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1 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. 
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Optimizer Power generation 

 

• Benefits: 

o Increased energy yield, 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 

 

• 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. 
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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: 

 

With 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 

• 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 

Start Time 

With Optimizer Inverter Active 

power(kW) 

Without Optimizer Inverter Active 

power(kW) 

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 (kWh) for both Inverter 01 and Inverter 02. 

Start Time 

With Optimizer Inverter Daily 

energy(kWh) With Optimizer Inverter Daily energy(kWh) 

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 

 

 

• 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 

• Performance Comparison: 

Comparison of Active Power (kW) 

 

 

Comparison of total Active Power (kWh) 
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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 

• Appendix A: Technical specifications of the Huawei Inverter SUN2000-50KTL-M3  
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• Appendix B: Technical specifications of the Smart PV Optimizer MERC-

1100W-P. 
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• Appendix C: Technical specifications of the PV panel Trina solar TSM-550DE19 

 

 


