
Relay Protection for Grid-Connected
Photovoltaic Power Stations

Article Overview

Relay protection at the PV grid connection point ensures safe operation, prevents islanding, and maintains grid

stability by monitoring voltage, frequency, and fault conditions.

Key Functions of Relay Protection

Relay protection at the grid connection point of a PV power station serves several critical purposes:

o Fault Detection and Isolation: Relays detect overcurrent, earth faults, and short circuits, isolating the PV

system from the grid to prevent equipment damage and maintain safety .

o Anti-Islanding Protection: Central protection relays disconnect the PV system within milliseconds if the grid

fails, preventing the PV plant from energizing a disconnected section .

o Voltage and Frequency Monitoring: Relays continuously monitor grid parameters, ensuring the PV system

operates within defined limits and disconnects if thresholds are exceeded .

o Grid Stability Support: Advanced relays can distinguish between transient voltage dips and real faults,

avoiding unnecessary shutdowns and supporting stable grid operation .

Types of Relays and Protection Schemes

o Overcurrent Relays (OC): Typically use Standard Inverse (SI) IDMT curves for AC-side protection.

Downstream relays (near inverters or AC junction boxes) are set more sensitively than upstream relays to

ensure rapid isolation of local faults .

o Earth Fault Relays: Detect current imbalances between phase and ground. In PV systems with resistance

earthing, a fixed delay is often sufficient due to low fault currents .

o Voltage and Frequency Relays: Monitor grid parameters and trigger disconnection if limits are exceeded,

ensuring compliance with standards such as VDE-AR-N 4105/4110 in Europe .

o Negative Sequence Relays: Required for asymmetric faults, enabling PV inverters to absorb negative

sequence currents and maintain fault ride-through capability .

o Directional and Fault Detection Relays: Used to determine fault direction and coordinate with upstream grid

protection, especially in systems with multiple distributed generation sources .

Coordination and Settings

o Tiered Protection: Protection must be coordinated from the inverter AC junction box to the main

switchboard and grid connection. Downstream relays trip faster and at lower thresholds than upstream relays

to prevent cascading faults .

o Time-Margin Settings: Plug settings (PS) and time-multiplier settings (TMS) are calculated to maintain at
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least a 0.15-second margin between protection tiers .

o Integration with SCADA: Supervisory Control and Data Acquisition systems allow centralized monitoring,

control, and logging of relay operations, enhancing reliability and maintenance .

Practical Considerations

o Voltage Step-Up: PV plants generate low-voltage electricity (400-800V) that is stepped up to medium or

high voltage (11kV-132kV) for grid connection. Protection schemes must account for transformer

characteristics and fault current contributions .

o Inverter Limitations: PV inverters contribute limited fault current (typically 1.1-1.5x rated current for a few

hundred milliseconds), so protection settings must consider both inverter and grid contributions .

o Power Quality and Harmonics: High-frequency inverter modulation and variable generation during cloudy

conditions can affect grid stability, requiring relay protection to mitigate voltage fluctuations and harmonics .

o Compliance: Protection schemes must adhere to national and international standards (IEC, IEEE, CEA,

VDE) to ensure legal operation and safe grid integration .

Conclusion

A robust relay protection system at the PV grid connection point is essential for safety, reliability, and grid

compliance. It combines overcurrent, earth fault, voltage/frequency, and directional relays, coordinated across

multiple tiers, integrated with SCADA, and designed to handle inverter-specific characteristics and grid

dynamics. Proper configuration prevents islanding, ensures rapid fault isolation, and maintains stable

operation of both the PV plant and the utility grid .

Modern solar photovoltaic (PV) power plants typically generate electricity at low voltages, ranging from 400V

to 800V.

It elaborates on the types of protection relays used, relevant national and international
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