ABSTRACT

With the integration of distributed generation (DG), photovoltaics (PV) are gaining traction in consumers’ households. However, PV inverters that connect the DC link of PVs to the AC transmission lines are a source of harmonics. The odd harmonics in a system can have an impact on voltage and current readings. Every power electronic (PEl) converter is also expected to have its own harmonic signature. 

Estimating the generation from PV is a challenging task due to the irregularity of generation trends owing to changes in the location, weather, sunlight, and cloud factor. The harmonic signatures may be used to estimate PV generation of a community. This work creates a real-time multi-PV inverter model on the Opal-RT simulator, considering load harmonics and grid harmonic injections. Inverters are modeled based on real-time simulation constraints using simulation blocks provided by ARTEMiS. Odd harmonic injection trends are validated with reference to IEEE Std. 519-2022, Std. 929-2000, and EN 50160 standards. Community loads are varied based on a Monte Carlo simulation, and harmonic distortion is observed on the current readings.

The data obtained in real time is validated against offline results from simulation using MATLAB Simulink. The data trends are observed. Although a downwards harmonic distortion trend is observed when considering only inverter harmonics in all individual PV inverters and at the point of common coupling ($PCC_{sys}$), the magnitudes are very low compared to the fundamental. The effects of this can be observed when load harmonics are also injected. This inverts the current harmonics trend observed at PCC, as the loads impact it. That is to say, compared to the load harmonics, the inverter harmonics are too low to create a difference.

The work proposed here will prove to be of importance to power systems (PS) engineers engaged with analyzing system harmonics and can also prove to be useful for researchers interested in community-level renewable generation estimation.
