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Photovoltaic grid connection relay
protection

Overview

In this paper, a protection scheme against reverse power flow concerning PV
integrated grid system are being discussed.

Key Takeaways

PV grid-connected relay protection ensures safe integration of solar systems into the
utility grid by monitoring voltage, current, and frequency, and isolating faults to
maintain grid stability and equipment safety.Overview of Relay Protection in PV
Systems

Relay protection in grid-connected photovoltaic systems is essential to prevent
damage to both the PV plant and the utility grid. Protective relays monitor electrical
parameters such as voltage, current, and frequency, and respond to abnormal
conditions by opening or closing switches to isolate affected circuits . Modern PV
plants typically generate electricity at low voltages (400-800V), which is stepped up
to medium or high voltage levels (11kV-132kV) for grid export, necessitating robust
protection coordination .

Types of Relays
* Electromechanical Relays: Use moving parts to open or close circuits via

electromagnetic coils. They are cost-effective and suitable for both AC and DC circuits
but are slower and less precise .
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* Static Relays: Use solid-state semiconductor devices to control switching. They are
faster, more precise, and longer-lasting, making them preferred for utility-scale PV
systems .

Key Protection Functions

* Anti-Islanding Protection: Prevents the PV system from supplying power to a grid
section that has lost utility supply, avoiding safety hazards and equipment damage .

* Loss of Mains Detection: Detects disconnection from the grid and isolates the PV
system to prevent unintentional islanding .

* Reverse Power Protection: Prevents power from flowing back into the grid beyond
allowed limits, protecting both the grid and the PV plant .

* Export Limitation: Ensures the PV system does not exceed permitted power export
levels, maintaining grid stability .

* Surge Protection: Protects equipment from voltage spikes and transient events .
Standards and Compliance

PV relay protection systems must comply with national and international standards,
such as AS/NZS 4777, IEC, IEEE, and local utility requirements . Compliance ensures
legal operation, safety, and seamless integration with the grid. Utilities often require
certified secondary protection in addition to inverter-built protection for systems
above certain capacities (e.g., >30kW three-phase or >10kW single-phase), .

System Integration and Communication

Modern PV protection systems often integrate with SCADA (Supervisory Control and
Data Acquisition) for centralized monitoring and control. Communication protocols
such as RS232 or other industrial standards allow real-time data exchange, remote
configuration, and fault reporting . This integration enhances operational efficiency
and ensures rapid response to grid disturbances.

Emerging Challenges

The increasing penetration of PV and other power-electronics-dominated sources
introduces challenges for traditional relay protection, including mis-operation risks
and reduced fault current levels. Advanced protection strategies, including Al-based
relays and updated IEC 61850 standards, are being developed to address these
challenges and improve grid stability .

Conclusion

Effective relay protection in grid-connected PV systems is critical for safety,
compliance, and grid stability. It involves a combination of anti-islanding, loss-of-
mains, reverse power, and surge protection, implemented through electromechanical
or static relays, and integrated with SCADA systems. Compliance with standards like
AS/NZS 4777 and IEC ensures reliable operation and facilitates safe renewable
energy integration into modern power grids.
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