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IMPORTANT NOTICE AND DISCLAIMER

1. This document is intended for the sole use of the Customer as detailed on the front page of this document to whom the document
is addressed and who has entered into a written agreement with the PVEL entity issuing this document (“PVEL”). To the extent
permitted by law, PVEL nor any group company (the "Group") assumes any responsibility whether in contract, tort including
without limitation negligence, or otherwise howsoever, to third parties (being persons other than the Customer), and no company
in the Group other than PVEL shall be liable for any loss or damage whatsoever suffered by virtue of any act, omission or default
(whether arising by negligence or otherwise) by PVEL, the Group or any of its or their servants, subcontractors or agents. This
document must be read in its entirety and is subject to any assumptions and qualifications expressed therein as well as in any
other relevant communications in connection with it. This document may contain detailed technical data which is intended for use
only by persons possessing requisite expertise in its subject matter.

2. This document is protected by copyright and may only be reproduced and circulated in accordance with the Document
Classification and associated conditions stipulated or referred to in this document and/or in PVEL's written agreement with the
Customer. No part of this document may be disclosed in any public offering memorandum, prospectus or stock exchange listing,
circular or announcement without the express and prior written consent of PVEL. A Document Classification permitting the
Customer to redistribute this document shall not thereby imply that PVEL have any liability to any recipient other than the
Customer.

3. This document has been produced from information relating to dates and periods referred to in this document. This document
does not imply that any information is not subject to change. Except and to the extent that checking or verification of information
or data is expressly agreed within the written scope of its services, PVEL shall not be responsible in any way in connection with
erroneous information or data provided to it by the Customer or any third party, or for the effects of any such erroneous
information or data whether or not contained or referred to in this document.

4. Any energy forecasts estimates or predictions are subject to factors not all of which are within the scope of the probability and
uncertainties contained or referred to in this document and nothing in this document guarantees any particular wind speed or
energy output.
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1 Executive Summary

Northern Electric Power Co. (NEP) retained PVEL, LLC (“PVEL”) to perform third-party independent

performance and reliability qualification testing. This Final Engineering Report evaluates the NEP PVG-2-L

module-level rapid shutdown device (MLRSD).

5 RSD devices were subjected to the powered thermal cycling test with 2 solar array simulators pushing PV
power into each of the RSD. Throughout the 200 thermal cycles, the DuT remained operational throughout the
test with no mis-operation nor derate.
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Figure 1-1: Last 5 Days of TC200
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The same 5 RSD devices were then subjected to a thermal shutdown validation by ramping up the temperature
from its maximum operating temperature until the RSDs automatically shutdown. The first RSD began shutting

down at 112.5°C and the last RSD shutdown at 117.5°C. Once the ambient temperature fell below the

maximum operating temperature, the RSD’s turned back on and the system continued to output power.
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Figure 1-2: Thermal Shutdown Results
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An RSD was subjected to a localized flame in order to observe the RSD’s response to a flame. Throughout the test, the
RSD remained operational even while the plastic enclosure of the RSD was melting.

Upon removal the of the flame source, the plastic enclosure quickly stopped burning.

Figure 1-3: Flame / Burn Test in Progress

Figure 1-4: Post Flame / Burn Test
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2 Test Plan Overview

This report outlines the TC200 reliability test and thermal shutdown validation test performed on the NEP PVG-
2-L MLRSD. The testing sequence aims to validate the MLRSD’s performance over the reliability and validation
tests to better understand operational advantages, while providing design feedback and supporting datasets on
design and performance deficiencies.

Thermal Cycling 200 Cycles

Thermal Shutdown Validation

Flame / Burn Test

Figure 2-1: Test plan process diagram

This evaluation focuses on a series of indoor (laboratory) tests to monitor the RSDs’ capability to remain
operational throughout the thermal cycling accelerated age testing profile as well as to validate the RSDs’ ability
to shut down upon an over temperature event. An explanation of each test is provided along with a description
of the setup, equipment used to evaluate the results, and a short analysis of the inverter's performance.
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2.1 Test Population

The NEP PVG-2-L PV device, presented in Figure 2-2 and Figure 2-3, is the module-level rapid shutdown
device (RSD).

Figure 2-2: NEP PV Guard RSD

Figure 2-3: NEP PV Guard RSD
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Table 2-1 details the testing population.

Table 2-1 Test Population Summary

Test DuT Serial Number Model Number
1 32110-110552d0-U PVG-2-L
2 32110-11056AE0-U PVG-2-L
3 32110-11055830-U PVG-2-L
4 32110-11056E80-U PVG-2-L
5 32110-11056900-U PVG-2-L

2.2 Powered Thermal Cycling

During the powered thermal cycling test, each RSD is powered by 2 ETS80 solar array simulators (SAS) which
feeds into the CPS inverter. Power is monitored from the ETS80 and at the string output.

7

Figure 2-4: DuT Setup
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The thermal cycling test exposed the RSDs to rapid changes in environmental temperatures known to induce

thermal cyclic fatigue on specific connections and components, including solder joints and PCBs. The

temperature was cycled between -40 °C and 85 °C, as detailed in Figure 2-5,a total of two-hundred (200) times.
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Figure 2-5: IEC 61215-2 2016 Thermal Cycling Profile

2.3 Thermal Shutdown Validation

The NEP PVG-2-L has a built in function that allows the RSD to shut down in the event of an over-temperature
event. According to the datasheet below, the NEP PVG-2-L operating temperature range is between -40°C and

85°C.

Testing begins at the maximum operating temperature during normal operations and ramps up at 1°C per

minute. Voltage, current, and temperature are continually measured to pinpoint the temperatures at which the
RSDs’ begin to open its relays and halt operations.

Max DC Open Circuit Voltage per Input (Vdc) 90
INPUT(DC)
Max DC Current per input (Adc) 15
QUTPUT(DC) Maximum Output Voltage (Vdc) Voc * n (n=1/2/3/4)
SYSTEM Maximum System Voltage (Vdc) 1500
PV Cable 12AWG
PV Connectors Mc4 (Contact NEP for other connectors options)
5.12'x 4.73'x 1. 14" (PVG-1)
Size (not including PV cable) 5.90'x 5.71'x 1. 00’ (PVG- 2,PVG-3 )
MECHANICS 10.5'x 8.25' x 1.25" (PVG-4)
Protection Degree NEMA 6
Operating Ambient Temperature -40°C--+85°C
Mounting Method Rail, Frame (option)
SIGNAL Communications LTz
Compatible with SunSpec signaling
uL1741
Prod Safety C I CSAC22.2 No. 107.1
CERTIFICATION rocuct safety Compliance NEC 2014/2017 690.12
Canada CEC 2015 64-218

Figure 2-6: NEP PVG Datasheet
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2.4 Flame / Burn Test

The flame / burn test is a quick safety test that characterizes the RSDs’ response to fires. A butane torch
applies high heat and flame to a localized point on the RSD to validate the RSDs’ enclosure protection.

During the flame / burn test, the system is in normal operations.
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3 Test Results

3.1 Powered Thermal Cycling

During the powered thermal cycling reliability test, the DuT are placed in an environmental chamber that can
simulate high thermal stress environments.

Powered thermal cycling exposes the RSDs to a rapidly cycling temperature environment between -40°C and
85°C while the DuT are operating. The temperature is cycled 10 times per day over 20 days. During this
reliability test, voltage and current is logged to observe the RSDs’ response to temperature cycling stress.

Over the 200 thermal cycles, the RSDs continued to output power with no sign of mis-operation. Refer to Figure
3-1 through Figure 3-4 for the thermal cycling temperature and power graphs.
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Figure 3-1: Thermal Cycling First 24 Hours

*Operational Note: During testing, 1 out of 5 RSD did not receive the full voltage and current throughout the test due to test equipment
malfunction. Once the test equipment was resolved, the individual RSD returned to full operations for the remainder of the test. Data and
graph represent the 4 out of 5 RSD that received the full voltage and current throughout the test. Dip in MPPT may be due to PVEL test

equipment malfunction.
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Figure 3-2: Thermal Cycling First 5 Days
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Figure 3-3: Thermal Cycling Day 5 to Day 10

*Operational Note: During testing, 1 out of 5 RSD did not receive the full voltage and current throughout the test due to test equipment
malfunction. Once the test equipment was resolved, the individual RSD returned to full operations for the remainder of the test. Data and
graph represent the 4 out of 5 RSD that received the full voltage and current throughout the test. Dip in MPPT may be due to PVEL test

equipment malfunction.
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Figure 3-4: Thermal Cycling Day 10 to Day 15
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Figure 3-5: Thermal Cycling Day 15 to Day 20

*Operational Note: During testing, 1 out of 5 RSD did not receive the full voltage and current throughout the test due to test equipment
malfunction. Once the test equipment was resolved, the individual RSD returned to full operations for the remainder of the test. Data and
graph represent the 4 out of 5 RSD that received the full voltage and current throughout the test. Dip in MPPT may be due to PVEL test

equipment malfunction.
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3.2 Thermal Shutdown Validation

Thermal Shutdown Validation tests the RSDs’ ability to shutdown during an over-temperature event as well as
its ability to restart once the temperature returns to its operating temperature range.

Testing begins during normal operations and at the maximum operating temperature of the DuT (85°C). The
ambient temperature is increased at a rate of 1°C per minute until the RSDs shutdown.

Beginning at 112.50°C, individual RSDs began shutting down. Shown in Figure 3-6, the string voltage stepped
down as each RSD opened their circuits. The final RSD shutdown at 117.54°C. Thermocouples are applied to

RSDs using Kapton tape.
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Figure 3-6: Thermal Shutdown Temperature vs Voltage
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Figure 3-8: Thermal Shutdown Temperature vs Power
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Once the thermal shutdown test concluded, the chamber doors were opened to allow the ambient temperature

to gradually approach
RSD temperature wen

room temperature. As the RSDs cooled down, they returned to normal operations as the
t below the maximum operating temperature (85°C).

The first RSDs began turning on at an average temperature of 81.99°C and the final RSD turned on at an
average temperature of 75.44°C.
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3-9: Restart Operations Once Temperature Reaches Operating Range
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3.3 Flame / Burn Test

The flame / burn test is a quick safety test that characterizes the RSDs’ respond to fires. A butane torch applies
high heat and flame to a localized point on the RSD to validate the RSDs’ enclosure protection.

Throughout the test, the unit continued to operate while the plastic RSD enclosure was melting.

*Operational Note: This Flame / Burn Test is a quick test which is not equivalent to a field fire

Figure 3-10: Flame / Burn Test in Progress

Upon removal of the flame, the unit did not continue to burn.

Figure 3-11: RSD Enclosure Once Flame Source was Removed
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Appendix

NEP PVG-2-L Datasheet

Max DC Open Circuit Voltage per Input (Vdc) 90
INPUT(DC)
Max DC Current per input (Adc) 15
OUTPUT(DC) Maximum Output Voltage (Vdc) Voc * n (n=1/2/3/4)
SYSTEM Maximum System Voltage (Vdc) 1500
PV Cable 12AWG
PV Connectors Mc4 (Contact NEP for other connectors options)
5.12'x 4.73"x 1. 14’ (PVG-1)
Size (not including PV cable) 5.90'x 5.71"'x 1. 00" (PVG- 2, PVG-3 )
MECHANICS 105" % 8.25' x 1.25' (PVG-4)
Protection Degree NEMA 6
Operating Ambient Temperature -40°C--+85°C
Mounting Method Rail, Frame (option)
SIGNAL Communications DC Power Line
Compatible with SunSpec signaling
UL 1741
CERTIFICATION Product Safety C li C5A€22.2No. 107.1
roduct >afety Compfiance NEC 2014/2017 690.12
Canada CEC 2015 64-218
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CPS Inverter Datasheet

Moset Mams

DC Ingast

Man. P Power

Max_DC input Voltage

Operating DC nput Voltage Range
Stan-up DT Inpun Vollsgs | Powsr
Number of MPP Trackers

MPFT Voltage Range @ PF=0.09
Max_ PV Short-Circuil Current (isc x 1.25)
Mumiber of DC inputs

DC Dsconnection Type

DC Surge Protection

AC Outpust

Rated AC Output Power (@ PF>0.98 1o +0.81"
Max AT Apparent Power (Salectabls)
Rated Oulpul Voltage

Output Vollage Range”

Grid Connection Type

Max AL Oulput Current B480VaC
Raled Outpul Freguancy

Output Frequency Rangs”

Pionwer Fachor

Cusrrent THD @ Rated Load
Max_Faull Curent Contribuion [1 Cycle RMS)
Max. OCPD Rating

AL Disconnection Type

AL Surge Protection

System and Perlormance
Topology

Max. Efficiancy

CEC Efficeency

Stand-by | Might Consumpion
Envviraniment

Enciosure Protection Degres
Coolng hethod

Operating Temperature Range®
Hon-Operating Temperature Rangs”
Operating Humidity

Oparating Aliude

Audditis Noise

Display and Communication

User nlertace and Display

Inverter Monitoring

Site Leved Monitoring

Modbus Data Mapping

Remole Diagnostics | FW Upgrade Funcions
Mechanical

Demensions (HxWaD)

Waight

Mouniing | Installation Angle

AC Termination

DE Terrmination”

Funed String Inputs (5 per MPPT)"

Safety

Caniicalions and Standands
Salectable Grid Standard
Srmurt-Gird Features
Warranty

‘Standard

Exlanded Tanms

CPS SCASHKTL-DOAS-&80 CPS SCABOKTL-DOVUS-4B0
QUKW [3IW per MPPT)
1000Vac
200-550Vac
330V | BOW
3
4B0-850VaC
Z204A (BBA per MPFT)
18 inputs, 5§ per BMAPPT
Lo -rated DC swilch
Type 1| MOV, 2800V 20KA Iy, (8/20_5)

SOKW BOKW
SOSSKVA, BOVBEKVA
480Wac
432 - SZ8Vac
Hp | PE /' N (Neultral opiicnal)

B0 MEE 24 T2 HNTOAA
B0Hz
57 - 63Hz
=0.99 (0.6 adjustabia)

L=
B4 1A [ 1.08/0.88 PL)

1104 1254

Lowsd-break rabed AC swilch
Type 1| MOV, 12400, 15KA Iy, ([B720_S)

Tranalommaeriass
08.8%
88.5%

T

MEMA Typs 42X
Wariable speed cooling tans
-22°F 1o +140°F | - 30"C o +60°C
Mo low emp minimum 1o «158°F [ +T0°C. maximum
0 to 100%
13.123.4R [ 4000m (derating from S842 50 / 3000m)
<BOJBA @) 1m and 25°C

LCD+LED
SunSpec, Modbus RE4EE
CPS FlexDM Gateway (1 per 32 inveriers)
CP3
Standard ! {with FlexOb Galeway)

304 x 736 x 10,.24in. (1000 x 600 x 260mm)
Irwerer: 123 Sba/SEkg Wire-box: 33Ibal15kg
15 1o 90 degrees from honzontal (wertical or anghed)
M& Stued Type Terminal Biodk (Wire range: ¥6 - JOAWG CLIAL , Lugs nit supplied)
Screw Clamp, Neg. Busbar (RS0 version®) Wire range: 814 - BRBAWG CU
RSD® and Standard Wire-box: 20A fuses provided (Fuse valses up o 30A acceplable)

UL1T415A-2016, UL16898, CSA-C22 2 NOD 10T _1-01, IEEE154Ta-2014; FCC PART15
IEEE 1547a-2014, CA Ruls 21, ISO-NE

Wolt-RideThru, Freq-RideThru, Ramp-Rate, Specified-PF, Voll-Vis, Freg-Walbl, Volt-Wat

10 years
15 and 20 ysars
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About PVEL

PVEL is the leading reliability and performance testing lab for downstream solar project developers, financiers,
and asset owners and operators around the world. With nearly ten years of experience and accumulated data,
PVEL conducts testing that demonstrates solar technology bankability. Its trusted, independent reports replace
assumptions about solar equipment performance with quantifiable metrics that enable efficient solar project
financing and development. The PVEL network connects all major PV and storage manufacturers with 300+
global downstream partners representing 30+ gigawatts of buying power. PVEL’s mission is to support the
worldwide PV downstream buyer community by generating data that accelerates adoption of solar technology.
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