiii e, . | See table 10.7 P
MQT18.2/MSTO7 | Bypass diode functionality test ..............c........... . | See table 10.19 P
MST33 Screw connections test..........cccoeeevciiiiciees : | N/A N/A
MST04 Insulation thickness test ...........ccccocviiiiiiieenn : | N/A N/A
MST35 Peeltest ... : | N/A N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
Test results of IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2
Module type: SPP375QHES (BOM1)
4.1 Visual inspection (initial) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]....cccoocceeeeeeet 103/14/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
1 No visual defects P
2 No visual defects P
3 No visual defects P
4 No visual defects P
5 No visual defects P
6 No visual defects P
7 No visual defects P
8 No visual defects P
9 No visual defects P
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test

Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2
Clause Requirement + Test Result - Remark Verdict
4.19.5 Stabilization (initial) - MQT19.1 =
Sample #....coooveiiiee e 1 -
Light exposure method......................... [] Solar simulator / [X] Natural sunlight / [] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m2] [°C] [Q] (W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 366.5 - -
1(P2) 5.0 >500 50£10 MPPT 366.6 - -
2(P3) 5.0 >500 50£10 MPPT 366.6 0.39 Yes
Sample #....coooeeeeeee e 2 -
Light exposure method..............c.c........ [] Solar simulator / [X] Natural sunlight / [ ] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Testcycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m?2] [°C] [Q] W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 366.1 - -
1(P2) 5.0 >500 50+10 MPPT 366.6 - -
2(P3) 5.0 >500 50+10 MPPT 366.6 0.39 Yes
Sample #....ooo 3 -
Light exposure method......................... [] Solar simulator / ] Natural sunlight / [] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m?2] [°C] [Q] W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 367.1 - -
1(P2) 5.0 >500 50+10 MPPT 367.2 - -
2(P3) 5.0 >500 50+10 MPPT 367.2 0.48 Yes
Sample #...oooo 4 -
Light exposure method......................... [] Solar simulator / ] Natural sunlight / [] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m2] [°C] [Q] (W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 365.8 - -
1(P2) 5.0 >500 50£10 MPPT 365.9 - -
2(P3) 5.0 >500 50£10 MPPT 365.9 0.44 Yes
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006
IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2
Clause Requirement + Test Result - Remark Verdict
Sample #......cccovveeveeeeeieceeee e | D -
Light exposure method......................... [] Solar simulator / [X] Natural sunlight / [] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m?] [°C] [Q] W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 367.0 - -
1(P2) 5.0 >500 50£10 MPPT 367.1 - -
2(P3) 5.0 >500 50£10 MPPT 367.2 0.43 Yes
Sample#......cccoovveeeeeeeiicieeeee . | B -
Light exposure method..............c.c........ [] Solar simulator / [X] Natural sunlight / [ ] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Testcycle | Integrated Irradiance Module Resistive Pmpp atthe | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m?2] [°C] [Q] W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 366.9 - -
1(P2) 5.0 >500 50+10 MPPT 366.9 - -
2(P3) 5.0 >500 50+10 MPPT 367.0 0.44 Yes
Sample #....ooo 7 -
Light exposure method......................... [] Solar simulator / ] Natural sunlight / [ ] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m2] [°C] [Q] (W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 366.7 - -
1(P2) 5.0 >500 50+10 MPPT 366.8 - -
2(P3) 5.0 >500 50+10 MPPT 366.8 0.47 Yes
Sample #...oooo 8 -
Light exposure method......................... [] Solar simulator / ] Natural sunlight / [] Others -
Test date [MM/DD/YYYY]/ start - end .: | 03/14/2023 - 03/20/2023 -
Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kWh/m?] [W/m?] [°C] [Q] W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 367.0 - -
1(P2) 5.0 >500 50£10 MPPT 366.9 - -
2(P3) 5.0 >500 50£10 MPPT 367.0 0.38 Yes
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Test Report TUV NORD

Test Report No.: 492011490.006
IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test

File No.: PVP02093/23P-02

Result - Remark Verdict

Sample#......cccovveeeeeeeeeiceeeee e |9

Light exposure method

cerveersiessint | ] Solar simulator / [X] Natural sunlight / [] Others
Test date [MM/DD/YYYY] / start - end .: |03/14/2023 - 03/20/2023

Test cycle | Integrated Irradiance Module Resistive Pmpp at the | (Pmax - Pmin) / | Stable?
irradiation temperature load end of cycle Paverage
[kKWh/m?] [W/m?] [°C] [Q] [W] [%] [Y /' N]
Initial(P1) N/A N/A N/A N/A 367.1 - -
1(P2) 5.0 >500 5010 MPPT 367.2 - -
2(P3) 5.0 >500 5010 MPPT 367.2 0.49 Yes
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.6.1 Performance at STC (after initial stabilization, Gate #1) - MQT06.1/MST02 =
Test date [MM/DD/YYYY]......cccovveveeeet [ 03/20/2023 -
Testmethod.........c.cccoveceevvveveeeveeeees. | X Simulator / [[] Natural sunlight -
Irradiance [W/m?]...........cccoceeeeeveeeeennen. . | 1000 -
Module temperature [°C]...........c..eee....s | 25.0 -
Phax(lab) lower limit [W] .......................: | 354.9 -
Prax(1ab) lower limit [W] ........................ | 365.9 -
Voc(lab) upper limit [V]...ccccoovivieieen. . 143.69 -
Isc(lab) upper limit [A] ....ovvveeeeeeieiee ;| 11.51 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -

1 43.09 36.10 10.73 10.16 366.6 79.30 P
2 43.05 36.06 10.69 10.14 365.7 79.47 P
3 43.09 36.07 10.74 10.18 367.2 79.34 P
4 42.99 36.00 10.72 10.16 365.9 79.40 P
5 43.02 36.10 10.74 10.17 367.2 79.45 P
6 43.09 36.09 10.72 10.17 367.0 79.44 P
7 43.09 36.10 10.73 10.16 366.8 79.37 P
8 43.07 36.07 10.74 10.17 367.0 79.31 P
9 43.09 36.12 10.72 10.17 367.2 79.47 P
Average - - - - 366.7 - P

Supplementary information: The limit value is calculated through considering the tolerance of rated label values

and lab measurement uncertainty.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.3 Insulation test (initial) - MQT03/MST16 =
Test date [MM/DD/YYYY]......cccccveeeeeet 1 03/20/2023 -
Test voltage applied [V]..........cccceeceee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

1 20.9 >1000 No P
2 20.9 >1000 No P
3 20.9 >1000 No P
4 20.9 >1000 No P
5 20.9 >1000 No P
6 20.9 >1000 No P
7 20.9 >1000 No P
8 20.9 >1000 No P
9 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006
IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.15 Wet leakage current test (initial) - MQT15/MST17 -
Test date [MM/DD/YYYY]......ccccoveeeeeet | 03/20/2023 -
Test voltage applied [V]...........ccceeee......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: |2036 -
Solution temperature [°C]/ 2242 .......... |22.7 -
Sample # Required [MQ] Measured [MQ] -
1 20.9 >1000 P
2 20.9 >1000 P
3 20.9 >1000 P
4 20.9 >1000 P
5 20.9 >1000 P
6 20.9 >1000 P
7 20.9 >1000 P
8 20.9 >1000 P
9 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
1.91m2.
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006
IEC / EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2
Clause Requirement + Test Result - Remark Verdict

4.4 Measurement of temperature coefficients - MQT04 -

Test date [MM/DD/YYYVY]......cccceeeueeeeet [ 07/12/2023 -

Ambient temperature [°C] / high - low...: |25 -

Module temperature [°C] / high - low....: |55.1-25.2 -

Irradiance [W/m?] / high - low................. | 1000 - 999.2 -
Sample # a [%/°C] B [%/°C] 0 [%/°C] -
1 0.049 -0.277 -0.362 -

Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report TUV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.7 Performance at low irradiance - MQT07 =
Test date [MM/DD/YYYY].....ccceoveveee . | 07/12/2023 -
Test method..........cccccceveeveeveveeenenenn s | L] Directly measured

X] Data corrected to a 25°C cell temperature and 200 -
W/m? irradiance
Irradiance [W/m?]...........ccceeeeevcveeeeeennn. | 200 -
Ambient temperature [°C].....................t | 25.1 -
Module temperature [°C]....................... [ 25.0£0.2 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -
1 40.25 34.60 2.16 2.04 70.5 80.99 -
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.8 Outdoor exposure test - MQT08 -
Sample #......oooecieieeeeeeeeeee el |2 -
Test date [MM/DD/YYYY]......c...cceee.... s | 05/09/2023 - 06/05/2023 -
Total irradiation dosage [kWh/m?2]......;: [60.0 -
Supplementary information: N/A
4.1 Visual inspection (after outdoor exposure test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 06/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

2 No visual defects P
Supplementary information: N/A
4.15 Wet leakage current test (after outdoor exposure test) - MQT15/MST17 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 06/06/2023 -
Test voltage applied [V]...........ccceeee......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .......... |22+2 -
Sample # Required [MQ] Measured [MQ] -

2 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.18.1 Bypass diode thermal test - MQT18.1/MST25 =
Sample #......oooecieieeeeeeeeeee el |2 -
Test date [MM/DD/YYYY].......cccceeueeee..s | 07/06/2023 -
Module temperature [°C]..........ccccveeeeee.s |75 -
Number of diodes in junction box .......... |3 -
Diode manufacturer............................... | Jiangsu Tonglin Electric Co., Ltd. -
Diode type designation..........................  |PT001D-20 -
Max. permissible junction temperature 200 (according to datasheet) )
ijax [OC]

Step 1, determination of Vp versus Tj characteristic -
Diode #.....viieeieeeeeeeeeeeet | 1 -
Temperature [°Cl.....vveeeiiiiiieeeeel 30x2°C 50+2°C 70+2°C 90+2°C -
,[Ag]ment temperature of the junction box 30+ 2 50 + 2 70+ 2 90 + 2 _
Pulsed current [A] ......eeiiiiiieee. : 10.50 10.57 10.58 10.68 -
Voltage drop [V] ..ccceeeeeeeeiiieeeel 0.4154 0.3934 0.3715 0.3488 -
Vb versus Tj characteristic....................: Vb =-10.20*10* T, + 0.4526 -
Diode #.....oieeeeeeeeeee D |2 -
Temperature [°Cl...vveeiiiiiiieeeeeel 30x2°C 50+2°C 70+2°C 90+2°C -
,[Ag]ment temperature of the junction box 30+ 2 50 + 2 70+ 2 90 + 2 _
Pulsed current [A] ......eviiiiiiieee. : 10.50 10.57 10.58 10.68 -
Voltage drop [V] ..ccceeeeeeeeeieiieeeel 0.4132 0.3902 0.3681 0.3459 -
Vb versus Tj characteristic...................: Vb =-10.20*104 T, + 0.4504 -
Diode #.....ccoeeeeeeeeeeeeeeeee s |3 -
Temperature [°Cl.....vveeeiiiiiieeeeel 30x2°C 50+2°C 70+2°C 90+2°C -
,[Ag]ment temperature of the junction box 30+ 2 50 + 2 70+ 2 90 + 2 _
Pulsed current [A] ......eviiiiiiieee. : 10.50 10.57 10.58 10.68 -
Voltage drop [V] ..ccceeeeeeeeeieiieeeel 0.4085 0.3855 0.3632 0.3409 -
Vb versus Tj characteristic....................: Vb =-10.20*10* T, + 0.4460 -
Step 2, bypass diode thermal test -
Diode #....eeeeeeeee el 1 2 3 -
Current flow applied [A] ....ccvveeeieiinnnee : 10.71 10.71 10.71 -
Voltage drop [V] after 1h......................: 0.2808 0.2726 0.2830 -
ClalcuLated max. junction temperature . 141.50 148.17 135.82 _
chalc[ C] ................................................
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test

Result - Remark Verdict
Tjcalc < Timax? cveeeeereeeeeeiieeeeeiieeeeesieeees Yes Yes Yes P
Current flow (1.25 x ISC) [A] c.eveviivveeennnt 13.32 13.32 13.32 -
Bypass diode remains functional?.......: Yes Yes Yes P

Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.1 Visual inspection (after bypass diode thermal test) - MQT01/MST01 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

2 No visual defects P
Supplementary information: N/A
4.15 Wet leakage current test (after bypass diode thermal test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......ccceeeeee. s | 07/06/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .........; |22+2 -
Sample # Required [MQ] Measured [MQ] -

2 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.18.2 Bypass diode functionality test (after bypass diode thermal test) - MQT18.2/MSTO07 -
Sample #.....oooceiieeeeeeee e D2 -
Test date [MM/DD/YYYY]..ccovoveveennnnen. . |07/06/2023 -
[ ] Method A -
Ambient temperature [°C]...................... [N/A -
Current flow applied [A] ......oevveeeeienneee. . |N/A -
VFMrated [V] N/A =
N X VEMrated [V] N/A =
Measured VEM [V].....cccoocceveeevveccce . |NFA N/A
X Method B -

Diode # IV curve after shading
1 = : TN
o B
1;]0 4‘ o \\\‘
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0 %0/25 50 7 100 125 150 175 200 225 250 275 3;7:5}?5%??5
2 e P
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125 2 // \\
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B B e ——
00 2.5 50 7.5 100 125 150 17.5 ,00“(3),5 250 275 300 325 350 375 400 425
3 — P
200 9 Y //A\
175 8 // \\‘ /// .\\
100 j e ‘i
75 s n
50 2 ! \\
7; ; / ;\
00 25 50 75 100 125 150 175 200“(5)25 250 27.5 300 325 350 37.5 400 425
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.9 Hot-spot endurance test - MQT09/MST22 -
Sample #......coccveeeeeeeeecieeee e |3 -
Test date [MM/DD/YYYY] / start - end..: |07/06/2023 -
Cell interconnection circuit...................: |[]1S/[]SP/[X SPS -
Irradiance during each cycle [W/m?]...... | 1000 -
Test duration for each cycle [hour] ...... I -
Module temperature at thermal 53.6-49.8 )
equilibrium in each cycle [°C] ...............

Maximum measured cell temperature of |B21:77.6
cell with lowest shunt resistance =
adjacent to the edge [°C] ......cceeeeenniiit
Shading rate of cell with lowest shunt B21: 5 i
resistance [%] ccvveeeeeiiiiiee e
Maximum measured cell temperature of |F3:.86.5
other 2 cells with lowest shunt F21: 63.9 =
resistance[°Cl ...oooveriiiiiieieee e
Shading rate of the other 2 cells with F3:.10
lowest shunt resistance [%)]................. |F21: 10 )
Maximum measured cell temperature of |E7: 95.4 )
cell with highest shunt resistance [°C].:
Shading rate of cell with highest shunt  |E7: 5 _
resistance [%] .coveeeeeiiiiiiee
Supplementary information: Position of solar cells (front side view):
1 2 3 4 20 21
A
B o
c
C g
S
D o
o
E X
F
4.1 Visual inspection (after hot-spot endurance test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......c.c.eeueeee..s | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
3 No visual defects P
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.2 Maximum power determination (after hot-spot endurance test) - MQT02/MST03 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 07/06/2023 -
Ambient temperature [°C]...................... | Corrected to 25.0 -
Irradiance [W/m?]...................ccuve....eee.. . | Corrected to 1000 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -

3 43.03 36.14 10.77 10.20 368.8 79.61 -
Supplementary information: N/A
4.15 Wet leakage current test (after hot-spot endurance test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......ccceeeeee. s | 07/06/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/ 2212 .........: 22+2 -
Sample # Required [MQ] Measured [MQ] -

3 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.18.2 Bypass diode functionality test (after hot-spot endurance test) - MQT18.2/MST07 -
Sample #......coccveeeeeeeeecieeee e |3 -
Test date [MM/DD/YYYY]..ccovoveveennnnen. . |07/06/2023 -
[ ] Method A -
Ambient temperature [°C]...................... [N/A -
Current flow applied [A] ......oevveeeeienneee. . |N/A -
VFMrated [V] N/A =
N X VEMrated [V] N/A =
Measured VEM [V].....cccoocceveeevveccce . |NFA N/A
X Method B -

Diode # IV curve after shading the string
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0.0 2.5 50 7.5 2.5 5. 5 2 U(\.’,)/ 5 25 27.5 2.5 5. 5 2.5
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00 1:‘ - ) A V\\
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00 2.5 50 7.5 100 125 150 175 20.0U (\/2)2.5 250 275 300 325 350 375 400 425
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.10 UV preconditioning test - MQT10 & MST54 =
Sample #.......cccevvveeeeeieeiciiieeeeeeeeeeeenns. |4, 5 -
Test date [MM/DD/YYYY]/ start - end..: |05/19/2023 - 05/23/2023 -
Module temperature [°C] / high - low....: |61.8-57.3 -
UV irradiance (280-400nm) [W/m?]........ [143.5 -
Ratio of UV irradiance (280-320nm) (%) |N/A )
Total dosage of UV irradiation (280- 15.0 )
400nm) [KWh/m2].......coovveeiieiieecee
Module operation condition .................: |[X] Short circuited / [] Pmax -
Supplementary information: N/A
4.1 Visual inspection (after UV preconditioning test) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY]....ccccccvveeeeet 1 05/23/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

4 No visual defects
5 No visual defects
Supplementary information: N/A
4.15 Wet leakage current test (after UV preconditioning test) - MQT15/MST17 -
Test date [MM/DD/YYYVY]....ccccccveeeeeet 1 05/23/2023 -
Test voltage applied [V]........ccccccceeeeeeei.t | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/22+2 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -
4 20.9 >1000 P
5 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.11 Thermal cycling 50 test - MQT11 & MST51 =
Test date [MM/DD/YYYY]/ start - end..: |05/24/2023 - 06/01/2023 -
Total cycles .......ccccuvvveevvrereneeniiriiiiinnnnns |50 -
Current applied [A] ........cccceeeeeeevevneeeee.. .| 10.13 during the heat up stage from -40°C to 80°C _

0.05during others
Sample # Open circuits? -
4 No
5 No
Supplementary information: N/A
4.1 Visual inspection (after thermal cycling 50 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......cccovveveeeees 1 06/01/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
4 No visual defects
5 No visual defects
Supplementary information: N/A
4.15 Wet leakage current test (after thermal cycling 50 test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......cccovveveeees 1 06/01/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .........; |22+2 -
Sample # Required [MQ] Measured [MQ] -
4 20.9 >1000 P
5 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is

1.91m2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.12 Humidity freeze 10 test - MQT12 & MST52 =
Test date [MM/DD/YYYY]/ start - end..: |06/11/2023 - 06/21/2023 -
Total cycles .......cccccvvveeveveeenernnenirnennnnnees |10 -
Current applied [A] .......ccccevevveeeeeeenennn s | 0.05 -
Sample # Open circuits? -

4 No
5 No
Supplementary information: N/A
4.1 Visual inspection (after humidity freeze 10 test) - MQT01/MST01 -
Test date [MM/DD/YYYY]....cccccovveeeees 1 06/21/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
4 No visual defects
5 No visual defects
Supplementary information: N/A
4.15 Wet leakage current test (after humidity freeze 10 test) - MQT15/MST17 -
Test date [MM/DD/YYYY].....ccccovveeeees 1 06/21/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .........; |22+2 -
Sample # Required [MQ] Measured [MQ] -
4 20.9 >1000 P
5 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report TUV NORD

Test Report No.: 492011490.006

IEC /EN 61215-1, IEC / EN 61215-1-1 & IEC / EN 61215-2

Clause Requirement + Test Result - Remark Verdict
4.14.2 Retention of junction box on mounting surface - MQT14.1/MST42 =
Sample#.....ccoovveeveeeeeiieeee . | 4 -
Test date [MM/DD/YYYY].....cccccceeveeee.s | 06/21/2023 -
Applied force in all directions parallel to |40
the mounting surface parallel to the =
module edges [N] ....ccccieiereeeiiiee
Applied force in a direction 40
perpendicular to the mounting surface -
INT oo :

Supplementary information: N/A

4.1 Visual inspection (after retention of junction box on mounting surface) - MQT01/MSTO01 -

Test date [MM/DD/YYYY]......cccccceeueeee..s | 06/21/2023 -

Sample # Nature and position of initial findings - comments or attach photos -
4 No visual defects P

Supplementary information: N/A

4.15 Wet leakage current test (after retention of junction box on mounting surface) - )

MQT15/MST17

Test date [MM/DD/YYYY]......cccccceeueeee..s | 06/21/2023 -

Test voltage applied [V]........ccccccceeeeee...t | 2 minutes of 1500 -

Solution resistivity [Q/cm] / <3500 .......: <3500 -

Solution temperature [°C]/22+2 .........: |22+2 -

Sample # Required [MQ] Measured [MQ] -
4 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is

1.91m2.
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4.11 Thermal cycling 200 test - MQT11/MST51 =
Test date [MM/DD/YYYY]/ start - end..: |03/21/2023 - 04/23/2023 -
Total cycles .......ccccvvvvveevererereneiiinnnnnnnnns | 200 -
Current applied [A] ........cccceeeeeeevnvnneeee.. . | 10.16 during the heat up stage from -40°C to 80°C _

0.05during others
Sample # Open circuits? -
6 No
7 No
Supplementary information: N/A
4.1 Visual inspection (after thermal cycling 200 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]....cccccovveveeeet | 04/23/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
6 No visual defects
7 No visual defects
Supplementary information: N/A
4.15 Wet leakage current test (after thermal cycling 200 test) - MQT15/MST17 -
Test date [MM/DD/YYYY]....cccccovveveeet | 04/23/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .........; |22+2 -
Sample # Required [MQ] Measured [MQ] -
6 20.9 >1000 P
7 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is

1.91m2.
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4.13 Damp heat 1000 test - MQT13/MST53 =
Sample #....ccoovveveeceeceeeeeeeeesee . 8,9 -
Test date [MM/DD/YYYY]/ start - end..: |03/16/2023 - 04/28/2023 -
Total hours [hours] .........ccccccvvvevernnnnnnns | 1000 -
Supplementary information: N/A
4.1 Visual inspection (after damp heat 1000 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]....c.cccooveveee s | 04/28/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

8 No visual defects
9 No visual defects
Supplementary information: N/A
4.15 Wet leakage current test (after damp heat 1000 test) - MQT15/MST17 -
Test date [MM/DD/YYYY]....c.cccooveveee s | 04/28/2023 -
Test voltage applied [V]...........ccceeeee.....s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .......... |22+2 -
Sample # Required [MQ] Measured [MQ] -
8 20.9 >1000 P
9 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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4.16 Static mechanical load test - MQT16/MST34 -

Sample#......cccooveeeeeeeiiicieeee . |8 -
Test date [MM/DD/YYYY].......ccoveeueeeees | 07/05/2023 -
Designed load (downward / upward) [Pa] | 2400 / 1600 )
Safety factor........cccccvvieiiviiciiiier |15 -
Mounting method ..............cccceceeeeeeeet | Clamps (4 points) -
Load applied t0.......coeeeiieieiieiie Downward Upward -
Mechanical load [Pa] .......cccceeriiinieenl 3600 2400 -
1st cycle duration [hours]..........c.cccueee.nt 1h 1h -
Intermittent open-circuit?....................: No No -
27 cycle duration [hours].....................: 1h 1h -
Intermittent open-circuit?....................: No No -
3 cycle duration [hours] .....................: 1h 1h -
Intermittent open-circuit?.....................: No No -

Supplementary information: N/A

4.1 Visual inspection (after static mechanical load test) - MQT01/MST01 -

Test date [MM/DD/YYYY].....cccccceeeeeeet [ 07/05/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
8 No visual defects P

Supplementary information: N/A

4.15 Wet leakage current test (after static mechanical load test) - MQT15/MST17 -

Test date [MM/DD/YYYY]......ccccceeueee s | 07/05/2023 -
Test voltage applied [V]........ccccccceeeeeeeest | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C] /2212 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -

8 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
1.91m2.
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4.17 Hail impact test - MQT17 -
Sample#......cccovveeeeeeeeeiceeeee e |9 -
Test date [MM/DD/YYYVY]......cccovveueeeees | 07/28/2023 -
Number of impact locations.................... |11 -
Ice ball size [MM] .....cccvvieiiiieeed 1 2 3 4 5 6

25+5% | 25+5% | 25+5% | 25+5% | 25+5% | 25+5%
7 8 9 10 11 - .
25+5% | 25+5% | 25+5% | 25+5% | 25+5% -
Ice ball weight [g] ....ccocvveeiier el 1 2 3 4 5 6
7.70 7.63 7.52 7.68 7.34 7.14
7 8 9 10 11 - .
7.42 7.63 7.68 7.70 7.55 -
Ice ball velocity [M/S].....cccevcveiciieiiieenns 1 2 3 4 5 6
21.9 23.1 23.1 224 22.8 22.9
7 8 9 10 11 - .
23.0 229 227 223 23.4 -
Supplementary information: N/A
4.1 Visual inspection (after hail impact test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......cccovveueeees | 07/28/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
9 No visual defects P
Supplementary information: N/A
4.15 Wet leakage current test (after hail impact test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......cccovveueeees | 07/28/2023 -
Test voltage applied [V]........ccccccceeeeeeee.t | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C] /2212 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -
9 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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4.6 Performance at STC (final, Gate #2) - MQT06.1/MST02 -

Testmethod.........c.cccoveceevvveveeeveeeees. | X Simulator / [[] Natural sunlight -
Irradiance [W/m?]...........cccoceeeeeveeeeennen. . | 1000 -
Module temperature [°C]...............e......s | 25.0 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -
2 43.01 36.15 10.64 10.11 365.4 79.82 -
4 43.06 36.02 10.68 10.13 364.8 79.36 -
5 43.03 35.90 10.69 10.11 363.0 78.93 -
6 43.05 35.84 10.75 10.17 364.6 78.8 -
7 43.06 35.83 10.75 10.18 364.7 78.78 -
8 42.95 35.86 10.67 10.10 362.1 78.98 -
9 42.93 35.30 10.76 9.88 348.8 75.51 -
Power degradation of each module after each test sequences -
Sample # | Pmp (initial) | Pmp (final) Reproducibility Power Maximum allowed
degradation degradation -
(W] W] r (%] [%] [%]
2 365.7 365.4 0.25 -0.10 -5.24 P
4 365.9 364.8 0.41 -0.30 -5.40 P
5 367.2 363.0 0.41 -1.14 -5.40 P
6 367.0 364.6 <0.01 -0.67 -5.00 P
7 366.8 364.7 <0.01 -0.57 -5.00 P
8 367.0 362.1 0.25 -1.34 -5.24 P
9 367.2 348.8 0.25 -5.01 -5.24 P

Supplementary information: According to Gate #2, Maximum allowed degradation [%] = -(5 + 0.95 x r)
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4.3 Insulation test (final) - MQT03/MST16 =
Test voltage applied [V].......ccccvvveeeeenns 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

2 20.9 >1000 No P
3 20.9 >1000 No P
4 20.9 >1000 No P
5 20.9 >1000 No P
6 20.9 >1000 No P
7 20.9 >1000 No P
8 20.9 >1000 No P
9 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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4.15 Wet leakage current test (final) - MQT15/MST17 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: |<3500 -
Solution temperature [°C] / 2242 .......... |22%2 -
Sample # Required [MQ] Measured [MQ] -
2 20.9 >1000 P
3 20.9 >1000 P
4 20.9 >1000 P
5 20.9 >1000 P
6 20.9 >1000 P
7 20.9 >1000 P
8 20.9 >1000 P
9 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
1.91m2.
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Module type: SPP375QHES (BOM2)
There is no test was required.
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Test results of IEC / EN 61730-1

4 Classification, application and intended use

4.1 General

The module has been evaluated for the following
Class (IEC 61140) ......ccccieiiireiiee e ecie e :

4.5 Intended use

PV modules are installed in the following special applications:

a) Building attached PV (BAPV) N/A -

b) Building integrated PV (BIPV) N/A -

c) Applications in areas where snow and / or wind load N/A -
exceeding loads as tested in IEC 61730-2 are
expected

d) Applications at environmental temperature exceeding | N/A -
the limits indicated in 5.1 of IEC 61730-1

e)-j) Other (e to j as listed in 4.5 of IEC 61730-1, please N/A -
specify)

Supplementary information: N/A

Remark:

Classification as in IEC 61730-1:

Class 0: Modules rated for use in this classification have individual and/or system level electrical outputs at
hazardous levels of voltage, current and power. Class 0 PV modules are intended for use in restricted
access areas that are protected from public access by fences or other measures of the location that prevent
general access.

Class II: Modules rated for use in this classification Il have individual and/or system level electrical outputs at
hazardous levels of voltage, current and power. These PV modules are intended for installation where
general user access and contact to insulated live parts is anticipated.

Class Ill: Modules rated for use in this classification shall not have electrical ratings greater than 240W where
the open-circuit voltage does not exceed 35VDC and the short-circuit current does not exceed 8 A when
tested under standard test conditions. These PV modules are intended for installation where general user

access and
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5 Requirements for design and construction

5.1 General

- All PV modules shall be suitable for operation | IEC 61215 and IEC 61730-2, all tests
in outdoor non-weather protected locations, were passed.

exposed to direct and indirect (albedo) solar
radiation, in an environmental temperature
range of at least -40°C to +40°C and up to
100 % relative humidity as well as rain.

- A PV module can either be completely No assembly part is present.
assembled when shipped from the factory, or
be provided in subassemblies. The provided
assemblies of the product shall not involve any
action that is likely to affect compliance with
the requirements of the IEC 61730 series.
Incorporation of a PV module into the final
assembly shall not require any alteration of the
PV module from its originally evaluated form.

N/A

- The construction of a PV module shall be such | IEC 61730-2, MST 13 was passed
that equipotential bonding continuity, if
applicable, is not interrupted by installation

- Any adjustable or movable structural part shall | No such part
be provided with a locking device to reduce
the likelihood of unintentional movement, if
any such movement may result in a risk of fire,
electric shock, or injury to persons.

N/A

- PV modules shall not have accessible burrs, IEC 61730-2, MSTOG6 test was
sharp edges or sharp points that can cause passed.

injury to users or service persons. Edges and
points that appear to be sharp by inspection,
shall comply with the sharp edge test (MST
06).

- Parts shall be prevented from loosening or No such part
turning if such loosening or turning may result
in a risk of fire, electric shock, or injury to
persons. Compliance for components is
verified by specific tests described in the
relevant standards or screw connection test
(MST 33).

N/A
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5.2 Marking and documentation =
5.2.1 General -
- Instructions related to safety shall be in an official Installation manual with P
language of the country where the equipment is to be | English.
installed.

5.2.2 Marking -

5.2.2.1 General -

Each PV module includes the following clear and indelible markings: -

a) Name, registered trade name, or registered trade Written on the nameplate. P
mark of manufacturer

b) Type or model number designation Written on the nameplate. P

C) Serial number Stuck beside the string P

connectors.

d) Date and place of manufacture; alternatively serial Traceable from serial number. P
number assuring traceability of date and place of
manufacture

e) Polarity of terminals or leads Polarized by color / tag.

f) “Maximum system voltage” or "Vsys” Written on the nameplate.

g) Class of protection against electrical shock, in Written on the nameplate.
accordance with Clause 4 of IEC 61730-1:2016

h) “Voltage at open-circuit” or “Voc” including Written on the nameplate. P
manufacturing tolerances

i) “Current at short-circuit” or “Is¢” including Written on the nameplate. P
manufacturing tolerances

i) “PV module maximum power” or “Pmax” including Written on the nameplate. P
manufacturing tolerances

k) “Maximum overcurrent protection rating” (compliance | Written on the nameplate. P
is verified by reverse current overload test (MST 26))

- All electrical data shall be shown as relative to Written on the nameplate. P
standard test conditions (STC: 1000W/m2, 25+2°C,
AM 1.5 according to IEC 60904-3).

- International symbols shall be used where applicable. | Written on the nameplate.

- PV connectors or wiring shall be marked in “Do not disconnect under
accordance to IEC 62852 with a symbol ,Do not load” is written on the
disconnect under load®, as given in Annex A. Symbol | connector.
or warning notice shall be imprinted or labelled close
to connector.

- PV connectors shall be clearly marked indicating the The terminal polarity is P
terminal polarity. marked on the PV connectors.
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For Class Il and Class 0 PV modules, the folowing
(IEC 60417-6042: Caution, risk of electric shock)
symbol shall be applied near the PV module electrical
connection means.

/N

Written on the nameplate.

PV modules shall be marked to indicate the class
according to IEC 61730-1: 2016.

Written on the nameplate.

PV modules provided with a functional earth
connection shall be provided with a symbol according
to 5.2.2.2.2, Figure 3.

No functional earth connection

N/A

PV modules provided with terminals for field wiring
rated only for use with copper wire shall be marked,
at or adjacent to the terminals, with the statement
"Use copper wire only", "Cu only", or the equivalent.

Not required

N/A

PV modules provided with terminals for field wiring
rated only for use with a different specific wiring
material shall be marked with a similar statement

referring to the rated material.

Not required

N/A

5.2.2.2 Symbols

5.2.2.2.1 Equipotential bonding

A wiring terminal or bonding location of a PV module
intended to accommodate a field installed bonding
conductor for equipotential bonding is identified with
the appropriate symbol IEC 60417-5021 (DB:2002-
10) (Figure 2)). Alternatively IEC 60417-5017 (Figure
1) can be used. No other terminal or location shall be
identified in this manner.

Printed on the frame

N/A

52222F

unctional earthing

A wiring terminal or bonding location of a PV module
intended to accommodate a field installed functional
earthing conductor is identified with the appropriate
symbol (IEC 60417-5018 (DB: 2002-10) (Figure 3).

No Functional earthing

N/A

5.2.3 Documentation

PV modules shall be supplied with documentation
describing the methods of electrical and mechanical
installation as well as the electrical ratings of the PV
module.

Written in installation manual.

The documentation shall state the Class under which
the PV module was qualified and any specific
limitations required for that Class.

Written in installation manual.

The documentation shall state the environmental
conditions to which the module has been qualified
which by default includes a temperature range of
-40°C to +40°C.

Written in installation manual.
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- The documentation shall state the environmental Written in installation manual. P
conditions to which the module has been qualified
which by default includes wind / snow load including
safety factor.

- It shall be ensured that appropriate documentation for | Written in installation manual. P
safe installation, use, and maintenance is available to
installers and operators.

The documentation shall contain the following information: -

- All information required by 5.2.2.1 with exception of See above P
c),d)and e)

- Recommended maximum series / parallel PV module | Written in installation manual. P
configurations

- The current rating of overcurrent protection, as Written on the nameplate. P
determined in MST 26

- Manufacturer’s stated tolerance for Vo, Isc and Written on the nameplate. P
maximum power output Pmax under standard test
conditions

- Temperature coefficient for voltage at open-circuit. Written in installation manual. P

- Temperature coefficient for maximum power. Written in installation manual. P

- Temperature coefficient for short-circuit current. Written in installation manual. P

- All electrical data shall be shown as relative to Written on the nameplate. P
standard test conditions (1000 W/m?, (25 + 2)°C, AM
1.5 according to IEC 60904-3).

- International symbols shall be used where applicable. | Written on the nameplate. P

The electrical documentation shall include a detailed description of the electrical installation wiring -

method to be used. This description shall include:

- The minimum cable diameters for PV modules Written in installation manual. P
intended for field wiring

- Any limitations on wiring methods and wire Written in installation manual. P
management that apply to the junction box for the PV
module

- The size, type, material, and temperature rating of the | Written in installation manual. P
conductors to be used

- Type of terminals for field wiring Written in installation manual.

- Specific PV connector model / types and Written in installation manual.
manufacturer to which the PV module connectors can
be mated

- The bonding method(s) to be used (if applicable) shall | Written in installation manual. P
be specified. All provided or specified hardware shall
be identified in the documentation.

- The type and ratings of bypass diode to be used (if Written in installation manual. P
applicable)

- Limitations to the mounting situation (e.g. slope, Written in installation manual. P
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mounting means, cooling)

- A statement indicating the fire rating(s) and the
applied standard, or a statement that resistance to
external fire sources was not evaluated, as well as
the limitations to that rating (e.g. installation slope,
sub structure or other applicable installation
information)

Written in installation manual.

- A statement indicating the minimum mechanical
means for securing the PV module (as evaluated
during the mechanical load test (MST 34))

Written in installation manual.

- A statement indicating the maximum altitude the PV
module is designed for. De-ratings can be applied.

Written in installation manual.

The documentation for roof mounting shall include:

- A statement indicating the minimum mechanical
means for securing the PV module to the roof (as
evaluated during the mechanical load test according
(MST 34)

Written in installation manual.

- Details of the specific parameter(s) when the fire
rating is dependent on a specific mounting structure,
specific spacing, or specific means of attachment to
the roof or structure.

Written in installation manual.

- The documentation shall include a statement advising
that external or otherwise artificially concentrated
sunlight shall not be directed onto the front or back
face of the PV module (if not qualified for).

Written in installation manual.

- Assembly instructions shall be provided with a
product shipped in subassemblies, and shall be
detailed and adequate to the degree required to
facilitate complete and safe assembly of the product
to specifications set forth in the IEC 61730 standard
series.

Not applicable

N/A

- To facilitate proper system sizing the manufacturer
shall include relevant parameters in the installation
instructions that allow system layout based not only
on STC values given in the documentation. For
example a safety factor for Voc and Isc of 1.25 is
recommended since irradiance is often higher then
1000 W/m? and temperature below 25°C may raise
VOC.

A statement as suggested in IEC 61730:2016 is
recommended.

Written in installation manual.
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5.3 Electrical components and insulation -
5.3.2 Internal wiring -
) Internal wiring shall have sufficient current carrying Cable was certified according P

capacity for the relevant application. to EN 50618 or IEC 62930
5.3.4 Connectors -
) External DC connectors shall fulfil the requirements of | Connector was certified P
IEC 62852. according to IEC 62852.
5.3.5 Junction boxes for PV modules =
) Junction boxes for PV modules shall fulfil the Junction box was certified P
requirements of IEC 62790. according to IEC 62790.
5.3.6 Frontsheets and backsheets =
- Polymeric frontsheets and backsheets shall meet Relevant test of IEC 61730-2 P
relevant requirements of section 5.5.2 was passed.
- If these sheets are used as relied upon insulation they | Relevant test of IEC 61730-2 P
shall fulfil requirements of 5.6.4.3 and 5.5.2.3 for was passed.
insulation in thin layers
5.3.7 Insulation barriers S
- A polymeric insulation barrier shall meet the relevant Relevant test of IEC 61730-2 P
requirements of 5.5.2 was passed.
5.3.8 Electrical connections -
5.3.8.1 General -
i External wires and cables shall fulfil the requirements | Cable was certified according P
of EN 50618 or IEC 62930. to EN 50618 or IEC 62930
i External DC connectors shall fulfil the requirements of | Connectors was certified P
IEC 62852. according to IEC 62852.
i Junction boxes for PV modules shall fulfil the Junction box is certified P
requirements of IEC 62790. according to IEC 62790.
} Prevention shall be taken that connections do not No such terminal. N/A
become loose, e.g. by using a washer.
- Precautions shall be taken that under operation No such terminal. N/A
clamping units or other terminations are prevented
from thermal and mechanical stress which might
impair electrical conductivity.
5.3.8.2 Terminals for external cables and PV connector ribbons -
- Terminals for electrical connections shall be suitable Junction box is certified P
for the type and range of conductor cross-sectional according to IEC 62790.
areas according to specification of the manufacturer.
They shall meet the requirements of IEC 62790.
- Insulated terminals shall be designed in a manner Junction box is certified P
where a possible displacement that may result in a according to IEC 62790.
reduction of clearances and creepage distances is
prevented.
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5.3.8.3 Splices and connections inside a PV module -
- Splices and connections inside a PV module other No splice. P

than those for terminals of external cables and PV Electrical connections is
connector ribbons shall be mechanically secured and | gg|dered.
shall provide electrical continuity. Electrical
connections shall be soldered, welded, conductively
adhered, crimped, or otherwise securely connected. A
soldered or conductively adhered joint shall be
additionally mechanically secured.
5.3.9 Encapsulants -
a) The rated operating temperature range of the Relevant test of IEC 61730-2 P
encapsulant shall include the temperature range of was passed.
the intended application.
b) The material group, the insulation resistance and the | Relevant test of IEC 61730-2 P
dielectric strength of the encapsulant shall be suitable | was passed.
for the intended application.
5.3.10 Bypass diodes -
- Bypass diodes shall be rated to withstand the current | IEC 61730-2, MST25 test was P
and voltage for their intended use. passed.
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5.4 Mechanical and electromechanical connections

5.4.1 General

- Mechanical connections shall be able to durably
withstand the thermal, mechanical, and environmental
stresses occurring in the application without
decreasing the integrity of the connection below safe
levels.

Connections are mechanically
secure.

Parts intended to be removed shall only be
detachable with the aid of tools.

No such part.

N/A

For mechanical connections friction between
surfaces, such as simple spring pressure, is not
acceptable as the sole means to inhibit the turning or
loosening of a part.

No such part.

N/A

5.4.2 Screw connections

- Screws and mechanical connections, the failure of
which might cause the PV module to become unsafe,
shall withstand the mechanical stresses occurring in
normal use. Screws shall not be made of a material
which is soft or liable to creep.

No screw is used.

N/A

- Screws used to provide mechanical stability and
continuity for equipotential bonding, e.g. fixing screws
in frames and other components, shall withstand the
mechanical stresses occurring in normal use. At least
one screw per electrical- mechanical connection shall
ensure the electrical connection between the metallic
components.

No screw is used.

N/A

- Screws used for mechanical and electrical
connections with a nominal diameter of less than
3 mm shall screw into metal.

No screw is used.

N/A

- For screws used for mechanical and electrical
connections two full threads shall engage into the
metal.

No screw is used.

N/A

- Screwed and other fixed connections between
different parts of the PV module shall be made in
such a way that they do not come loose through
torsion, bending stresses, vibration, etc., as may
occur in normal use.

No screw is used.

N/A

5.4.3 Rivets

- Rivets which serve as electrical as well as mechanical
connections are locked against loosening. A
noncircular shank or an appropriate notch may be
sufficient.

No rivets is used.

N/A
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5.4.4 Thread-cutting screws

Thread-cutting screws and self-tapping screws shall
not be used for the interconnection of current-carrying
parts made of metal which is soft or liable to creep,
such as zinc or aluminium.

No screw is used.

N/A

Thread-forming screws (sheet metal screws) shall not
be used for the connection of cur3rent-carrying part,
unless they clamp these parts directly in contact with
each other, and are provided with suitable locking
means.

No screw is used.

N/A

Thread-cutting (self-tapping) screws shall not be used
for the connection of current-carrying parts unless
they generate a full form standard machine screw
thread. However, screws of the latter type shall not be
used if they are likely to be operated by the user or
installer

No screw is used.

N/A

Threat-cutting and threat-forming screws, used to
provide continuity for equipotential bonding, shall be
such that it is not necessary to disturb the connection
in normal use.

No screw is used.

N/A

For equipotential bonding one screw is permitted if
two full threads engaged the metal.

No screw is used.

N/A

5.4.5 Form/press / tight fit

Form/press/tight fits of metallic components not
separately equipotential bonded need to be
electrically connected.

No such part

N/A

5.4.6 Connections by adhesives

Adhesion of a polymer relied upon for insulation to
another insulating layer shall be appropriate for the
application.

No such part

N/A

If the connection by adhesive should be considered
as cemented joint the requirements according to
5.6.4.2 shall be applied.

No such part

N/A

5.4.7 Other connections

Other connections such as, for example, welded or
soldered, were investigated by visual inspection (MST
01). Other connections which are relied upon for
equipotential bonding were checked with test of
continuity of equipotential bonding (MST 13).
Materials and processes for creating the connections
shall be appropriate for the intended use.

No such part

N/A
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5.5 Materials

5.5.2 Polymeric materials

5.5.2.1 General

Polymeric parts which ensure either the electrical or
mechanical safety of the PV module, or both, shall be
resistant to electrical and mechanical property
degradation and shall apply with the requirement of
the materials creep test (MST37) depending on their
constructive function in the PV module.

Relevant tests of IEC 61730-2
were passed.

5.5.2.3 Polymeric materials used as electrical insulation

5.5.2.3.3 Endurance to thermal stress - RTE(RTI) or Tl (mechanical / electrical)

Materials used as relied upon insulation shall have a
minimum relative thermal endurance, relative thermal
index or temperature index (RTE/RTI or TI) in
accordance with IEC 60216-5 or IEC 60216-1 equal
to or greater than the maximum normalized operating
temperature of the material as measured in the
particular mounting situation (e.g. roof mounted)
during the temperature test (MST 21), or 90 °C,
whichever is higher.

RTE/RTI or Tl of backsheet is
above the test values during
the temperature test (MST
21), or above 90 °C,
whichever is higher.

5.5.2.3.4 Polymeric insulating materials used as external parts

External polymeric parts of the PV module whose deterioration could impair the safety shall meet
the following additional requirements:

a)

Flammability class minimum V-1 according to IEC
60695-11-10 (not applicable to insulation in thin
layers; those are covered only by MST 24)

Not applicable.

N/A

Ball pressure test according to IEC 60695-10-2 with a
temperature of 75 °C (not applicable to insulation in
thin layers)

Not applicable.

N/A

Ignitability test (MST 24) in final application
(laminated or the PV module)

IEC 61730-2 MST24 was
passed.

Peel test for proof of cemented joints according to
IEC 61730-2 (MST 35), where applicable.

Not applicable.

N/A

Lap shear strength test (MST 36), where applicable.

Not applicable.

N/A

5.5.2.3.5 Polymeric insulating parts supporting live parts

External parts of non-metallic material, parts of
insulating material supporting live parts including
connections, and parts of polymeric material providing
supplementary insulation or reinforced insulation,
shall be sufficiently resistant to heat if their
deterioration could cause the PV module to fail to
comply with this standard.

Yes
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5.5.2.4 Polymeric materials used for mechanical functions

Materials used for mechanical functions shall have a
minimum mechanical relative thermal endurance,
relative thermal index or temperature index (RTE/RTI
or Tl) equal or greater than the max. normalized
operating temperature of the material as measured in
the particular mounting situation during temperature
test (MST21), or 90°C, whichever is higher.

Yes

5.5.3 Metallic materials

5.5.3.1 General

In accordance with IEC 60950-1 metal parts designed
for applications in climates with wet or humid ambient
conditions shall not be in contact to metal parts that
have a difference of their electrochemical potentials of
more than 600 mV. Larger electrochemical potential
differences are permissible if the contact points of
these materials are designed to remain dry.

The frame is Anodized
aluminum alloy. Relevant tests
of IEC 61730-2 were passed.

Iron or mild steel as a part of the product shall be
plated, painted, or enamelled for protection against
corrosion. The corrosion protection at a minimum
shall be at least equivalent to a zinc coating of 0.015
mm thickness.

Relevant tests of IEC 61730-2
were passed.

5.5.3.2 Current carrying parts

Under normal operation current-carrying parts shall
have a sufficient mechanical strength and electrical
conductivity. If environmental conditions may cause
corrosion current-carrying materials (metal, polymeric
based, etc.) shall be protected against corrosion, e.g.
by coating.

Relevant tests of IEC 61730-2
were passed.

In case of current-carrying parts consisting of
corrosion protective coated metal the coating shall be
capable of preventing corrosion according to either
one of ISO 1456, ISO 1461, ISO 2081 or ISO 2093. If
the current-carrying parts may be stressed by
abrasion, coated metal parts are not allowed.

Relevant tests of IEC 61730-2
were passed.

5.5.4 Adhesives

Adhesives shall be appropriate for the application.
Compliance is checked by relevant tests of

IEC 61730-2, including lap shear strength test (MST
36), peel test (MST 35), robustness of terminations
test (MST 42), mechanical load test (MST 34), and
visual inspection (MST 01), accessibility test (MST
11), wet leakage current test (MST 17) pre- and post-
test sequences, where applicable.

Relevant tests of IEC 61730-2
were passed.

Additionally, if an adhesive is part of the relied upon
electrical insulation it has to meet the requirements of
5.5.2.3.3.

Relevant tests of IEC 61730-2
were passed.
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5.6 Protection against electric shock

5.6.1 General

PV modules shall be provided with adequate
protection against contact with hazardous live parts
and shall pose no risk of electric shock.

Relevant tests of IEC 61730-2
were passed.

5.6.2 Protection against accessibility to hazardous live parts

5.6.2.1 General

PV modules shall be constructed to provide adequate
protection against accessibility to hazardous live parts
(>35V DC).

Relevant tests of IEC 61730-2
were passed.

For Class 0 PV modules, accessible parts shall be
separated from hazardous live parts by at least basic
insulation.

Compliance is checked by visual inspection (MST 01)
and by accessibility test (MST 11).

Not applicable.

N/A

Class Il PV modules shall be so constructed and
enclosed that only parts separated from hazardous
live parts by double or reinforced insulation are
accessible.

Compliance is checked by visual inspection (MST 01)
and by accessibility test (MST 11).

Class Il, compliance is
checked by visual inspection
(MST 01) and by accessibility
test (MST 11).

In Class Ill PV modules live parts are not considered
as hazardous, so a separation from accessible parts
is not needed. To ensure sufficient functionality and
protection against hazardous lighting arc, live parts of
different polarity shall be separated by at least
functional insulation.

Compliance is checked by visual inspection (MST 01)
and by accessibility test (MST 11).

Not applicable.

N/A

Materials used for realizing protection against
accessibility of hazardous live parts by means of
enclosure, insulation barrier or relied upon insulation
shall comply with the requirements of 5.5.2 due to
their application.

Relevant tests of IEC 61730-2
were passed.

5.6.2.2 Protection by means of enclosures and insulation barriers

Enclosures or insulation barriers shall be so designed
that, after mounting, the live parts are not accessible.

Relevant tests of IEC 61730-2
were passed.

5.6.2.3 Protection by means of insulation of live parts

An insulation material providing the sole insulation
between a live part and an accessible metal part, or
between uninsulated live parts not of the same
potential, shall be of adequate thickness and of a
material appropriate for the application.

Relevant tests of IEC 61730-2
were passed.
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5.6.3 Insulation coordination -
5.6.3.1 General -
- Position Edge of module -
5.6.3.2 Pollution degree -

- Pollution degree 1 -
5.6.3.3 Material group -
- Material group I -
5.6.3.4 Clearances (cl) and creepage distances (cr) -
- Min. determined creepage distance 13.5 mm P
- The module type has been evaluated for the foIIowmg Vsys = 1500V -
system voltage .........coooiiiiiiiii :
- The modules are intended for a maximum operatlng 2000 -
altitude (meters above sea level) of [M] ....................:
5.6.4 Distance through insulation (dti) -
5.6.4.1 General -
- The solid insulation properties of polymeric materials Relevant tests of IEC 61730-2 P
were verified through the tests outlined in IEC 61730- | were passed.
2.
- The distances through insulation (dti) are required for | N/A N/A
supplementary, double or reinforced insulation only
as shown in lines 4 of Table 3 and 4 of IEC 61730-1
- Polymeric materials for cemented insulation parts and | Relevant tests of IEC 61730-2 P
insulation in thin layers shall withstand environmental, | were passed.
thermal, electrical and mechanical stresses as far as
they occur. They shall comply with requirements
according to 5.5.2 The insulation shall fulfil the
material classification as given in IEC 60216-1, IEC
60216-2 and IEC 60216-5 (RTI/RTE/TI).
5.6.4.2 Cemented joints -
- Cemented joints were considered No N/A
5.6.4.3 Insulation in thin layers =
- Thickness of relied upon insulation was checked by Relevant tests of IEC 61730-2 P
insulation thickness test (MST 04) in final application. | were passed.
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a)

Single-layer sheet

- Minimum thickness according to lines 1b) of Table 3
and Table 4, as applicable depending on class (see
table 1).

Exception: The minimum thickness for a single layer
is 30um, even for system voltages < 600 V, since
pinholes may be present. For thicknesses < 30um a
multilayer concept shall be adopted to mitigate risk.

- RTI/ RTE / Tl as defined in 5.5.2.3.3.
- Dielectric strength for reinforced insulation.

No such part

N/A

b)

Multi-layer sheets

- The sum of thickness of all layers providing relied
upon insulation shall be in compliance with values
according to lines 1b) of Table 3 and Table 4, as
applicable depending on class (see table 1).

Each layer of a multi-layer (e.g. 2 layers, see Figure
4, example b1) and b2)) sheet providing relied upon
insulation shall meet the following requirements:

- RTI/RTE /Tl as defined in 5.5.2.3.3.
- Dielectric strength for basic insulation.

If single layers are not characterized individually the
following applies:

The combined thickness of all layers (more and
including 2 layers, see Figure 4, example b1), b2) and
c)) providing relied upon insulation shall be in
compliance with values according to Table 3 and
Table 4 as applicable depending on class (see Table
1).

RTI/RTE / Tl shall be determined in the full layer
stack or each layer providing relied upon insulation
shall meet RTI/ RTE / Tl as defined in 5.5.2.3.3. Any
changes in the stack or application require a new RTI
/ RTE / Tl evaluation.

Dielectric strength of entire multi-layer sheet providing
relied upon insulation shall fulfill requirements for
reinforced insulation.

Relevant tests of IEC 61730-2
were passed.

Supplementary information: N/A
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Test results of IEC / EN 61730-2

Module type: SPP375QHES (BOM1)

10.2 Visual inspection (initial) - MQT01/MSTO01 -

Test date [MM/DD/YYYY]..cooiiorirnns . 103/14/2023 -

Sample # Nature and position of initial findings - comments or attach photos -
1 No visual defects P
2 No visual defects P
3 No visual defects P
4 No visual defects P
6 No visual defects P
8 No visual defects P
10 No visual defects P
11 No visual defects P
12 No visual defects P
13 No visual defects P
14 No visual defects P
15 No visual defects P
16 No visual defects P
17 No visual defects P
18 No visual defects P
19 No visual defects P

Supplementary information: N/A

PV-T-086 TRF 61215 61730 Page 69 of 131 Version 1.6




File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.4 Maximum power determination (initial) - MQT02/MSTO03 =
Test date [MM/DD/YYYY]...ccooeivreenn 03/20/2023 -
Ambient temperature [°C]..........ccc.......ls Corrected to 25.0 -
Irradiance [W/m?]........cccooeveeeeiiieeeeenn Corrected to 1000 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -

2 43.05 36.06 10.69 10.14 365.7 79.47 -
3 43.09 36.07 10.74 10.18 367.2 79.34 -
4 42.99 36.00 10.72 10.16 365.9 79.40 -
6 43.09 36.09 10.72 1017 367.0 79.44 -
8 43.07 36.07 10.74 1017 367.0 79.31 -
10 43.08 36.08 10.74 10.17 366.9 79.32 -
11 43.09 36.15 10.73 10.17 367.5 79.51 -
13 43.07 36.13 10.72 10.17 367.3 79.57 -
14 43.05 36.09 10.72 10.16 366.5 79.45 -
15 43.04 36.09 10.73 10.17 367.1 79.48 -
Supplementary information: N/A
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10.13 Insulation test (initial) - MQT03/MST16 =
Test date [MM/DD/YYYY]....cceoee.e. 03/20/2023 -
Test voltage applied [V].........ccccceecee.s |2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

2 20.9 >1000 No P
3 20.9 >1000 No P
4 20.9 >1000 No P
6 20.9 >1000 No P
8 20.9 >1000 No P
10 20.9 >1000 No P
11 20.9 >1000 No P
13 20.9 >1000 No P
14 20.9 >1000 No P
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module

1.91m?2.
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10.14 Wet leakage current test (initial) - MQT15/MST17 -
Test date [MM/DD/YYYY]...ccooeivreenn 03/20/2023 -
Test voltage applied [V]....cccooeeeeinnnnnnat 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/ 2242 .......... |22%2 -
Sample # Required [MQ] Measured [MQ] -

2 20.9 >1000 P
3 20.9 >1000 P
4 20.9 >1000 P
6 20.9 >1000 P
8 20.9 >1000 P
10 20.9 >1000 P
13 20.9 >1000 P
14 20.9 >1000 P
15 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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10.9 Accessibility test (initial) - MST11 -
Test date [MM/DD/YYYY]......ccccceeeeeee..s | 03/20/2023 -
Sample # Requirements -

4 X1 At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.

6 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.

8 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.

13 X1 At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.

14 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X1 At no time during the test, the probe contacts any live electrical part.

15 X At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.

Supplementary information: N/A
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10.15 Temperature test - MST21 -
Sample#.......cccovveeeeeeeiieceeeeeeeeeeeeenn s |10 -
Test date [MM/DD/YYYY]......cccovveveenees | 07/06/2023 -
Reference solar irradiance [W/m?2]......... | 1000 -
Reference ambient temperature [°C]....: |40 -
Spacing between module and black test |6 -
platform [em] ...

Measuring location.............c..ccceceeeeeeeee. s | Ar Module superstrate above the center cell -
B: Module substrate below the center cell
C: Terminal enclosure interior surface
D: Terminal enclosure interior air space
E: Field wiring terminals
F: Insulation of the field wiring leads
G: External connector bodies
H: Diode bodies
I: The boundary between frame and silica gel
J: Ambient temperature
Measuring| Component temperature Component temperature Normalized temperature -
location limit [°C] Toss [°C] Tcon [°C]
A N/A 72.7 73.1 N/A
B 110 72.3 72.5 P
C 110 58.9 59.2 P
D N/A N/A N/A N/A
E 110 56.3 56.5
F 110 55.8 56.2
G 105 60.3 60.7
H 200 70.3 70.8
I N/A N/A N/A N/A
J N/A N/A N/A N/A
Supplementary information: Tcon = Toss + (40 °C - Tenv), Solar simulator method used.
10.2 Visual inspection (after temperature test) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY].......ccceeeueeeeeet | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
10 No visual defects P
Supplementary information: N/A
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10.13 Insulation test (after temperature test) - MQT03/MST16 -
Test date [MM/DD/YYYY]........ccceeueeee..s | 07/06/2023 -
Test voltage applied [V].........ccccceecee.s |2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

10 20.9 >1000 No P
1Sleap;pIezmentary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

.91m?2,

10.14 Wet leakage current test (after temperature test) - MQT15/MST17 -
Test date [MM/DD/YYYY]...........cceueee...s | 07/06/2023 -
Test voltage applied [V]........cc.cccceeeeeeee.t | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C] /2212 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -

10 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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10.20 Reverse current overload test - MST26

Test date [MM/DD/YYYY].......ccovveueeeees | 07/06/2023 -
Module over-current protection rating [A] |18 -
Current applied[A] .....cccoeereeeeeeee 243 -
Voltage applied[V]/ high-low..............: |49.7 - 43.2 -
Test duration [hour] ...l 2 -
Sample # Requirements -
10 X] No flaming of the module P
X] No flaming or charring of the tissue paper
Supplementary information: N/A
10.2 Visual inspection (after reverse current overload test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......cccovveveeeees | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
10 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after reverse current overload test) - MQT03/MST16 -
Test date [MM/DD/YYYY]......cccovveveeeees | 07/06/2023 -
Test voltage applied [V]..........cccceeeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
10 20.9 >1000 No P
1Sl;ﬁpleémentary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
91m?2,
10.14 Wet leakage current test (after reverse current overload test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......ccoveveeeees | 07/06/2023 -
Test voltage applied [V].........c.ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/ 2212 .........: 22+2 -
Sample # Required [MQ] Measured [MQ] -
10 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is

1.91m2.
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Clause Requirement + Test Result - Remark Verdict
10.12 Impulse voltage test - MST14 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 07/06/2023 -
Maximum system voltage [V]................. | 1500 -
Maximum impulse voltage [V]................ | 16000 -
Thickness of conductive foil [mm].........: [0.05 -
Sample # Requirements -

1 X] No evidence of dielectric breakdown or surface tracking observed P
Supplementary information: N/A
10.2 Visual inspection (after impulse voltage test) - MQT01/MST01 -
Test date [MM/DD/YYYY].......ccceeeeeee s | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
11 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after impulse voltage test) - MQT03/MST16 -
Test date [MM/DD/YYYY].......ccceeeeee s | 07/06/2023 -
Test voltage applied [V]..........ccceeeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
11 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.21 Module breakage test - MST32 =
Test date [MM/DD/YYYY].......ccccceveeee..s | 07/03/2023 -
Weight of impactor [kq].........cccccceeeeeeeeas |45 -
Thickness of module [mm] .................... |4 -
Mounting technique used .....................: | Mounting with 4 clamps -
Module Breakage?...........ccccceeunn..... | X No breakage -

[] Broke at 300mm
Weight of particles in case of breakage | N/A -
(o] :
Sample # Requirements -
12 X] The module did not separate from the mounting structure or framing P
X] The sample did not break
[] Breakage occurred, but no shear or opening large enough for a 76 mm diameter
sphere to pass freely has developed.
[ ] Breakage occurred, but no particles larger than 65 cm? have been ejected from the
sample.
Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
10.26 Materials creep test - MST37 S
Sample #......ccccevveeeeeeeeieceeee s |13 -
Test date [MM/DD/YYYY]/ start - end..: |05/15/2023 - 05/23/2023 -
Applied temperature [°C]........ccccceeeeeees [ 105 -
Relative humidity [%]........ccccooveveeniens | <50 -
Mounting angle [°] .....cccceeeeeveivieeeeeees 190 -
Test time [hour] .......cccccciieieviiiiiinnnnnns [ 200 -
Supplementary information: N/A
10.2 Visual inspection (after materials creep test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].....ccccovveveeees | 05/23/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

13 No visual defects P
Supplementary information: Creepage distance and clearances after the test met the requirement specified in
Table 3 of IEC 61730-1:2016
10.13 Insulation test (after materials creep test) - MQT03/MST16 -
Test date [MM/DD/YYYVY]....cccccoveeeeeeet 1 05/23/2023 -
Test voltage applied [V].......cccccccceeeeeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

13 20.9 >1000 No P
1Slglap;pltzmentary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

91m2.

10.14 Wet leakage current test (after materials creep test) - MQT15/MST17 -
Test date [MM/DD/YYYVY]....cccccveeeeneet 1 05/23/2023 -
Test voltage applied [V]........ccccccceeeeeeeest | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/22+2 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -

13 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause

Requirement + Test

Result - Remark

Verdict

10. 9 Accessibility test (after materials creep test) - MST11

Test date [MM/DD/YYYY]..coovverrrennnnns

05/23/2023

Sample #

Requirements

13

X At no time during the test, there is a resistance of less than 1MQ between the test
fixture and the PV module live part.

X] At no time during the test, the probe contacts any live electrical part.

Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
10.30 Damp heat test - MQT13/MST53 =
Sample #.....coooeveveveeeeie e | 14 -
Test date [MM/DD/YYYY]/ start - end..: |03/25/2023 - 04/03/2023 -
Total hours [hours] .........cccccccvvvvnrnnnnnnns {200 -
Supplementary information: N/A
10.2 Visual inspection (after damp heat 200 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......cccceeeeeee s | 04/03/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

14 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after damp heat 200 test) - MQT13/MST16 -
Test date [MM/DD/YYYY].......cccceeeeeee s | 04/03/2023 -
Test voltage applied [V]..........ccceeeeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
14 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.31 UV test (front side) - MQT10/MST54 =
Sample#......ccccvvveeeeeeeieeee s | 14 -
Test date [MM/DD/YYYY]/ start - end..: |04/06/2023 - 04/22/2023 -
Total dosage of UV irradiation (280- 60.0 _
400nm) [KWh/m2].......ccovvveiiieieeciee
Module operation condition .................: |[X] Short circuited / [ ] Pmax -
Supplementary information: N/A
10.2 Visual inspection (after UV test) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY]....ccooveeenet | 04/22/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

14 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after UV test) - MQT03/MST16 -
Test date [MM/DD/YYYVY]....ccooveeeenet | 04/22/2023 -
Test voltage applied [V].......ccccccceeeeeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
14 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.29 Humidity freeze 10 test (15t round) - MQT12/MST52 =
Test date [MM/DD/YYYY]/ start - end..: |04/30/2023 - 05/10/2023 -
Total CYClEeS ......uvueeiiiian 10 -
Current applied [A] ....ccoovveeeeeeeeiiiieen 0.05 -
Sample # Open circuits? -

14 No P
Supplementary information: N/A
10.2 Visual inspection (after humidity freeze 10 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......ccceeeeeeee. s | 05/10/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
14 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after humidity freeze 10 test) - MQT03/MST16 -
Test date [MM/DD/YYYY].......ccceeeeeeee. s | 05/10/2023 -
Test voltage applied [V]..........ccceeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
14 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.31 UV test (back side) - MQT10/MST54 =
Sample#......ccccvvveeeeeeeieeee s | 14 -
Test date [MM/DD/YYYY]/ start - end..: |05/11/2023 - 05/28/2023 -
Total dosage of UV irradiation (280- 60.0 _
400nm) [KWh/m2].......coooveeiiieieeeee
Module operation condition .................: |[X] Short circuited / [ ] Pmax -
Supplementary information: N/A
10.2 Visual inspection (after UV test) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY]....ccccccveueeeeet | 05/28/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

14 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after UV test) - MQT03/MST16 -
Test date [MM/DD/YYYVY]....ccccccveeeeeee . | 05/28/2023 -
Test voltage applied [V].......ccccccceeeeeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
14 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.29 Humidity freeze 10 test (2"¢ round) - MQT12/MST52 =
Test date [MM/DD/YYYY]/ start - end..: |06/23/2023 - 07/04/2023 -
Total cycles .......cccccvvveeveveeenernnenirnennnnnees |10 -
Current applied [A] ....cccooccevveeevecivveeee... s | 0.05 -
Sample # Open circuits? -

14 No P
Supplementary information: N/A
10.2 Visual inspection (after humidity freeze 10 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......ccceeeeee s | 07/04/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
14 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after humidity freeze 10 test) - MQT03/MST16 -
Test date [MM/DD/YYYY].......ccceeeeee s | 07/04/2023 -
Test voltage applied [V]..........ccceeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
14 20.9 >1000 No P
Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is
1.91m?2.
10.14 Wet leakage current test (after humidity freeze 10 test) - MQT15/MST17 -
Test date [MM/DD/YYYY]......ccceeeee s | 07/04/2023 -
Test voltage applied [V]...........ccceee.......s | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: [<3500 -
Solution temperature [°C]/ 2212 .........; |22+2 -
Sample # Required [MQ] Measured [MQ] -
14 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m?2. Area of the module is

1.91m2.
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Clause Requirement + Test Result - Remark Verdict
10.32 Cold conditioning test (15t round) - MST55 =
Sample #......ccccovvveeeeeeieieceeeee s |15 -
Test date [MM/DD/YYYY]/ start - end..: |03/24/2023 - 03/27/2023 -
Applied temperature [°C].......c.cccceeeeees |40 -
Test time [hour] ......cccccciiiiinennnns |48 -
Supplementary information: N/A
10.2 Visual inspection (after cold conditioning test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]....cccceoveveeet | 03/27/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after cold conditioning test) - MQT03/MST16 -
Test date [MM/DD/YYYY]....ccceeveveee | 03/27/2023 -
Test voltage applied [V]..........cccceeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.33 Dry heat conditioning test - MST56 =
Sample #......ccccovvveeeeeeieieceeeee s |15 -
Test date [MM/DD/YYYY]/ start - end..: |03/31/2023 - 04/10/2023 -
Applied temperature [°C]........cccceees [102.7 - 103.6 -
Relative humidity [%]........ccccooveveeniens | <50 -
Test time [hour] .......cccccciieieviiiiiinnnnnns [ 200 -
Supplementary information: N/A
10.2 Visual inspection (after dry heat conditioning test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......cccccveveee s | 04/10/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after dry heat conditioning test) - MQT03/MST16 -
Test date [MM/DD/YYYY]......cccccveveee s | 04/10/2023 -
Test voltage applied [V]..........ccceeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.29 Humidity freeze 10 test (15t round) - MQT12/MST52 =
Test date [MM/DD/YYYY]/ start - end..: |04/15/2023 - 04/26/2023 -
Total CYClEeS ......uvueeiiiian 10 -
Current applied [A] ....ccoovveeeeeeeeiiiieen 0.05 -
Sample # Open circuits? -

15 No P
Supplementary information: N/A
10.2 Visual inspection (after humidity freeze 10 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......ccccoveveee s | 04/26/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after humidity freeze 10 test) - MQT03/MST16 -
Test date [MM/DD/YYYY]......ccccoveveee s | 04/26/2023 -
Test voltage applied [V]..........ccceeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.32 Cold conditioning test (2" round) - MST55 =
Sample #......ccccovvveeeeeeieieceeeee s |15 -
Test date [MM/DD/YYYY]/ start - end..: |05/28/2023 - 05/30/2023 -
Applied temperature [°C].......c.cccceeeeees |40 -
Test time [hour] ......cccccciiiiinennnns |48 -
Supplementary information: N/A
10.2 Visual inspection (after cold conditioning test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 05/30/2023 -
Sample # Nature and position of initial findings - comments or attach photos -

15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after cold conditioning test) - MQT03/MST16 -
Test date [MM/DD/YYYY].......ccceeeeee. s | 05/30/2023 -
Test voltage applied [V]..........ccceeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.29 Humidity freeze 10 test (2"¢ round) - MQT12/MST52 =
Test date [MM/DD/YYYY]/ start - end..: |06/23/2023 - 07/04/2023 -
Total cycles .......cccccvvveeveveeenernnenirnennnnnees |10 -
Current applied [A] ....cccooccevveeevecivveeee... s | 0.05 -
Sample # Open circuits? -

15 No P
Supplementary information: N/A
10.2 Visual inspection (after humidity freeze 10 test) - MQT01/MSTO01 -
Test date [MM/DD/YYYY]......cccovveveeeees | 07/04/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after humidity freeze 10 test) - MQT03/MST16 -
Test date [MM/DD/YYYY]......cccovvevveeees | 07/04/2023 -
Test voltage applied [V]..........ccceeeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
15 20.9 >1000 No P
1Slglap;pltzmentary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
91m2.
10.14 Wet leakage current test (after humidity freeze 10 test) - MQT15/MST17 -
Test date [MM/DD/YYYVY]....ccccccveeeeeeet | 07/04/2023 -
Test voltage applied [V]........ccccccceeeeeee.st | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C] /2212 .........: |22+2 -

Sample # Required [MQ]

Measured [MQ]

15 20.9

>1000

P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict
10.2 Visual inspection (final, after 48-96h wait time) - MQT01/MSTO01 -
Sample # Nature and position of initial findings - comments or attach photos -

4 No visual defects P
6 No visual defects P
8 No visual defects P
14 No visual defects P
15 No visual defects P
Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
10.17 Fire test - MST23 -
Test date [MM/DD/YYYY].....cccccceeveeee.s | 06/12/2023 -
Standard applied.............cccccceeeeeeeeenee s |UL 1703, Class C -
No. of modules provided to create the 2 for spread of flame test -
testassembly .............c.ccccccoeieieieiieiit 11 for burning brand test
Sample # Requirements -
16 X] Modules comply with the requirements for the fire test according to above noticed P
17 standard
18

Supplementary information: Please refer to Annex 5 for detailed pictures of the samples after test.
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Clause Requirement + Test Result - Remark Verdict
10.18 Ignitability test - MST24 =
Test date [MM/DD/YYYY].....cccccceeveeee.s | 06/12/2023 -
Standard applied...........ccccoveeeveeeeeecens [ 1ISO 11925-2:2010 -
Sample # Requirements -

19 X No ignition of module P
X No flame spread > 150 mm vertically from point of test flame application
Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
10.10 Cut susceptibility test - MST12 -
Test date [MM/DD/YYYY]...ccooovevenens | 4#: 06/21/2023; 6#: 04/23/2023; -

8#: 07/05/2023; 14#: 07/04/2023;
15#: 07/04/2023
Applied force [N].....ccccceeviiiiiiieeeeeer 8.9 -
Sample # Requirements -
4 X1 No exposure of active circuitry of the module P
6 X1 No exposure of active circuitry of the module P
8 X1 No exposure of active circuitry of the module P
14 X1 No exposure of active circuitry of the module P
15 X1 No exposure of active circuitry of the module P
Supplementary information: N/A
10.2 Visual inspection (after cut susceptibility test) - MSTO01 -
Test date [MM/DD/YYYY]...cooveoveneenen s | 4#: 06/21/2023; 6#: 04/23/2023,; -
8#: 07/05/2023; 14#: 07/04/2023;
15#: 07/04/2023
Sample # Nature and position of initial findings - comments or attach photos -
4 No visual defects P
6 No visual defects P
8 No visual defects P
14 No visual defects P
15 No visual defects P
Supplementary information: N/A
10.13 Insulation test (after cut susceptibility test) - MST16 -
Test date [MM/DD/YYYY]...cooveoveeeeeeen s | 4#: 06/21/2023; 6#: 04/23/2023,; -
8#: 07/05/2023; 14#: 07/04/2023;
15#: 07/04/2023
Test voltage applied [V]..........cccceeeeee.t | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -
4 20.9 >1000 No P
6 20.9 >1000 No P
8 20.9 >1000 No P
14 20.9 >1000 No P
15 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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Clause Requirement + Test Result - Remark Verdict

10.14 Wet leakage current test (after cut susceptibility test) - MST17 -

Test date [MM/DD/YYYY]...ccocoovevenens | 4#: 06/21/2023; 6#: 04/23/2023;
8#: 07/05/2023; 14#: 07/04/2023; -
15#: 07/04/2023
Test voltage applied [V]........ccccccceeeeeee..t | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C] /2212 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -
4 20.9 >1000 P
6 20.9 >1000 P
8 20.9 >1000 P
14 20.9 >1000 P
15 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is
1.91m2.
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Clause Requirement + Test Result - Remark Verdict
10.9 Accessibility test (final) - MST11 -
Test date [MM/DD/YYYY]......cccceeeeeeoees | 444 05/08/2023; 6#: 05/03/2023; =

8#: 05/11/2023; 13#: 05/04/2023
144#: 06/19/2023 15#: 05/16/2023
Sample # Requirements -
4 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.
6 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.
8 X1 At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.
13 X] At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X1 At no time during the test, the probe contacts any live electrical part.
14 X At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.
15 X1 At no time during the test, there is a resistance of less than 1MQ between the test P
fixture and the PV module live part.
X] At no time during the test, the probe contacts any live electrical part.
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.4 Maximum power determination (final) - MQT02/MST03 =
Test date [MM/DD/YYYY]....oovvevevnnenns 2#: 07/06/2023; 3#: 07/06/2023 =

4#: 06/21/2023
6#: 07/05/2023; 8#: 07/06/2023;
14#, 15: 07/04/2023
Ambient temperature [°C]..........ccc......us Corrected to 25.0 -
Irradiance [W/m?]........cccooevveeiiciieneeenn Corrected to 1000 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -
2 43.01 36.15 10.64 10.11 365.3 79.82 P
3 43.03 36.14 10.77 10.20 368.8 79.61 P
4 43.06 36.02 10.68 10.13 364.8 79.36 P
6 43.05 35.84 10.75 10.17 364.6 78.80 P
8 42.95 35.86 10.67 10.10 362.1 78.98 P
10 43.00 36.13 10.73 10.16 366.9 79.57 P
14 42.84 35.91 10.35 9.80 351.9 79.40 P
15 42.73 35.84 10.66 10.12 362.5 79.63 P

Supplementary information: The IV curve show no additional kinks or other unusual characteristics as compared
to the initial IV curve.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.6 Durability of markings - MST05 =
Test date [MM/DD/YYYY]...cocovvvevinnnnl 2#: 07/06/2023; 4#: 07/06/2023; =

6#: 06/21/2023; 1#, 8#: 04/23/2023;
10#: 07/05/2023; 14#: 07/06/2023
15#: 07/04/2023; 3#: 07/04/2023
Sample # Requirements -
2 X] Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
3 X] Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
4 X Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
6 X Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
8 X Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
10 X Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
14 X] Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
15 X] Marking is legible P
X] Not possible to remove marking plates easily
X No curling occurred
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.7 Sharp edge test - MST06 =
Test date [MM/DD/YYYY].....cccoeveeeeet | 2#: 07/06/2023; 44 07/06/2023; =

6#: 06/21/2023; 1#, 8#: 04/23/2023;
10#: 07/05/2023; 14#: 07/06/2023
15#: 07/04/2023; 3#: 07/04/2023
Sample # Requirements -
2 X1 No sharp edges, burrs, etc. P
X Smooth surfaces
3 X No sharp edges, burrs, etc. P
X Smooth surfaces
4 X] No sharp edges, burrs, etc. P
X] Smooth surfaces
6 X No sharp edges, burrs, etc. P
X Smooth surfaces
8 X1 No sharp edges, burrs, etc. P
X] Smooth surfaces
10 X No sharp edges, burrs, etc. P
X Smooth surfaces
14 X1 No sharp edges, burrs, etc. P
X Smooth surfaces
15 X1 No sharp edges, burrs, etc. P
X] Smooth surfaces
Supplementary information: Compliance is checked by inspection.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.8 Bypass diode functionality test - MQT18.2/MST07 =
Sample # ..o | 28, 3#, A#, 6#, 8#, 10# 14#, 15# -
Test date [MM/DD/YYYY].....ccccoeveeeee s | 2#: 07/06/2023; 44 07/06/2023;

6#: 06/21/2023; 8#: 04/23/2023; )
10#: 07/05/2023; 14#: 07/06/2023
15#: 07/04/2023; 3#: 07/04/2023
[ ] Method A -
Ambient temperature [°C]...................... |N/A -
Current flow applied [A] ......ccoeeeevennnnee. . |N/A -
ViEMrated [V] coveereeenienienieiicieieeceee s | NJA -
N X VEmrated [V].-vveeeeniiieeeiiiiieeiiiieeeeee s | NIA -
Measured VFM [V].....ccccccevvvvcvvneeeees | N/A N/A
X] Method B -
Diode # Diode working properly P
1 Yes O No P
2 Yes O No P
3 Yes O No P
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.5 Insulation thickness test - MST04 =
Test date [MM/DD/YYYY].....cccue.ee.. 07/13/2023 -
Measuring location...........c.cccceeeveenee. Location A & B &C are at the soldering connections _

(rear cover)
Sample # Required value [mm] Location Measured value [mm] -
14 0.3087 A 0.3270 P
0.3087 B 0.3204
0.3087 C 0.3279

Supplementary information: Measurement uncertainty is 2.9% and has been taken into consideration to

determine required value.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.5 Insulation thickness test - MST04 =
Test date [MM/DD/YYYY].....cccenneen. 08/16/2023 -
Measuring location...........c.cccceeeveenee. Location A & B &C are at the soldering connections _

(front cover)
Sample # Required value [mm] Location Measured value [mm] -
14 0.3087 A 0.3196 P
0.3087 B 0.3139
0.3087 C 0.3142

Supplementary information: Measurement uncertainty is 2.9% and has been taken into consideration to

determine required value.
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006
IEC / EN 61730-2
Clause Requirement + Test Result - Remark Verdict
Module type: SPP375QHES (BOM2)
10.2 Visual inspection (initial) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY]....ccoeoveeeeeet [ 03/14/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
20 No visual defects P
Supplementary information: N/A
PV-T-086 TRF 61215 61730 Page 103 of 131 Version 1.6




File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.4 Maximum power determination (initial) - MQT02/MSTO03 =
Test date [MM/DD/YYYY]...cocovvvevinnnnl 03/20/2023 -
Ambient temperature [°C]..........ccc.......ls Corrected to 25.0 -
Irradiance [W/m?]........cccooeveeeeiiieeeeenn Corrected to 1000 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -

20 43.03 35.95 10.58 10.04 361.0 79.32 -
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.13 Insulation test (initial) - MQT03/MST16 =
Test date [MM/DD/YYYY]......cccceeeueeenns [ 03/20/2023 -
Test voltage applied [V]..........ccceeeeee.s | 2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

20 20.9 >1000 No P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module

1.91m2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.14 Wet leakage current test (initial) - MQT15/MST17 -
Test date [MM/DD/YYYY]...ccooeivreenn 03/20/2023 -
Test voltage applied [V]....cccooeeeeinnnnnnat 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/ 2242 .......... |22%2 -
Sample # Required [MQ] Measured [MQ] -

20 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.15 Temperature test - MST21 -
Sample #......ccccevveeeeeeeeieceeee s | 20 -
Test date [MM/DD/YYYY].......ccoveeveeeees | 07/06/2023 -
Reference solar irradiance [W/m?2]......... | 1000 -
Reference ambient temperature [°C]....: |40 -
Spacing between module and black test |6 -
platform [em] ...

Measuring location.............c..ccceceeeeeeeee. s | Ar Module superstrate above the center cell -
B: Module substrate below the center cell
C: Terminal enclosure interior surface
D: Terminal enclosure interior air space
E: Field wiring terminals
F: Insulation of the field wiring leads
G: External connector bodies
H: Diode bodies
I: The boundary between frame and silica gel
J: Ambient temperature
Measuring| Component temperature Component temperature Normalized temperature -
location limit [°C] Toss [°C] Tcon [°C]
A N/A 72.9 73.4 N/A
B 110 72.6 72.8 P
C 110 58.4 59.1 P
D N/A N/A N/A N/A
E 110 57.4 57.9
F 110 56.3 56.5
G 105 61.2 61.5
H 200 71.0 71.4
I N/A N/A N/A N/A
J N/A N/A N/A N/A
Supplementary information: Tcon = Toss + (40 °C - Tenv), Solar simulator method used.
10.2 Visual inspection (after temperature test) - MQT01/MSTO01 -
Test date [MM/DD/YYYVY].....cccceeeueeeeeet | 07/06/2023 -
Sample # Nature and position of initial findings - comments or attach photos -
20 No visual defects P
Supplementary information: N/A
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.13 Insulation test (after temperature test) - MQT03/MST16 -
Test date [MM/DD/YYYY].........cceeueeee..s | 07/06/2023 -
Test voltage applied [V].........ccccceecee.s |2 minutes of 1500 and 1 minute of 8000 -
Sample # Required [MQ] Measured [MQ] Dielectric breakdown? -

20 20.9 >1000 No P
1Sleap;pIezmentary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

.91m?2,

10.14 Wet leakage current test (after temperature test) - MQT15/MST17 -
Test date [MM/DD/YYYY]...........cceueee...s | 07/06/2023 -
Test voltage applied [V]........cc.cccceeeeeeee.t | 2 minutes of 1500 -
Solution resistivity [Q/cm] / <3500 .......: <3500 -
Solution temperature [°C]/22+2 .........: |22+2 -
Sample # Required [MQ] Measured [MQ] -

20 20.9 >1000 P

Supplementary information: Minimum requirement according to the standard is 40MQ-m2. Area of the module is

1.91m?2.
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.4 Maximum power determination (final) - MQT02/MST03 =
Test date [MM/DD/YYYY]..ooovviivrieena 07/06/2023 =
Ambient temperature [°C]..........ccc.......ls Corrected to 25.0 -
Irradiance [W/m?]........cccooeveeeeiiieeeeenn Corrected to 1000 -
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] -

20 42.86 35.92 10.59 10.05 361.1 79.60 P

Supplementary information: The IV curve show no additional kinks or other unusual characteristics as compared
to the initial IV curve.
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict

10.6 Durability of markings - MST05 =

Test date [MM/DD/YYYY].......ccceeeueeeens | 07/06/2023 -
Sample # Requirements -
20 X] Marking is legible P

X] Not possible to remove marking plates easily
X No curling occurred

Supplementary information: N/A
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict

10.7 Sharp edge test - MST06 =

Test date [MM/DD/YYYY].......ccceeeueeeens | 07/06/2023 -
Sample # Requirements -
20 X1 No sharp edges, burrs, etc. P

X] Smooth surfaces

Supplementary information: Compliance is checked by inspection.

PV-T-086 TRF 61215 61730 Page 111 of 131 Version 1.6




Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006
IEC / EN 61730-2

Clause Requirement + Test Result - Remark Verdict
10.8 Bypass diode functionality test - MQT18.2/MST07 =
Sample #......ccccevveeeeeeeeieceeee s | 20 -
Test date [MM/DD/YYYY]......c.ccceeueeee.t | 07/06/2023 -
[1 Method A -
Ambient temperature [°C]...................... [N/A -
Current flow applied [A] ......ccoeeeeeinnnnee. . |N/A -
ViEMrated [V] coveeveenienieneeiiciieiceceee s | NJA -
N X VEmrated [V].-vveeeeriieeeeiiiiieeiiieeeeee s | NIA -

Measured VFM [V].....cccccceevvvvcvvneeenees | N/A N/A

X] Method B -
Diode # Diode working properly P
1 Yes O No P
2 Yes O No P
3 Yes O No P

Supplementary information: N/A
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Test Report ToV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

Annex 1: Constructional Data Form (CDF)

| TUVNORD

; File No.: PVYP02093/23P-02 Attached to Test Report No.: 492011490.006

CDF (Constructional Data Form) for Electrical Products

ApRlicanta e s e .| Jiangsu Sunport Power Corp., Ltd.

No.20, Xishi Road, Xinwu District,

Waugxi City, Jiangsu Province, 214028, P.R. China
MENUTACUrEr A ssvsssisssmmwenins .| Xuzhou Sunport Power Co. Ltd.

No.1, Fumin Road, High-tech Industrial Development Zone
Pizhou, Jiangsu Province, P.R. China

MaNUFACTURET 2 iiuvewivitissivacasnersinnie . | Jiangsu Sunport Power Corp., Ltd.
No0.20, Xishi Road, Xinwu District,
Wauxi City, Jiangsu Province, 214028, P.R. China

Brodlet e lii el e, .| Crystalline Silicon Terrestrial Photovoltaic (PV) Modules

Standand(s) ....coowmiesriareroessors : | IEC/EN 61215-1:2016;

IEC/ EN 61215-1-1:2016;

IEC 61215-2:2016 / EN 61215-2:2017 + AC:2017 + AC:2018,;
IEC 61730-1:2016 / EN IEC 81730-1:2018 + AC:2018;

IEC 61730-2:2016 / EN |IEC 61730-2:2018 + AC:2018.

Trade MAark. st amin

Sunport

Module type(s)..i..c.criseseismmesa. . | Flexible PV module with 6" Mono-crystalline MWT Solar Cells:
60 cells: SPPXXXM60S(XXX=305-320W, in increments of 5)
144 cells: SPPXXXQH7S(XXX=400-435W, in increments of 5)
132 cells: SPPXXXQHFS(XXX=365-395W, in increments of 5)
126 cells: SPPXXXQHES(XXX=350-380W, in increments of 5)
110 cells: SPPXXXQH110S(XXX=305-330W, in increments of 5)
70 cells: SPPXXXQH70S(XXX=200-205W, in increments of 5)
42 cells: SPPXXXQH42S(XXX=115-125W, in increments of 5)
36 cells: SPPXXXQH36S(XXX=100-110W, in increments of 5)
30 cells: SPPXXXQH1S(XXX=85-90W, in increments of 5)

138 cells: SPPXXXNHGS(XXX=370-400W, in increments of 5)
1286 cells: SPPXXXNHES(XXX=340-365W, in increments of 5)
42 cells: SPPXXXNH42S(XXX=115-120W, in increments of 5)
36 cells: SPPXXXNH36S(XXX=95-105W, in increments of 5)

30 cells: SPPXXXNH1S(XXX=80-85W, in increments of 5)

Confirmation of TUV NORD CERT
Shanghai, 08/04/2023 (Place and date)

LN o - 4 2 HFagd: Bella
o, R [ 3 e
Yong HuO-2oinel pela. L o ks
(Applicant's legally authorized signature and stamp) (Signature of authorized TUV NORD CERT engineer)
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Test Report ToV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

TUVNORD

File No.: PVYP02093/23P-02 Attached to Test Report No.: 492011490.006

Electrical ratings:

Module type ....c.coevveveeiiiecie .| 60 cells: SPPXXXMB0S(XXX=300-320W, in increments of 5)
Dimensions [mm] /I xw x h......... ;| 1660 x 990 x 1.7
Rated Pmpp [W].....oooveeeiiieiiieins : | 305; 310; 315; 320 Tolerance of rated Pmpp [%]......... | *3
Rated VoG [V]....cooeevvrinieiciieens : | 39.7; 39.9;40.1; 40.3 Tolerance of rated Voc [%] ........... | 3
Rated ISC [A] .oovivieiiieeiieiiecs ;| 9.75; 9.83; 9.90; 9.99 Tolerance of rated Isc [%]............. | £5
Maximum system voltage [V].......: | 1500 Safety class acc. to IEC 61140...... | Class|I
Min-creepage distance [mm] ....... ;| 15:63 Fuse rating [A] .....ccccceveevnvieninenl | 15
Design load [Pa] / front ................ .1 1600 Safety factor / front ....................... : 1156
Design load [Pa] / back................ .| 1600 Safety factor / back.........c.ccceevees | 1.5
Module type i s .| 144 cells: SPPXXXQH7S(XXX=400-435W, in increments of 5)
Dimensions [mm]/Ixw xh......: | 2090 x1040x 2.5
Rated Pmpp [W]..coooiiiiiiieieeiee . | 400; 405; 410; 415; 420; | Tolerance of rated Pmpp [%]........ | £3
425; 430; 435
Rated MOC [V . vveetie e . | 47.1,47.3; 47.5; 47.7, Tolerance of rated Voc [%].......... | £3
47.9;48.1;48.3; 48.5
Rated ISC [A] .oovoveveiiiivcieiiiee . 110.80; 10.85; 10.90; Tolerance of rated Isc [%]............. | £5
10.95; 11.00; 11.05;
11.10; 11.15
Maximum system voltage [V]....... ;| 1500 Safety class acc. to |IEC 61140.....: | Class Il
Min-creepage distance [mm] ....... 0 [Fi9is Buserratingi[A] 5 s 18
Design load [Pa]/ front ................ .| 2400 Safaty factor/ front .......ccocccevennie SO )
Design load [Pa] / back................ : | 1600 Safety factor / back............c........t | 1.5
Module type i viis i mammmssmein .| 132 cells: SPPXXXQHFS(XXX=365-395W, in increments of 5)
Dimensions [mm] /Ixwxh....... : | 18926 x 1040 x 2.5
Rated BmppiW]: o . | 365; 370; 375; 380; 385; | Tolerance of rated Pmpp [%]......... | £3
390; 395;
Rated Mo [V sssacnimnns 1| 42.40; 42.60; 42.80; Tolerance of rated Voc [%] ............ | #3
43.00; 43.20; 43.40;
43.60
Rated ISC [A] .ecovveiiiieeeeiecne 2P 44.09; 116 14:23; Tolerance of rated Isc [%].............. | £5
11.30; 11.35; 11.44;
11.50
Maximum system voltage [V] ....... ;| 1500 Safety class acc. to IEC 61140.....: | Class Il
e 19.5 Euse-ratingi[Al wiens i ainss || 18
Design Ioad fF?ﬁ}/fr?nﬁ @ﬁRO Safety factor / front ..ot | 1.5
/4 ‘ .
Conflrmatl&n o}\th%a ‘l{rﬁ ﬁ - )r/) Confirmation of TUV NORD CERT
Wuxi, 08/04!2023(11:" acé hd'd /\\ / Shanghai, 08/04/2023 (Place and date)
7 fre -1
Tun H‘M_Ufy 000 000 _‘r-f"’” M Lﬂ-'\ é;iﬁﬂ?eggg_jgg_og
3 10:27:01 +08'00
(Applicant's legally authorized signature and stamp) (Signature of authorized TUV NORD CERT engineer)
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File No.: PVP02093/23P-02

File No.: PVP02093/23P-02

Test Report TV NORD

Test Report No.: 492011490.006

TUVNORD

Attached to Test Report No.: 492011490.006

Design load [Pa] / back................ 3 1600 Safety factor / back.......cocceerveiienns : ‘ 1i5 ‘
Modulertype: i e 1| 126 cells: SPPXXXQHES(XXX=350-380W, in increments of 5)
Dimensions [mm]/Ixwxh......... 2 1840 x 1040 x 2.5 /1850 x 1070 x 2.5
Rated Pmpp:i Wl o .| 350; 355; 360; 365; 370; | Tolerance of rated Pmpp [%]......... | £3
3755380
Rated Voc [V] ..ccovvveivniieenitvreeninens .| 41.8;42.0;42.2; 42 4, Tolerance of rated Voc [%] ............ | £3
42.6; 42.8; 43.0
RatedISEI[A] oo b e : | 10.88; 10.95; 11.02; Tolerance of rated Isc [%].............. | £5
11.09; 11.16; 11.23;
11.30
Maximum system voltage [V]....... . | 1500 Safety class acc. to IEC 61140...... | Class |l
Min-creepage distance [mm] ....... : [ 19.5/16.5 Fuse tating [A] s cssons aimossssion : |18
Design load [Pa] / front ................ ;| 2400 Safety factori/front .o | 1.5
Design load [Pa] / back................ ;| 1600 Safety factor / back.........ccccoeninnil 1.5

Moduletypet. cmmmim e 1| 110 cells: SPPXXXQH110S(XXX=305-330W, in increments of 5)

Dimensions [mm] /I xwx h......... ;| 1925 x 875 x 2.5

Rated Pmpp [W]..ocoooeeeieiicreeennen : ggg, 310; 315; 320; 325; | Tolerance of rated Pmpp [%]......... | 3

Rated Mog [Vsassissmnmssissiaios ;| 36.30; 36.50; 36.70; Tolerance of rated Voc [%] ............ | £3
36.90; 37.10; 37.30

RatedilsGlA]l it . . | 10.95; 11.02; 11.09; Tolerance of rated Isc [%].............. | £b

11.16; 11.23; 11.30

Maximum system voltage [V].... 1500 Safety class acc. to IEC 61140.....: | Class |l
Min-creepage distance [mm] ....... | e Fuse rating [A] ....ccoovvinvevcvieiinns | 18
Design load [Pa] / front ................ .| 2400 Safety factor / front ..o 1:5
Design load [Pa] / back................ : | 1600 Safety factor / back........ccooeieit 1.5

Module tYPe ........cumieemramsmmmsessinnes :

70 cells: SPPXXXQH70S(XXX=200-205W, in increments of 5)

Dimensions [mm] /I xw x h..

1270 x 900 x 2.5

Rated Pmpp:[W]....cvacicsinrrmaeinn & 200; 205 Tolerance of rated Pmpp [%]......... +3
Rated VO [V] o« visnimnusmmn ; 23.90; 24.10 Tolerance of rated Voc [%] ...........: 13
Ratet IBE [A] iumiisinimmasmssrave & 10.65; 10.81 Tolerance of rated Isc [%].............. +5
Maximum system voltage [V].......: 1500 Safety class acc. to IEC 61140.....: Class Il
Min-creepage distangeﬁ[rmpl_,mmh:‘ 15 Fuse rating [A] ..ccccccovecviviniiniicannns ; 18

: SRR POy :
Design load [E_E‘I:/JQTOIL,...,,Mw.‘,_i.rz_f\ l‘?éQO Safety factor / front ..ol 1.5

Wuxi, 08/04/902 (FF}
Q}:\/‘ \»\7"”1 i

eﬁMM%w\

e )

Confirmation of TUV NORD CERT
Shanghai, 08/04/2023 (Place and date)

s

e S j} Lok ﬁgﬂ?e”aUu
\{0“3 w0 2800000053 e W 10:2?1?125508098
(Applicant's legally authorized signature and stamp) (Signature of authorized TUV NORD CERT engineer)
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File No.: PVP02093/23P-02

File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

TUVNORD

Attached to Test Report No.: 492011490.006

Ii)esign load [Pa]fback ... ; 1600 Safety factor { back.........ceimmmient ‘ 1.5
Moduleitype:. it fodiiinng, 1| 42 cells: SPPXXXQH42S(XXX=115-125W, in increments of 5)
Dimensions [mm] /[ xw x h........ 1 | 1040 x670x 1.7
Rated Pmpp [W]:scoieveivisiviniiien o | 115, 120; 125 Tolerance of rated Pmpp [%]........: 13
Rated Moc|[V] v csinniza 1 | 28.7;28.9; 29.1 Tolerance of rated Voc [%] ........... A [E
Rated Ise [A] oo 1 | 542;5.51; 5.65 Tolerance of rated Isc [%]............: £5
Maximum system voltage [V].... 1500 Safety class acc. to IEC 61140.....: Class Il
Min-creepage distance [mm] ....... 1195 Fuse rating [A] 10
Design load [Pa] / front ................ .| 2400 Safety factor / front ... A (8L
Design load [Pa] / back................ .| 1600 Safety factor / back.........cccceeer [ 1.5
Module type ..o .| 36 cells: SPPXXXQH36S(XXX=100-110W, in increments of 5)
Dimensions [mm] /I xw xh......... ;| 1080 x 565 x 1.7/ 1075 x 535 % 2.3 /1075 x 565 x 2.3 / 1040 x 588 x 2.3
Rated Pmpp [W]... 100; 105; 110 Tolerance of rated Pmpp [%] +3
Rated Voc [V]....... 24.60; 24.80; 25.00 Tolerance of rated Voc [%]............. +3
RatedlIseifAl cesennnnaiae : | 5:2255:42:'5.62 Tolerance of rated Isc [%]...........: +5
Maximum system voltage [V]....... .| 1500 Safety class acc. to IEC 61140.....: | Class |l
Min-creepage distance [mm] ....... ;: | 15/16/14/13.5 Elusetrating Al cmvi e s = I8
Design load [Pa] / front ................ .| 2400 Safety factor / front .......cccoovveeeest | 1.5
Design load [Pa] / back................ ;| 1600 Safety factor / back............cceue 2
Module type .o, | 30 cells: SPPXXXQH1S(XXX=85-90W, in increments of 5)

Dimensions [mm] /Ixw x h......... © | 1840x295x 1.7

Rated Pmippi[Wlswe o : | 85;90 Tolerance of rated Pmpp [%]......... | £3
Rated Vot [V]scviiimrdsvavns: : | 204, 20.6 Tolerance of rated Voc [%] ........... | £3
Rated |se [A] wiinmnninanvn : | 5.38; 5.54 Tolerance of rated Isc [%].............. | £5
Maximum system voltage [V]....... ;| 1600 Safety class acc. to IEC 61140.....: Class I
Min-creepage distance [mm] ....... i | 1732 Euse rating [Al o s 10
Design load [Pa] / front ................ : | 2400 Safety factor / front ..........cccovveennnn 1.5
Design load [Pa] / back............... : | 1600 Safety factor / back..........cccceeenit 1:5:
Maduletype s s sy .| 138 cells: SPPXXXNHGS(XXX=370-400W, in increments of 5)
Dimensions [mm] ] 1980 x 1016 x 2.5

Rated Pmpp Ml - @2%975; 380; 385; 390; | Tolerance of rated Pmpp [%)......: | £3

(S
Conflrmatlon{oft e
Wuxi, 08/04/ Fjgg.}

Yorg ROz

(Applicant's legally authorized S|gnature and stamp)

Confirmation of TUV NORD CERT
Shangha' 08/04/2023 (Place and date)

’551%/“ &

L & Bellaliu
MU E#8: 2022.08.08

10:27:31 +02'00'

PV-F-026 CDF

PV-T-086 TRF 61215 61730

(Signature of authorized TUV NORD CERT engineer)
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

TUVNORD

File No.: PVP02093/23P-02 Attached to Test Report No.: 492011490.006
395; 400;
RatedNoe V] mivissonsis o 1 | 46.4; 46.6; 46.8, 47.0, Tolerance of rated Voc [%] ........... | #3
47.2;47.4,47.6
Ratediiscl[All vnimimantiaa .1 10.48; 10.53; 10.58; Tolerance of rated Isc [%]............. | 5
10.63; 10.68; 10.73;
10.78
Maximum system voltage [V]....... .| 1500 Safety class acc. to IEC 61140...... | Class |l
Min-creepage distance [mm] ....... ! 17.25 Fuse rating [A] ..o i 15
Design load [Pa] / front ................ .| 2400 Safety factor / front .........cccceeen | 1.5
Design load [Pa] / back................ .| 1600 Safety factor / back........c.ceoeeeeeees | 1.5
Module type ....cooooviveriieiiee, 1| 126 cells: SPPXXXNHES(XXX=340-365W, in increments of 5)
Dimensions [mm] /Ixw x h......... : | 1840 x 1040 x 2.5
Rated Pmpp [W]...ccooiniiiineiis . | 340; 345; 350; 355; 360; | Tolerance of rated Pmpp [%]......... | £3
365
Rated Voc [V]....cccveviiiiiniiiis 1| 41.9; 42.1; 42.3; 42.5; Tolerance of rated Voc [%] ........... | £3
42.7;42.9
Rated ISG [A] ..oooeieeeeeeeeee i 10.4;10.49;10.58;10.67; | Tolerance of rated Isc [%]............. £5
10.76; 10.85; 10.94;
Maximum system voltage [V]....... .1 1500 Safety class acc. to IEC 61140...... | Class |l
Min-creepage distance [mm] ....... + 11625 Euse rating/[A] o mansamansat (| 15
Design load [Pa] / front ................ .| 2400 Safety factor / front : 1 1:5
Design load [Pa] / back................ .| 1600 Safety factor / back........... ; 1.5
Module type ....cccoieiriiiiiiiinn | 42 cells: SPPXXXNH42S(XXX=115-120W, in increments of 5)
Dimensions [mm] /I xwxh........ : | 1220 x 523 x 1.7
Rated Pmpp [W]....c.covivniieieniennn ;| 115; 120 Tolerance of rated Pmpp [%]......... | 3
Rated Ve [Vl ommmmmmman: . | 28.4; 28.6 Tolerance of rated Voc [%] ...........: | £3
Rated Isc [A] 5.10; 5.25 Tolerance of rated Isc [%] +5
Maximum system voltage [V]....... : 1500 Safety class acc. to IEC 61140.....: Class Il
Min-creepage distance [mm] ....... 2 s Fuseratingi[Alscesmmnaensst (19
Design load [Pa] / front ................ .| 2400 Safety factor / front .........ccceevinit 15
Design load [Pa] / back................ .| 1600 Safety factor / back..........cc.occocce.s | 1.5
Moduletype o aammi s | 36 cells: SPPXXXNH36S(XXX=95-105W, in increments of 5)
Dimensions [mm] / Ir"x!vxf Xh 1070 x 520 x 1.7
Rated Pmpp : ‘ Tolerance of rated Pmpp [%]........: +3
7 L2y
Conflrma%&iﬁj f Confirmation of TUV NORD CERT
Wuxi, 08/ fo2 / Shanghai, 08/04/2023 (Place and date)
= - HFEE
Yo el B
(Applicant's legally authorized signature and stamp) (Signature of authorized TUV NORD CERT engineer)
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Test Report TV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

TuV NORD
File No.: PVP02093/23P-02 Attached to Test Report No.: 492011490.006
Rated Voc: [V]:. v 1| 24.3; 24.5; 24.7 Tolerance of rated Voc [%] ... +3
Rated Ist [A] v 1 1 4.98;5.22; 542 Tolerance of rated Isc [%]........ .| 15
Maximum system voltage [V]....... ;| 1500 Safety class acc. to IEC 61140.....: | Class |l
Min-creepage distance [mm] ....... |15 Fuse rating [A] ........ 4 |9
Design load [Pa]/ front ................ 1| 2400 Safety factor / front .... 1.5
Design load [Pa] / back................ ;| 1600 Safety factor / back 1.5
Module type.aus s maumsmnmnans | 30 cells: SPPXXXNH1S(XXX=80-85W, in increments of 5)
Dimensions [mm] /Ixw X h......... : 1810 x 290 x 1.7
Rated Pmpp [Wl.ominanami. © | 80;85 Tolerance of rated Pmpp [%]........ | #3
Rated VOE [V nimisas :119.9;20.1 Tolerance of rated Voc [%] ...........: +3
Rated 186 [A] iiiiaimssmii. 1 | 5.22; 542 Tolerance of rated Isc [%].............. | #5
Maximum system voltage [V]........ : | 1500 Safety class acc. to IEC 61140.....: | Class Il
Min-creepage distance [mm] .......: | 17.32 Fuse rating [A] .c.coceecvvieeivicncennnl | 9
Design load [Pa] / front ......ccccee. T | 2400 Safety factor / front ..ot | 1.5
Design load [Pa] / back................ .| 1600 Safety factor / back ... 1.5
Copy of marking plate:
63 A
Maximum Power #HHW | Power Selection 0~+5W
S Maximum Power Voltage (Vmp)| ##.#v | Operaling Temperature 40~+85°C|
Sunpor( Maximum Power Current (Imp) | ##.##A | Nominal Module Operaling
lIJ ¥ E j{jcm Open Circuil Voltage (Voc) .4y | Temperature (NMOT) AN20
Short Circuit Current (Isc) HEHIA A\ CAUTION
Model SPPH#HHHHS Maximum Power Tolerance R | e e g
Dimension (LxWxH) et A mn] Open CICUIlVoage TOIBTance | 23% | ot g e oot et
Weight #.4Kg Shorl Gircuit Current Tolerance | £6% | oo rianie o st massiasbenont
Maximum System Veltage DC 1500V A= Jlangsu Sunport Powar Corp., Ltd.
Maximum Series Fuse Rating| ##A C E @ & T.T:m&'ff&";?mm
Application Class Class A e ey Faxi496-510-8430626  MadelnChina
"
e
Maximum Power ##H#W | Power Seleclion 0~+5W
{ Maximum Power Voltage (Vmp)| ###v | Operaling Temperature  |-40~+85'C|
3 -
Su npnrl Maximum Power Current (Imp) | ##4##A | Nominal Module Operating s
B 3‘Ejtm Open Circuit Voltage (Voc) #itgy | Temperature (NMOT) 43220
Short Circuit Current (Isc) ## A A CAUTION
Model SPP####1KES (H) | Maximum Power Tolerance 3% |Suchyisgmmetinii zod ik pentulon
Dimension (LxWxH) b b #mn] Open Circuit Voltage Tolerance| 3% ?,’::::;";;;‘;f‘;:;’:m'"' ':“°'°°’“”‘
Weight ##Kg Short Ciroull Current Tolerance | £5% | Oorainands & i macuss et
Maximum System Voltage DC1500V N} Jlun_geu Sunport Powaer Corp.Ltd.
Maximum Series Fuse Raling|##A C E @ s
ADD“CB“O“ Class !"’f'(r.;ﬂv Glass ﬁ“f ” v\:v\q! :Egnmgg:: == Fax:+86-510-84200626 Made In China
k 31T D5 e,
L )
bt [' e 7
[ ’/JI‘H i< i \"¥ .
Confirmation| of.the f J gant-/ Confirmation of TUV NORD CERT
Wuxi, 08/04/ ﬂ%dé)/f ”J ,' Shanghai, 08/04/2%(Place and date)
k #
: BellaLiu
2000 . ‘./IU- H#: 20230808
\{Qnﬂ nuo l S il _/QMQ\ 10:28:01 +08'00"
‘ (Applicant's legally authorized signature and stamp) (Signature of authorized TUV NORD CERT engineer)
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Test Report TUV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

TUVNORD

File No.: PVP02093/23P-02 Attached to Test Report No.: 492011490.006

List of critical materials and components:

Object Manufacturer Type Technical Data Remark
Components
6" mono cell 1 XuzZhou Guyang New Energy MWT (MONO) Dimension (w x |)= 1568.75mm x Tested with PV
Co., Ltd. 158.75mm modules
Thickness = 180+20um
Cell area = 249.86cm?
0 busbars, 36 conductive holes
Perc cells
6" mono cell 2 XuZhou Guyang New Energy MWT (MONO) Dimension (w x I)= 162.75mm x Tested with PV
Co., Ltd. 81.375mm modules
Thickness = 180+20pm
Cell area = 132.18cm?
0 busbars, 18 conductive holes
Perc cells
6" mono cell 3 XuZhou Guyang New Energy MWT (MONO) Dimension (w x I)= 166mm x 83mm Tested with PV
Co., Ltd. Thickness = 180£20pm modules
Wuxi Sunport Power Co., Ltd. Cell area = 137.075¢m?
0 busbars, 18 conductive holes
Perc cells
Front cover 1 Jolywood (Suzhou) Sunwatt FFC-JW30 Thickness = 0.315£0.015 mm Tested with PV
Go:;Ld. (plus) Material: FFC / PET / FFC modiles
Thickness = 25um / 275um / 15um CTl report no.
Color: Transparent 50135655 008
CTI=600
Front cover 2 Cybrid Technologies Inc. Cynagard Thickness = 0.320£0.02 mm Tested with PV
455AR) Material: Polymer resin / PET / modules
Polymer resin CTl report no.
Thickness = 15um / 300pm / 5pm TRPVP07036/21P/
Color: Transparent 01
CTI=600
Rear cover 1 Jolywood (Suzhou) Sunwatt FFC-JW30 Thickness = 0.315+0.015 mm Tested with PV
Cottd: (plus) Material: FFC | PET / FFC modules
Thickness = 25pm / 275um / 15um CTl report no.
Color: White / Black 50135655 002
CTI=600
Rear cover 2 Jolywood (Suzhou) Sunwatt FFCJW3010 Thickness = 0.310+0.015 mm Tested with PV
£ it (plus) Material: FFC / PET / FFC modios
Thickness = 12um / 285pm /13um Certificate no.
Color: White R50484166 003
CTI=600
Conductive paste ELSOLD GmbH & Co. Kg Solder Paste Bi: 57+1.0 Tested with PV
AR=10 Sn:42+1.0, Agi120.2 Hodtles
Conductive core Xuzhou Sunport Power New Cu Cu Tested with PV
‘ board 1 Materials Co.,Ltd 0.035mm modules
£ "
Confirmation’ f the appli Confirmation of TUV NORD CERT
Wuxi, 08/04/2023 (K Shanghai, 08/04/2023 (Place and date)
b A -l L
o / W L #: BellaLiu
g s A W HEE: 20230808
\(0!\3 'H‘“D'J_JJ' A 10:28:26 +08/00"

(Applicant's legally authorized signature and stamp) (Signature of authorized TOV NORD CERT engineer)
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File No.: PVP02093/23P-02

File No.: PVP02093/23P-02

Test Report TV NORD

Test Report No.: 492011490.006

TuV NORD

Attached to Test Report No.: 492011490.006

Object Manufacturer Type Technical Data Remark

Conductive core Xuzhou Sunport Power New Cu-Al composite | Cu-Al composite foil, thickness is Tested with PV

board 2 Materials Co.,Ltd foil / EVA 0.047mm modules

(Combine with EVA , aerial density is 260g/m?

Encapsulation

material 1)

Insulation layer Xuzhou Sunport Power New GPS Thickness = 0.15mm /0.17mm Tested with PV
Materials Co.,Ltd modules

(between cell
and Conductive
core board)

Encapsulation
material 1

Cybrid Technologies Inc.

Cybright T22 Aerial density = 560g/m? / 390g/m? Tested with PV

(between cell CTI=600 modules

and front cover)/ CTl report no

Cybright T22 :
15043899 038

(between cell
and rear cover)

Encapsulation
material 2

Cybrid Technologies Inc.

Cybright T22 Aerial density = 560g/m? / 390g/m? Tested with PV

(between cell CTI=800 modules

and front cover)/ CTl report no

Cybright G22 i
ybigx 15043899 038

(between cell

and rear cover) 15043899 058

Encapsulation
material 3

Hangzhou First PV Material
Co.,Ltd.

TF4(between Aerial density = 560g/m? / 390g/m? Tested with PV
cell and front CTI=600 modules
cover) / TF4 CTI report no

(between cell

and rear cover) 15101259 005

Glass fiber grid cloth

Hebei Huaxing Glass Fiber
Co., Ltd

between Aerial density = 180 (-10 to +20) g/m? Tested with PV
Conductive core modules
board and

encapsulation
material near the

rear cover
Internal wiring 1 (for | Wuxi Sveck Technology Co., Copper belt with | Width =6.0mm Tested with PV
inter-string Ltd tin plated Thickness = 0.35mm modules
connection I
) Sn60%Pb40%
Internal wiring 2 (for | Suzhou Boneed Photovoltaic Copper belt with | Width =6.0mm Tested with PV
inter-string Technology Co., Ltd. tin plated Thickness = 0.3mm modules
ti '
peinecton SnB0%PbA0%
Soldering material Hangzhou Youbang Electronic | Sn63PbA Sn63Pb37 Tested with PV
New Material Co., Ltd. modules
Adhesive (frame) N/A N/A N/A N/A

Junction box set 1

—

| Confirmatio

|

of thef:

Aplica

Wuxi, 08/04/202 (ig'déé,éﬁd’,da{agﬁ;f‘- !f] J
\ .

])

"\.m_ G
‘{om3 PuBeoo oo

< L /\ "'

(Applicant's legally authorized signature and stamp)

PV-F-026 CDF

PV-T-086 TRF 61215 61730

Confirmation of TUV NORD CERT
Shanghai, 08/04/2023A§Zlace and date)
B4

M Liu ﬁﬁﬁmggzguosos

10:28:41 +08'00'

(Signature of authorized TUV NORD CERT engineer)
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Test Report TV NORD

File No.: PVP02093/23P-02

File No.: PVP02093/23P-02

Test Report No.: 492011490.006

TUVNORD

Attached to Test Report No.: 492011490.006

Object Manufacturer Type Technical Data Remark
Junction box Jiangsu Tonglin Electric Co., TL-BOX022.3-A- | Rated voltage = 1500VDC Certificate no.
Ltd. 2-1xyzF; Rated current = 15A (x=1) or 18A R50539999
TL-BOX022.3-A- | (x=2) or 20A (x=3)
2-2xF; Number of diodes: 1 for each box
TL-BOX022.3-A-
2-3xyzF;
TL-BOX022.3-B-
2-1xyzF;
TL-BOX022.3-B-
2-2xF;
TL-BOX022.3-B-
2-3xyzF
Adhesive (junction TONSAN ADHESIVE INC. 1527 Color: white / black =
box
) Shanghai Huitian New HT906Z Color: white/ black =
Material Co., Ltd.
Jiangsu Tianchen New HT-8258 Color: white -
Materials Co., Ltd.
Jiangsu Crevo Technology CV709 Color: white =
Co., Ltd.
Chengdu Guibao Science and | 888N Color: white -
Technology Co., Ltd.
Potting material TONSAN ADHESIVE INC. 1521 Color: white -
TONSAN ADHESIVE INC. 1533 Color: white -
Jiangsu Tianchen New HT-6360AB Color: white -
Materials Co., Ltd.
Dupont Dow-Corning Color: white / black =
PV-7326
Shanghai Huitian New 5299W-S Color: white -
Material Co., Ltd.
Sika(Jiangsu) Industrial CV315 Color: white -
Material Ltd,
Chengdu Guibao Science and | 4808 Color: white =
Technology Co., Ltd.
Bypass diodes Jiangsu Tonglin Electric Co., PT001B-L Tj max = 200°C -
Lid. (x=1) If = 25A
Jiangsu Tonglin Electric Co., PT001B-H Tj max = 200°C -
Ltd. (x=2) If = 30A
Jiangsu Tonglin Electric Co., PT001B-SH Tj max = 200°C -
Ltd. (x=3) If = 30A
Cable Jiangsu Tonglin Electric Co., 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
Lid. 1%4.0mm? R50462100
Suzhou Baohing Electric Wire | 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
& Cable Manufacturer Co., 1x4.0mm? R50464210
Ltd.
Wuxi Xinhongye Wire & Cable | 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
Co., Ltd. 1x4.0mm? R50439595
1 N o .
Confirmation of, appli{;aj}t[ y ] 1] \ Confirmation of TUV NORD CERT

Wuxi, 08/04/2@23 Plﬁsﬂﬁqp, at ),

Yong

/

(-\uO‘

(Applicant's Iegally authorlzed éug%la{h‘re and stamp)

PV-F-026 CDF

PV-T-086 TRF 61215 61730

Shanghai, 08/04/2023 (Place and date)

Hraa

2 . % Bellaliu
LM H#7: 20230808

10:28:55 +08'00"
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File No.: PVP02093/23P-02

Test Report

TuV NORD

Test Report No.: 492011490.006

TuUVNORD

Attached to Test Report No.: 492011490.006

Jiangsu Tonglin Electric Co.,
Ltd.

TL-CABLED1S-F

TL-CABLEO1S
Pro

Object Manufacturer Type Technical Data Remark
Changshu JHOSIN 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
Communication Technalogy 1x4.0mm? R50413335
Co., Ltd.

Connectors TL-CABLEO1S

Rated voltage = 1500VDC
Rated current = 41A

Certificate No.
R50514839

Jiangsu Tonglin Electric Co.
Ltd.

BlGabcdefgh

Rated voltage = 1500VDC
Rated current = 45A

Certificate no.
R50624455

F20A1 or F20B)

Staubli Electrical PV-KST4-EVO Rated voltage = 1500VDC Certificate no.
Connectors AG 2/xy_UR; Rated current = 45A R60127169
PV-KBT4-EVO
2/xy_UR
PV-KST4-EVO Rated voltage = 1500VDC
2Axy; Rated current = 45A
PV-KBT4-EVO
2A/xy
Amphenoal Technology UTXCFabed Rated voltage = 1500VDC Certificate no.
Shenzhen) Co., Ltd. (female) and Rat t= 424 R50340393
(¢ en) Co N ated curren
(male)
Junction box set 2
Junction box Jiangsu Tonglin Electric Co., TL-BOX216x Rated voltage = 1500VDC Certificate no.
Ltd. (x=F20A or Rated current = 20A

Number of diodes: 1 for each box

R50501686

Adhesive (junction TONSAN ADHESIVE INC. 1527 Color: white / black -
box
) Shanghai Huitian New HT906Z Color: white/ black =
Material Co., Ltd.
Jiangsu Tianchen New HT-8258 Color: white -
Materials Co., Ltd.
Jiangsu Crevo Technology CV709 Color: white -
Co., Ltd.
Chengdu Guibao Science and | 888N Color: white -
Technology Co., Ltd.
Potting material TONSAN ADHESIVE INC. 1521 Color: white -
Shanghai Huitian New 5299W-S Color: white -
Material Co., Ltd.
TONSAN ADHESIVE INC. 1533 Color: white @
Jiangsu Tianchen New HT-6360 Color: white -
Materials Co., Ltd.
Sika (Jiangsu) CV315 Color: white -
Industrial Material Ltd.
Chengdu Guibao Science and | 4808 Color: white -
Technology Co., Ltd.
Bypass diodes Jlangsu Tonglm Electnc Co., PT001D-20 Tj max = 200°C -
Ltd = -
- [\ RT p )( .| (X=F208) If = 30A
g ( N\
A T \;;rg\ 04“;»\
Confirmation 014 f’ 4 J [ " W\ ol | Confirmation of TUV NORD CERT
Wuxi, 08/04/202 IaE ﬁ?ﬁ ),{ , ”J Shanghai, 08/04/2023 (Place and date)
J), (EME
) e
\{c‘,’g H“O 20 0000005 3 Z/P/M {/IM 102909+0500

(Applicant's legally authorized S|gnature and stamp)
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Test Report TV NORD

File No.: PVP02093/23P-02 Test Report No.: 492011490.006

TuVNORD

File No.: PVP02093/23P-02 Attached to Test Report No.: 492011480.006

Object Manufacturer Type Technical Data Remark
PanJit International Inc. GF4045 Tj max = 200°C o
(asE208) If = 40A
Jiangsu Tonglin Electric Co., PT001H-20 Tj max = 200°C
Ltd. (X=F20A1) If = 25A
Cable Jiangsu Tonglin Electric Co., 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
Ltd. 1x4,0mm? R50462100
SUZHOU YONGHAO CABLE 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
CO., LTD. 1x4.0mm? R50401233
Suzhou Baohing Electric Wire | 62930 IEC 131 Rated voltage = 1500VDC Certificate no.
& Cable Co., Ltd. 1x4.0mm? R50464210
Connectors Jiangsu Tonglin Electric Co., TL-CABLEO1S Rated voltage = 1500VDC Certificate no.
Ltd. TL-CABLEO1S- | Rated current = 30A R50332064
F
TL-CABLEQ1S-
FR;
TL-CABLEO1S
Pro
Staubli Electrical Connectors PV-KST4-EVO Rated voltage = 1500VDC Certificate no.
2ixy_UR; Rated current = 45A R60127169
PV-KBT4-EVO
2ixy_UR
PV-KST4- Rated voltage = 1500VDC
EVO2AKy; Rated current = 45A
PV-KBT4-
EVO2A/xy
Jiangsu Tonglin Electric Co., BlGabcdefgh Rated voltage = 1500VDC Certificate no.
il Rated current = 45A R50424961
Remark:

(1) Fire test Class C (MST 23 of IEC 61730-2; 2016) has been evaluated on all the raw materials listed
above with installation method that a supporting plate be added on the back of module.

(2) Pollution degree | (Sequence B1 of IEC 61730-2:2016) has been evaluated on all the raw materials
listed above.

(3) Those materials marked in blue are added in most recent project.
—————————— End of CDF -------—-

Confirmation|c

Confirmation of TUV NORD CERT
Wuxi, 08/04/20%

Shanghai, 08104/2% (Place and date)

HFEEE
) . %: bellaliu
W(ﬂ LM H48: 20230808
1029:24 40800

(Signature of authorized TUV NORD CERT engineer)

PV-F-026 CDF

Page 11 of 11 Version 1.2

PV-T-086 TRF 61215 61730 Page 123 of 131

Version 1.6



File No.: PVP02093/23P-02

Test Report

Annex 2: List of measurement equipment

TuV NORD

Test Report No.: 492011490.006

Measurement / testing Measuring equipment Equipment ID Calibration due date
Visual inspection Luminometer TNRDTO002 02/20/2024
Maximum power Pulsed Solar Simulator TNRDEQOO1 02/20/2024
determination
Insulation test Withstanding voltage/Insulation | TNRDTIO01 02/20/2024
resistance tester
Thermometer TNRDTOOQ003 02/20/2024
Measurement of Pulsed Solar Simulator TNRDEQOO01 02/20/2024
temperature coefficients X
High temperature chamber TNRDEQOO08 03/15/2024
Performance at STC High temperature chamber TNRDEQOO05 02/20/2024
Pulsed Solar Simulator TNRDEQOO01 02/20/2024
Performance at low Pulsed Solar Simulator TNRDEQOO01 02/20/2024
irradiance
Outdoor exposure test PV Module Test System TNRDTI002 10/13/2023
Hot-spot endurance test Steady-state solar simulator TNRDEQO11 03/15/2024
Pulsed Solar Simulator TNRDEQOO1 02/20/2024
UV-test UV radiation testing machine TNRDEQO04 04/11/2024
Humidity freeze test Temperature/humidity cycling TNRDEQOO08 03/15/2024
environment chamber
DC Power Suppl TNRDTI025 03/15/2024
Thermal cycling test High and low temperature chamber | TNRDEQOO05 03/15/2024
DC Power Supply TNRDTIO11 03/15/2024
Robustness of terminations | Digital display push pull meter TNRDTIO03 03/09/2024
Weight TNRDTO054 10/13/2023
Damp heat test High and low temperature chamber | TNRDEQOO06 03/15/2024
Wet leakage current test Withstanding voltage/ TNRDTI020 02/20/2024
Insulation resistance
tester
Conductive meter TNRDTIO04 02/20/2024
Static mechanical load test / | Mechanical load tester TNRDSMO001 10/13/2023
Cyclic (dynamic) mechanical
load test
Hail test Hail impact test machine TNRDEQOO07 02/20/2024
Bypass diode thermal test Humidity cycling environment TNRDEQOO08 03/09/2024
chamber
Diode thermal performance testing | TNRDTI027 10/13/2023
system
Pulsed Solar Simulator TNRDEQOO01 02/20/2024
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:Bypt:ass diode functionality | Pulsed Solar Simulator TNRDEQOO0O1 02/20/2024
es
Initial stabilization Steady-state solar simulator TNRDEQO11 03/15/2024
Resistive Load TNRDTIO13 02/20/2024
Potential induced High and low temperature chamber | TNRDEQO012 03/09/2024
degradation test PID Tester TNRDTIO18 10/13/2023
Accessibility test Test finger TNRDTIO10 02/20/2024
Cut susceptibility Cut susceptibility tester TNRDTOO015 03/08/2024
test
Impulse Voltage test Pulse Voltage Generator ES21-46 06/18/2023
Digital phosphor oscilloscopes ES21-126-02 10/08/2023
Temperature test Steady-state solar simulator TNRDEQO11 02/20/2024
Reverse current overload DC Power Supply TNRDTIOO07 02/20/2024
test
Module breakage test Impact tester TNRDEQO002 02/20/2024
Materials creep test High and low temperature chamber | TNRDEQO12 03/15/2024
Cold conditioning humidity cycling environment TNRDEQOO08 03/15/2024
chamber
Dry heat conditioning High and low temperature chamber | TNRDEQO012 03/15/2024
Fire test Appearance Test Platform GF-24 WGCS-1 03/02/2024
Lumen per meter GF-28 1010A 03/02/2024
Photovoltaic module combustion GF-112 SCF 03/02/2024
test system
Continuity test of Safety tester TNRDTI020 02/20/2024
equipotential bonding
Durability of markings Clock TNRDTOO010 03/21/2024
Sharp edge test Sharp edge tester TNRDTOO053 03/21/2024
Ignitability test PV module ignitability tester ng 17 KRX-V2- | 03/02/2024
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Annex 3: Statement of the estimated uncertainty of the test results
The total measuring uncertainty of Pmpp is < 2.48%

The total measuring uncertainty of Isc is < 2.44%

The total measuring uncertainty of Voc is < 0.90%
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Annex 4: Photos
Module type: SPP375QHES (BOM1)

Front overview Back overview

Maximum Power 375W_| Power Selection 0—+5W

Maximum Power Voltage (Vmp] 35.3V_| Operating Temperature | 40~+85 (|

Sunport E 3{' j’é TK Maximum Power Current (Imp) | 10.62A | Nominal Module Operating B
) Open Circuit Vollage (Voc) | 42.8v | Temperature (NMOT) | 43£2€

Short Circuit Current (1sc) | 11.23A
Model SPP375QHES | Maximum Power Tolerance | +3%
Dimension (LXWxH) [1840x1040+2 5mm| Open Circuit Voltage Tolerance| 3% |cu
Weight 57Kg Short Circult Current Tolerance| 5% i
Waximum System Voltage | DC1500V TS G0
Maximum Series Fuse Rating| 18A c € @ o E ,". et smia
Applcaion Class Class A San 084500625 MadeInChina

Solar cell

N/A

Edge Grounding Mark
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Junction box (TL-BOX216x) Junction box (opened)

N/A

Bypass diode (Junction box is potted) Cable (62930 IEC 131 1x4.0mm?)
‘, » —

Mark (Do not disconnect under load) Connectors (TL-CABLE)
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Module type: SPP375QHES (BOM2)

{
Front overview Back overview
Maximum Power 375W_| Power Selection 0-+5W
7.§;_!|I_1¢7 . , | Maximum Power Voltage (Vimp) 35 3v_| Operating Temperature _[40—+85 C
Sunport E 3{ Jt TK Maximum Power Current (Imp) [ 10.62A | Nominal Module Operating
7/|“\\V= Open Circuit Voltage (Voc) | 42.8v | Temperature (NMOT) 43£2C
Short Circuit Current (Isc) | 11.23A
Model SPP375QHES | Maximum Power Tolerance | 3%
Dimension (L\WxH) 1184010402 5mm| Open Circui Voltage Tolerance| 3%
Weight 57Kg Short Circuit Current Tolerance| 5%
Maximum System Voltage | DC1500V/ . Sangsu Sumport Power Corp L1
Wi St e R T8 CEM G X ==
‘Application Class ClassA S mmm PSR NedeinChie

Solar cell

N/A

Edge Grounding Mark
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Junction box (TL-BOX216x) Junction box (opened)

N/A

Bypass diode (Junction box is potted) Cable (62930 IEC 131 1x4.0mm?)

Mark (Do not disconnect under load) Connectors (TL-CABLE)
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Annex 5: Photos of fire test

Sample 16#: Spread of flame test (front) Sample 16#: Spread of flame test (back)

Sample 18#: Burning brand test (front) Sample 18#: Burning brand test (back)
----- End of test report -----
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