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Introduction

Purpose of the Test: The primary objective of this test is to evaluate the
performance of a photovoltaic (PV) system equipped with Smart PV
Optimizers (MERC-1100W-P) against a standard configuration without
optimizers.

Importance of PV Optimizers: PV optimizers enhance energy harvest by
mitigating the effects of shading, module mismatch, and other factors that can
lead to reduced output. They allow each panel to operate at its maximum
power point (MPPT), improving overall system efficiency.

2 Background on PV Optimizers

Functionality: PV optimizers are devices that attach to solar panels to
manage their individual performance. Each optimizer connects to a specific
number of panels (in this case, 2 panels per optimizer) and ensures that each
panel operates at its optimal point.

Technical Mechanism: Optimizers perform real-time monitoring and control
of power output, adjusting for shading or mismatch conditions. This means
that if one panel experiences shading, it won’t significantly affect the output
of the other panels connected to the same inverter.

The optimizer is a DC-DC circuit conversion device and has
two working modes:
Buck or Bypass
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Buck circuit

The buck circuit in an optimizer steps down the PV module
voltage (increases the current) and outputs the voltage to
the inverter. The optimizer interacts with the two-stage
inverter to find the highest power point of the PV module.
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The buck mode expands the MPPT operating
range and enables long string design.
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Optimizer Power generation

The optimizer solution enables each PV module to work at their respective maximum power point.
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— |V curve of other PV modules in the same string —— |V curve of other PV modules in the same string

—— |-V curve of the PV module affected by shading — |V curve of the PV module affected by shading
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#10 The PV module is shaded: The PV module power decreases
due to power mismatch.
Total power of the PV string = 471W*9+331W=4570W

#10 The PV module is shaded but still works at its maximum power point
and the optimizer works in buck mode. Other PV modules in the same PV
string work at their respective maximum power point and the optimizers
work in bypass mode.

Total power of the PV string = 550 W*9+331 W=5281W

o Benefits:

o Increased energy vyield, especially in partially shaded conditions.

o Enhanced monitoring capabilities, allowing for better maintenance and
fault detection.

o Flexibility in system design, enabling optimization in various
installation scenarios.

3 Methodology

« Connection diagram

Portrait or Landscape installation of PV modules with long power cables
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Trinifgor:isa\sgmw The optimizers with short input power cables are applicable to horizontally or vertically installed PV

modules with long power cables. The optimizers can be installed on the module frame or mounting
system. Typical application areas include Europe where low-power PV modules are used.

« Site Configuration: Two identical Huawei Sun2000-50KTL-M3 inverters
were installed, each connected to the same number and type of panels (2
strings connected to one inverter; 1 string containing 18 panels). The
configurations included:

o Inverter-01: Panels connected with Smart PV Optimizers.

o Inverter-02: Panels connected without optimizers.
2024-10-31 Huawei Proprietary - Restricted Distribution Page4, Total
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« Testing Conditions: Artificial shadows were placed on both inverters to
simulate shading effects, ensuring both inverters experienced almost identical
conditions.

Without optimizer connected panel shadow:

« Data Collection: Half hourly generation data was collected for a full day from
both inverters, capturing their performance under the same shadowing
conditions.
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4. Data Analysis

o Generation Data Overview: Provide a detailed table and/or graph showing
30minutes interval generation data for both inverters. This could include:

30 minutes interval active power (kW) for both Inverter 01 and Inverter 02

00:00:00 0.000 0.000
06:30:00 0.424 0.387
07:00:00 1.299 1.170
07:30:00 1.692 1.632
08:00:00 3.126 2.845
08:30:00 6.856 5.588
09:00:00 7.983 6.759
09:30:00 9.102 8.442
10:00:00 9.599 9.113
10:30:00 10.847 10.597
11:00:00 11.215 10.899
11:30:00 11.715 11.404
12:00:00 11.229 10.959
12:30:00 9.370 9.062
13:00:00 5.715 5.501
13:30:00 5.569 5.302
14:00:00 4.323 4.089
14:30:00 6.906 6.648
15:00:00 5.438 5.206
15:30:00 3.808 3.632
16:00:00 2.285 2.208
16:30:00 1.060 1.030
17:00:00 0.181 0.190
17:30:00 0.000 0.000
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30 minutes interval daily energy (kwWh) for both Inverter 01 and Inverter 02.

00:00:00 0.00 0.00
06:30:00 0.06 0.06
07:00:00 0.48 0.44
07:30:00 1.40 1.26
08:00:00 2.35 2.17
08:30:00 4.88 4.23
09:00:00 8.56 7.26
09:30:00 12.67 10.98
10:00:00 17.38 15.40
10:30:00 21.86 19.67
11:00:00 26.58 24.24
11:30:00 31.41 28.91
12:00:00 36.86 34.20
12:30:00 41.72 38.90
13:00:00 46.00 43.05
13:30:00 49.90 46.80
14:00:00 52.43 49.20
14:30:00 55.61 52.24
15:00:00 58.60 55.11
15:30:00 60.78 57.19
16:00:00 62.42 58.75
16:30:00 63.25 59.55
17:00:00 63.54 59.83
17:30:00 63.56 59.86

e Performance Metrics:

o 5.8% increase in generation for the optimizer-connected inverter.
o Impact of shading on generation efficiency for both setups.
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5. Results

o Performance Comparison:

Comparison of Active Power (kW)

Comparison of Optimizer (Active Power kW)
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6. Conclusion

The comparative test of the Huawei Sun2000-50KTL-M3 inverters, conducted
under controlled shading conditions, demonstrates a notable improvement in
energy generation when utilizing Smart PV Optimizers (MERC-1100W-P).
The optimizer-connected inverter generated approximately 5.8% more energy
than the non-optimizer setup. This increase is attributed to the optimizer’s
ability to perform per-panel maximum power point tracking (MPPT), allowing
each panel to operate at its peak potential even under partial shading.

This performance enhancement confirms the effectiveness of PV optimizers in
mitigating the detrimental impact of shading and panel mismatch, leading to
higher energy yield and improved overall system efficiency. For installations
prone to shading or varied conditions, integrating PV optimizers offers a
valuable solution, maximizing output and potentially improving return on
investment. Given the positive results of this test, PV optimizers are
recommended as a beneficial addition to solar systems where environmental
or structural factors might limit uniform sunlight exposure across all panels.
Further testing under diverse weather and seasonal conditions may provide
additional insights into the long-term benefits and reliability of PV optimizers
in varied environments.

This conclusion underscores the role of PV optimizers as a strategic
enhancement for solar installations, particularly those susceptible to shading
or layout constraints, promising a tangible boost in energy production and
system resilience.
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7. Appendices
e Appendix A: Technical specifications of the Huawei Inverter SUN2000-50KTL-M3

SUN2000-50KTL-M3
Technical Specification

Technical Specification SUN2000-50KTL-M3
Efficiency
Max. Efficiency 98.5%
European Efficiency 98.0%
Input
Max. Input Voltage ' 1,100V
Max. Current per MPPFT A
Max. Current per Input 204
Max. Short Circuit Current per MPPT 40 A
Start Violtage 200
MPPFT Operating Voltage Range 2 200 Y ~ 1,000 W
Rated Input Voltage 600
Number of Inputs 8
Mumber of MPP Trackers 4
Output
Rated AC Active Power 50,000W
Max. AC Apparent Power 55,000 VA
Max. AC Active Power (cosd=1) S5,000W
Rated Output Voltage 400 Vac / 480 Vac, 3W+(N) + PE
Rated AC Grid Frequency 50 Hz /60 Hz
Rated Output Current 722 A @ 400Wac, 601 A @ 480Wac
Max. Output Current 79.8 A @ 400Vac, 86.5 A @ 480Vac
Adjustable Power Factor Range 08LG ...08LD
Mazx. Total Harmonic Distortion <3%
Protection
Input-side Disconnection Device Yes
Anti-islanding Protection Yes
AC Owercurrent Protection Yes
DC Reverse-polarity Protection Yes
P-array String Fault Monitoring Yes
DC Surge Arrester Type Il
AL Surge Arrester Type Il
DC Insulation Resistance Detection Yes
Residual Current Monitoring Unit Yes
Arc Fault Protection Yes
Ripple Receiver Control fes
integrated PID Recovery * Yes
Communication
Display LED Indicators, Bluetooth + APP
R5485 Yes
WLAMN/Ethernet via Smart Dongle-WLAN-FE (Optional)
Smart Dongle AG | 3G / 2G via Smart Dongle-4G (Optional)
Monitoring BUS (MEBUS) Yes (lsolation Transformer required)

Optimizer Compatibility
DC MBUS Compatible Optimizer MERC-1100/1300W-P

General Data

Dimensions (W x H x D) 640 x 530 x 270 mm (25.2 = 20.9 x 10U6 inch)
Weight (with mounting plata) 49 kg (1081 1b)

Operating Temperature Range -25°C ~ 60°C {-13°F ~ 140°F)
Cooling Method Smart Air Cooling

Max. Operating Altitude 4,000 m (13,123 ft.)

Relative Humidity 0% RH ~ 100% RH

DC Connector Amphenol HH4

AC Connector Waterproof Connector + OT/DT Terminal
Protection Degres IP 66

Topology Transformerlass

Nighttime Power Consumption = 55W

Standard Compliance (more available upon request)

Safety EM 6210%9-1/-Z, [EC 62109-1/-2, EN 50530, IEC 62116, IEC 60068, IEC 61683
IEC 61727, VDE-AR-N4105, VDE 0126-1-1, BDEW, G59/3, UTE C 15-712-1, CEl 0-16, CEI 0-21, RD 661, RD 1699,
Grid Connection Standards P.O. 12.3RD 413, EN-50438-Turkey, EM-50438-Ireland, C10/11, MEA, Resolution Mo.7,

NRS 097-2-1, DEWA

1D rec

ion to recover module degradation from PID. Supported module bypes incdude: P-type (mona, poly),

06, MIFT)

4 T

0 Ehiss fnction and it can be upgraded o optimizer wersion wia mew verter soltware version|
Fueher b HTTP,fsolarH,

£ CAI Dptimizes MERC- 1100/ 13000-F). The curment wersion does not suppe
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o Appendix B: Technical specifications of the Smart PV Optimizer MERC-
1100W-P.

2 HUAWEI

SMART MODULE
CONTROLLER

MERC-1100/1300W-P

7 : P4 : [iT]
{;) § [\ i |
Higher Yields Flexible Design : Active Safety i Smart O&M
Module-level Optimization Long String Design to i Firefighting and O&M H Pinpointing Open-
Increase System Energy Reduce Bos : Safety with Module- i Gircuit Fault for Quick
Yield by 5% to 30% : level Rapid Shutdown H Troubleshooting
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@ MERC-1100/1300W-P
Technical Specification

Technical Specification MERC-1100W-P MERC-1300W-P

Input
Rated input DC power ' 1100 W | 1300 W
Absolute max. input voltage 125 v
MPPT operating voltage range 125 ~105V
Max. short-circuit current (lsc) 204
Max. efficiency 98.5%
Weighted efficdency 99.0%
Owervoltage category 1
Output
Max. output voltage B0 W
Max. output current 224
Output bypass * Yes
Safety output voltage * 1v
Standards Compliance
Safety IEC62109-1 (class Il safety)
RoHS Yes
General Specification
Dimension (WX H X D) 149 mmix 104 mm x 488 mm (59in. x 4.1 in. x 1.9 in.)
Weight (including wires) 10kg (22 1b)
Installation part (optional) PV Module Frame Plate/T-shaped Bolt*
Input connector Staubli MC4
Input wire length 0.1 m (+/-) (short-input-cable version) *
Output connector Staubli MC4
Output wire length 0.1 m {+), 5.1 m (=) {short-input-cable version) *
Operating temperature -40°C to +85°C ©
Relative humidity 0% ~ 100%
IP rating IP&8
Compatible inverters SUMN2000-8/10/12/15/17/20KTL-M2, SUN2000-30/36/40KTL-M3,
SUNZ2000-12/15/17/20/25KTL-M5, SUNZ2000-50KTL-M3

Minimum String Length

8 3 8 &

(Power Optimizers)

Maximum String Length 25 P - 0
(Power Optimizers)

Maximum DC Power per String 20,000 W 20,000 W 20000 W 20,000 W

Short-input-cable Version
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Appendix C: Technical specifications of the PV panel Trina solar TSM-550DE19

' ertex BACKSHEET MONGCRYSTALLINE HODULE

DIMENSIONS OF PV MODULE(mm)

1096
=Y 57
1-V CURVES OF PV MODULE({550 W)
u LY | FES
e 14
Inatalling Hol
-
=
£
40710 g
installing Hobe g
=
50
Valtage(V)
P-\ CURVES OF PV MODULE(S550W)
Bp43
Crewrding Hala E00
=
= iy B Hate s00
Front View Back View
E, 400
10 SHlicon saalant 1 Sibicansasknt = e
@ 300
Laminate Laminate: E O
200 —
=" anmeme
B g — e, \
o e
Fraima Frama —
] i 20 0 40 S0
. 15 Voltage{\V)
A-A B-B
ELECTRICAL DATA (STC) HECHANICAL DATA
Eolar Cells Monoystalline
Peak Power Waits Pro (W™ sS40 Sa5 550 555 560
No. of cells 110 cadls
Powar Talerance-Prsx (W) Q=45 Module Dimensions 2384=103E = 30 mm (53 85=43.15=1.18 inche<}
Waight 28.3kg (52.351b)
Madmam Powser Vaoliage-Viee (W] nz 14 nE E] 220 Gass 3.2 mm [0.13 inche=], High Transmiztion, Tempaned Cass
Encapsulant material EVA/POE
Maimeam Powes Curmant e (&) 1733 1737 17.40 17.45 17.49 Bacdesreet White
Frame 30mm( 118 inches) Anodzed Aluminkum Alloy
Open Crous Yoltage- Voo (V) 75 Eriry Erk- 3|1 3E3 )-Box IPES rated
Cabkes Fhofowval taic Technology Cable 4.0 med [DLO0E inches?)
ot Gt Commrtyl  fA) 1841 1847 1852 1835 1EED Fortrait; 350/2B0mmI13.76/11 02 inches)
Lengttcan be cestomized
Module Efficiency « m (%) 210 212
L o el L Connactor MIC4 EVO2 F TSE Plus / T54"
e — S — “Fonaus-sefr iz g atuthent fo: wecifed:corecice
ELECTRICAL DATA (NOCT) TEMPERATURE RATINGS MAXHMUMAATINGS
MO ool Gpacacing Coll Tamgecmnsy  43°C{£2°0) Operational Temperature  -&0=+BSC
Maimeam Powser P Wi 403 413 a1y 420 424
Temparaturs Coofficent of Prae - 0.34%C Maimam System Voltage 1500V DC (JEC)
Temparature Coefficlant of Voo 0.25%™C 1500V OC (UL}
Maniimiam Power ottage-Vies (W) JAa 282 283 285 |7
& Temparature Coettident of ls 0.04%~C Max Serkes Fuse Rating S04
Maimum Fowser Cument eee (4] 1410 1415 1419 1423 1426
WARRANTY PFACKAGING CONFIGUREATION
12 year Product Workmanship Warran Modules oo ores
Open Cirouit Yoliage-oo (V] 353 ss 357 ELL] ;®1 i " o = e
25 year Power Warransy Machulos per 40 containar: 720 pleces
236 first year degradation
Short Drcuft Cumant-1sc (A} 1484 14BE 1482 1496 1495

WOCT: Iraciance o2 BO0WYT, Ambient Tempentas 20T, Wind Spaed I

Trinasolar

CAUTION: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE USING THE PRODUCT.

0.55% Anrual Power Attenuation

T e ]

D 2023 Trina Solar Limited, All fights reserved, Spedifications includedin this datasheet aré subject to change withaut notice.
Version number: TSM_EN_2023_A
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