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Report Number: 4790739969.3.1-OTHER-S1

TEST DISCIPLINE: ELECTRONICS

PRODUCT GROUP: SOLAR PANEL

General details

Customer / Applicant

Citizen Solar Private Limited

New Survey No. 966, Village: Indrad, Chhatral Kadi Road,
Ta. Kadi, Dist. Mehsana, Gujarat-382715

Citizen Solar Private Limited

Manufacturer New Survey No. 966, Village: Indrad, Chhatral Kadi Road,
Ta. Kadi, Dist. Mehsana, Gujarat-382715
Program OTHER

Item Under Test

Photovoltaic Module

Model CSPL-144MHC-TF-540
Number of Samples 01
o Refer Summary of Test results for multiple
UL. Sample Identification 6190605 n y . utip
samples
Manufacturer Serial Number CSPL23050019
(if any)
Condition of IUT on receipt Good

Date of Receipt

15 June 2023

Applicable Standard

CEC-300-2018-009-CMF, Guidelines for California’s Solar Electric Incentive

Programs

IEC 61215, Crystalline silicon terrestrial photovoltaic (PV) modules — Design
qualification and type approval, Edition 2, Issue Date 04/27/2005

Date of Testing (Start date) 2 January 2024 End Date 23 January 2024
. " Temperature in °C (23 £5)°C
UL general ambient condition . ——
Relative humidity in % <70 %
Date of Issue 22 March 2024
Test In-charge Naveen Kumar N
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conformity in accordance with IEC Guide 115: 2023, Clause 4.3.3.

The issuance of this report in no way implies Listing, Classification or Recognition by UL and does not authorize the use of UL Listing, Classification or Recognition Marks or
any other reference to UL on the product or system. UL authorizes the above-named company to reproduce this Report provided it is reproduced in its entirety. UL's name or
marks cannot be used in any packaging, advertising, promotion or marketing relating to the data in this Report, without UL's prior written permission. The results of testing in
this report apply only to the sample product/item, which was tested. UL Lab has not participated in the sample. Other similar sample will not necessarily produce the same
results due to production tolerance and measurement uncertainties. The laboratory is not responsible when the information is supplied by the customer and can affect the
validity of results. The applicable standard ambient condition supersedes the lab general ambient conditions and are recorded in datasheets available in the lab. Decision rule
for statement(s) of conformity is based on IEC Guide 115:2023, Clause 4.3.3 Simple Acceptance. Measurement uncertainty is not applied when providing statements of

Form-ULID-003263 (DCS:12-LO-F0852) Issue: 19.0

UL India Private Limited

Registered Office: Kalyani Platina - Block |, 3rd Floor

No. 24, EPIP Zone, Phase II, Whitefield, Bangalore - 560066, India
1:91.80.4138.4400 / F: 91.80.2841.3759 / W: ul.com

CIN: U74200KA1997PTC0O23189

Page 3 of 15

This document is digitally signed and does not require signature on all pages




Report Number: 4790739969.3.1-OTHER-S1

General Remarks (If any)

UL Company did not select the sample(s), determine whether the sample(s) was representative of production
samples, witness the production of the test sample(s), nor were we provided with information relative to the
formulation or identification of component materials used in the test sample(s). The test results apply only to the
actual samples tested.

The issuance of this report in no way implies Listing, Classification or Recognition by UL and does not authorize
the use of UL Listing, Classification or Recognition Marks or any other reference to UL on the product or system.
UL Company authorizes the above-named company to reproduce this Report provided it is reproduced in its
entirety. UL's name or marks cannot be used in any packaging, advertising, promotion or marketing relating to the
data in this Report, without UL's prior written permission.

UL Company its employees, and its agents shall not be responsible to anyone for the use or non-use of the
information contained in this Report, and shall not incur any obligation or liability for damages, including
consequential damages, arising out of or in connection with the use of, or inability to use, the information contained
in this Report.

UL Company has not established a factory Follow-Up Service Program to determine the conformance of
subsequently produced products, nor has any provision been made to apply any registered mark of UL to such
product(s).

UL Company’s services are provided independently of UL’s Conformity Assessment services such as preliminary
product investigations, product certification, or field evaluation services. UL Company does not provide specific
product design solutions, including prescriptive revisions to existing or prospective product designs.

UL Company does not guarantee, warranty or provide an assurance (express or implied) that a positive test result,
compliance report, or issuance of a UL certification mark will result from the testing performed or the information
contained in this Report.

"UL Company” means a UL Contracting Party or an entity controlled by, controlling, or under common control with
a UL Contracting Party. "Control" means the possession, directly or indirectly, of the power to direct or cause the
direction of the management and policies of an entity, whether through ownership of more than 50% of the interests
in such entity, by contract, or otherwise. The UL Company identified or referred to in a quotation or project
confirmation or service agreement shall be referred to as “UL Contracting Party”..

This report for enterprise internally research use only, do not applicable to use as the society proven purpose.
This report shall not be reproduced except in full, without the written approval of UL company.

If you have any objection to this report, please raise it within 15 days from the date of receipt of the report. If there
is no objection more than 15 days after the acceptance of the report, the report shall be deemed to have been fully
accepted.
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Summary of Test Results

This report is prepared only for the additional performance testing (beyond UL 1703 or UL 61730-1 and UL 61730-
2 PV module safety standards) required by the CEC guideline CEC-300-2018-009-CMF — Titled “GUIDELINES
FOR CALIFORNIA’S SOLAR ELECTRIC INCENTIVE PROGRAMS, (SENATE BILL 1), SEVENTH EDITION” dated
December 2018. This report does not include an evaluation of the provided samples’ compliance to UL 1703, UL
61730-1 or UL 61730-2.

Samples of the photovoltaic module type “CSPL-144MHC-TF-540" was submitted by the manufacturer for
examination and test.

Based on CEC (California Energy Commission) Guidelines for California’s Solar Incentive Programs, seventh
Edition, December 2018 requirements a reduced IEC 61215 test program was conducted on the above samples.
Test results relate only to the items tested.

Description of Iltem under Test (IUT)
1.1. Sample selection procedure.

All the sample were selected and provided by client, UL LLC did not select the sample[s], determine whether the
sample[s] was representative of production samples, witness the production of the test sample[s], nor were we
provided with information relative to the formulation or identification of component materials used in the test
sample[s].

The following procedure must be followed to select representative models for additional testing. It is based on the
procedure from Appendix B of the document CEC-300-2018-009-CMF — Titled “GUIDELINES FOR CALIFORNIA’S
SOLAR ELECTRIC INCENTIVE PROGRAMS, (SENATE BILL 1), SEVENTH EDITION” dated December 2018.
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Report Number: 4790739969.3.1-OTHER-S1

1.1.1. Grouping of Modules for Testing:

For testing and reporting of performance values, families of similar modules may be grouped together to reduce the
required number of tests. Module similarity for grouping of modules for testing shall be determined by the ISO/IEC
17025 accredited laboratory performing the additional testing as required on pages B-1 and B-2 of CEC-300-2018-
009-CMF. IEC TS 62915, Photovoltaic (PV) Modules — Type approval, design and safety qualification — Retesting
shall be used for guidance.

NRTL certification to UL 1703 or UL 61730-1 and UL 61730-2 of the PV models tested in this report was conducted
by:

[X] UL Solutions, under file: E532868

[ 1 Other NRTL, as stated by the PV module manufacturer

Verification of module components is the responsibility of the NRTL that has certified the model to UL 1703 or UL
61730-1 and UL 61730-2.

The module manufacturer has identified the construction of each Main group selected for testing by entering
component details in the table below. Component-level verification and factory surveillance is the responsibility of
the accredited NRTL that certifies the PV model(s) to UL 1703 or UL 61730-1 and UL 61730-2. (If only one
construction is used then there is only one Main group):

One samples of the photovoltaic module type CSPL-144MHC-TF-540" was submitted by the manufacturer for
examination and test.

Main Group 1
Construction item. CSPL-144MHC-TF-540
Highest power model in
group 545W
Module size 2279 X 1133 x 35mm
Manufactured By: Renewsys India Pvt Ltd., Bangalore, Type: Model No:
Encapsulant Conserv P UVT 14FC (Front) & Conserv P 360-14FC (Back), Thickness:

0.45£5%mm.

Manufactured By: Renewsys India Pvt. Ltd., Bangalore, Model: PRESERV-1-
300 TF (For Transparent Backsheet)

Substrate Total Thickness: 360 um, RTI: 140°C, FSI: 25

Type: Model: PRESERV-1-300WD (For White Backsheet), Total Thickness:
360um, RTI: 140°C, FSI: 30
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Report Number: 4790739969.3.1-OTHER-S1

Manufactured By: Borosil Renewables Ltd. India

Superstrate Type: High transmission low iron tampered AR coated glass, Thickness 3.2
mm, Textured, High Transmission (>94% for ARC)
Cells Manufacturer By: United Renewable Energy Co.Ltd

Type: Mono-crystalline PERC Bifacial Solar half cut cell- M10 cell size

Number of cells

144

Number of strings

3

Tabbing

Interconnect wires - Solder plated copper wires used for cell-to-cell
connections, 10 bus wires in parallel, each wire 0.35 mm diameter minimum.

Solder composition 60Sn40Pb.

End ribbons - Solder plated copper ribbons used for connections between
interconnect ribbons and junction box. 6 mm wide, 0.35 mm min. thick.
(Middle) and 4 mm wide, 0.35 mm. thick (Top and Bottom) Solder compaosition
60Sn40Pb.

Junction box

Junction Box: Manufactured by Genx PV India Private Limited, Type: GXSB-
01 rated 1500 Vdc, 25 A max
Potted with RTV “5299W-S” manufactured by SHANGHAI HUITIAN NEW

MATERIAL CO LTD.

Cabel: Dhash PV Technologies Pvt., Ltd. Compliance: 4 mm2, 1x4mm2, 1.5
KV DC, IEC 62930 compliance

Connector: Manufactured By: DhaSh PV Technologies Private Limited
Bangalore, Type: MC4 COMATIBLE MODEL: DS01, 1500V DC, 35A, IEC
62852 Compliance
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Report Number: 4790739969.3.1-OTHER-S1

The ratings of each model within the identified Main group shall be entered into the following table(s).

Main Group No. | [1]
Front Side Ratings Provided By The Manufacturer

O.pen. Rated Max Rated Short' Rated Max

Model Circuit System Circuit Power at
Voltage at Current at

Voltage at STC, (V de) Voltage, STC, (A do) Current at STC,

STC, (V dc) ' (V dc) ' STC, Adc) | (Watts)
CSPL-144MHC-TF-520 49.01 41.14 1500 12.65 13.55 520
CSPL-144MHC-TF-525 49.16 41.29 1500 12.73 13.63 525
CSPL-144MHC-TF-530 49.31 41.45 1500 12.80 13.69 530
CSPL-144MHC-TF-535 49.46 41.60 1500 12.88 13.76 535
CSPL-144MHC-TF-540 49.61 41.75 1500 12.95 13.83 540
CSPL-144MHC-TF-545 49.76 41.90 1500 13.02 13.90 545

Note: Tolerance for Isc, Voc is +2%, and Pmax is -0%/+2%\

1. For each Main group, the following tests (Test Lot 1) shall be performed on a model number (Model 2)
that has an STC power rating that is within 95 percent (rounded to the nearest watt) of the highest STC
power rating in the group (Model 1):

Nominal operating cell temperature (NOCT) determination
Temperature coefficient of short-circuit current
Temperature coefficient of open-circuit voltage
Temperature coefficient of maximum power

ooop

Test Lot 1
Rated Maximum

Model 1 Power at STC, Main Group Number
(Watts)

CSPL-144MHC-TF-540 540 1

Each Main group shall be split into subgroups according to the following criteria.

2. To determine the model with lowest STC Maximum Power which can be included in the first
subgroup of the Main group, following criteria apply:
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Report Number: 4790739969.3.1-OTHER-S1

STC Maximum Power rating (Model 2) <

0.9
STC Maximum Power rating (Model 3) —

All of the models with Maximum Power ratings falling between Model 1 and Model 3 constitute the first subgroup.
Note: No further subgroup identified.

Enter those models in the table. (Create additional tables as needed).

Main Group: 1
Subgroup: 1
Rated Maximum Identify Sample to be
Model Power at STC, used for testing
(Watts) (Model 2)

CSPL-144MHC-TF-520 | 520
CSPL-144MHC-TF-525 | 525
CSPL-144MHC-TF-530 | 530

540
CSPL-144MHC-TF-535 | 535
CSPL-144MHC-TF-540 | 540
CSPL-144MHC-TF-545 | 545
Each test model identified within each subgroup shall be selected for Test Lot 2.
Copy the models identified for testing into the following table.
Test Lot 2
Rated Maximum
Model Main Grou Subgrou
Power at STC, (Watts) P group
CSPL-144MHC-TF-540 540 1 1

Each model identified for testing shall be subjected to the following tests (Test Lot 2):

(10.6) Performance at Standard Test Conditions (STC)
(10.6) Performance at Standard Test Conditions (NOCT)
(10.7) Performance at Low Irradiance
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Report Number: 4790739969.3.1-OTHER-S1

Test Results:

2.1. Maximum Power Determination (IEC 61215 Clause 10.2)

Test date [yyyy-mm-dd]: 2024-01-02

Model no.

Voc (V)

Vmp (V)

Isc (Amps) Imp (Amps)

Pmp (W)

CSPL-144MHC-TF-540

49.93

42.02

13.53

12.90

542.18

2.2. Measurement of Temperature Coefficients (IEC 61215 Clause 10.4)

Test date [yyyy-mm-dd]: 2024-01-03.

Model tested / (S/N)

CSPL-144MHC-TF-540
S/N: CSPL23050019

Short circuit current (as) (%/°C) 0.0258
Maximum Power Current (am) (%/°C) 0.0018
Open circuit voltage (o) (%/°C) -0.2223
Maximum Power Voltage (Bm) (%/°C) -0.2943
Peak (max.) power (8) (%/°C) -0.2920

2.3. Measurement of Nominal Operating Cell Temperature (NOCT) (IEC 61215 Clause 10.5)

Test date [yyyy-mm-dd]: 2024-01-11 to 2024-01-14

Model tested/ (S/N)

CSPL-144MHC-TF-540
S/N: CSPL23050019

Nominal operating cell temperature (NOCT)

45.61°C
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2.4. Performance at Standard Test Conditions (STC) (IEC 61215 Clause 10.6)

Test date [yyyy-mm-dd]: 2024-01-23

TABLE: Performance at STC

Model no. Voc (V) Vmp (V) Isc (A) Imp (A) Pmp (W)
CSPL-144MHC-TF-540 49.79 41.79 13.51 12.93 540.28
2.5. Performance at Nominal Operating Cell Temperature (NOCT) (IEC 61215 Clause 10.6)
Test date [yyyy-mm-dd]: 2024-01-23

TABLE: Performance at NOCT

Model no. Voc (V) vmp (V) Isc (A) Imp (A) Pmp (W)
CSPL-144MHC-TF-540 | 1 g3 39.37 10.85 10.27 404.35
2.6. Performance at Low Irradiance (IEC 61215 Clause 10.7)

Test date [yyyy-mm-dd]: 2024-01-23

TABLE: Performance at Low Irradiance

Model no. Voc (V) Vmp (V) Isc (A) Imp (A) Pmp (W)
CSPL-144AMHC-TF-540 | /6 g3 41.95 271 257 107.97
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Appendix

PIV Graphs:

Current, A Power, W
150 — 750

120 — 600 5600

Title: CTTIZEN SOLAR, 470073006031
Cormnent: INITIAL PTV

Operator: Admin
ID: 6130603 (CSPL23030019)
Misdule Type: ModuleTypel
90 — 450 17:21:50 02-01-2024
Measured Temperanume =25 2°C
Corrected Temperatume = 25 0°C
Irr Meas = 100.0mW o
IrComr= 100.0mWom®
Too= 40.93%
L= 13534
6.0 — 300 Posx = 54218W
Vpm= 4202V
Ipm= 12804
FF= 0.80
m=2101%
Effc= 2301%
= 0.22 Chm
30 — 150 = 103.17 Chm

Load Veltazs: 5.300V
IV Points: 3916

0.0
0.0 15.0 30.0 450 60.0 75.0
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Current, A Power, W
150 — 750

120 — 600 £600

Title: CTTIZEN SOLAR. 47007300603 1
Commnent: PIV@STC

- Agmin
ID: 6190603
Midule Type: ModuleTypel
90 — 450 e Lreveranl
Mleasured Tenperanme = 24.7°C
Comected Temperamurs = 25.0°%C
Ty Mess = 100, (W e
T Cor= 100.0mW ax?
Toc= 4979V
= 13514
60 — 300 Pmax=  54025W
Vpm= 4170V
fm= 12934
FF= 0.80
Effm= 2003%
Effc= 220%%
Bs= 0.23 Ohm
i0 | 150 Bsh= 7131 Ol

Load Valtage: 5,300V
IVPaint: 3817

0.0 l
0.0 15.0 30.0 430 60.0 5.0
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Cuwrrent, A Power, W
150 — 500
120 [— 400 2600
Title: CTTIZEN SOLAR_4700730069.3 1
Commment: FIV@MOCT
Cperator: Admm
D: 6190605
Module Type: ModuleTypel
5.0 — 300 10:50:53 23-01-2024
Measmred Temperanme = 45.0°C
Trr Meas = 80.0mW/an®
IrCor= 30.0mWiar
= 4683V
Isc= 10854
Pmax= 404 35W
60 [— 200 Vpm= 3037V
m= 10274
= 0.80
m=19.58%
Effc=  2145%
= 025 Ohm
Bsh=  303.04 Obm
30 — 100
Load Volsage: 4.600V
IV Points: 3602
o0 | | | | |
0.0 10.0 20.0 30.0 400 50.0
oliaze, V
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Cuwrrent, & Power, W
400 — 150
320 — 120 600
Title: CITIZEN SOLAR,_4700730960.3.1
Commment: PIV@LOW IER
Ciperator: i
ID: 6190605
Module Type: MaoduleTypel
240 — 80 4320501002
Mesmared Temperanme = 24.8°C
Caorrected Temperature = 25 0°C
Er Meas = 20.1mWian®
IrComr= 20.0mWiar
The= 4633V
Ic= 271A
160 |— 60 Pmax= 10797TW
Vpm= 4195V
m=  257A
F= 085
Effm= 20.02%
Effc= 2291%
Bs= 044 Ohm
080 |— 30 Rsh=  413.63 Obm
Load Volnge: 2100V
IV Points: 3758
0.00 | | | | |
0.0 100 200 300 400 50.0
Voltage, V
*****End of Report******
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