
Energy Internet and Relay Protection

Article Overview

Relay protection is a critical component of the Energy Internet, ensuring grid reliability and fault management

in modern, renewable-integrated, and digitally controlled power systems.

Overview of the Energy Internet

The Energy Internet is a multidisciplinary concept that integrates power systems, power electronics,

information and communication technologies (ICT), artificial intelligence (AI), and economic and policy

frameworks to create a highly flexible, efficient, and intelligent energy network . It enables the large-scale

integration of renewable energy sources such as wind and solar, supporting decentralized generation, dynamic

load management, and real-time energy trading. This interconnected system relies on advanced monitoring,

communication, and control technologies to maintain stability and optimize energy flow.

Role of Relay Protection

Relay protection systems are essential for detecting faults, isolating affected sections, and preventing

widespread outages in both traditional and modern grids . In the context of the Energy Internet, relay

protection must adapt to:

o Power-electronics-dominated grids (PEDGs): Renewable energy sources connected via inverters reduce

fault-current magnitudes and introduce high-frequency transients, making conventional overcurrent and

distance protection schemes less effective .

o Distributed generation: Widespread decentralized energy sources complicate protection coordination and

require adaptive strategies.

o Digital integration: Modern digital relays offer faster response times, enhanced diagnostics, and seamless

integration with SCADA and IEC 61850-based substation automation systems .

Emerging Trends and Innovations

To address the challenges of the Energy Internet, relay protection is evolving with several key innovations:

o AI-driven adaptive protection: Artificial intelligence can analyze historical disturbances, SCADA data, and

relay performance to optimize protection settings and predict potential failures .

o Digital twins: Simulation of grid behavior using digital twins allows utilities to test relay coordination and

fault scenarios before deployment, improving reliability .

o Advanced testing tools: Secondary injection, three-phase, and single-phase relay test sets enable precise fault

simulation and dynamic adjustment of relay settings under variable grid conditions .

o Protection Data Management Systems (PDMS): PDMS ensures accurate, traceable, and auditable
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management of relay settings, testing records, and lifecycle data, supporting consistent protection across the

Energy Internet .

Challenges

Despite these advancements, several challenges remain:

o Reduced short-circuit currents weaken protection sensitivity in inverter-dominated grids .

o Legacy infrastructure may not support adaptive or digital protection schemes, requiring upgrades.

o Cybersecurity risks increase as relay systems become networked and digitally controlled .

o Standardization gaps necessitate updates to protocols like IEC 61850 and verification standards for AI-based

protection .

Conclusion

In the Energy Internet, relay protection is no longer just a safety mechanism but a cornerstone of grid

intelligence and resilience. By combining adaptive digital relays, AI analytics, digital twins, and robust data

management, modern relay protection ensures reliable fault detection, coordination, and system stability,

enabling the secure integration of renewable energy and the efficient operation of smart, decentralized grids .

Next, it explores adaptive protection strategies that update relay settings in real time using dynamic thresholds,

online calibration,

Energy Internet, a futuristic evolution of electricity system, is conceptualized as an energy sharing network. Its

With the application of large-scale renewable power generation and power electronic equipment, the fault

characteristics of power

Protective systems in electricity delivery networks have a major role to play in the increasing of renewable

energy

The study aims to provide an in-depth exploration of the value of relay protection technologies in modern

power systems and to offer

Recognizing the dire need for advanced relay protection, this report presents a comprehensive analysis of the

evolving landscape. It

Increasing renewable penetration and grid modernization initiatives are having a significant impact on the

operating
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The integration of new energy presents several difficulties for the protection systems of traditional relays,

because traditional relay

Abstract Energy Internet (EI) envisions a future energy system with sustainable concerns of efficiency,

economy and

The benefits of the energy Internet, along with the challenges of its implementation on a large-scale distributed

Technology advancement in the last few decades allows large penetration of renewable energy resources in the

The distributed power generation system supplements and optimizes the traditional centralized power

generation

This article proposes a new method for relay protection in medium and low voltage distribution networks,

targeting distributed new

We are pleased to announce that Energy Internet is indexed in IET Inspec.

Abstract With the intensifying energy crisis and envi-ronmental pollution, the Energy Internet and

corresponding patterns of energy

SIPROTEC: Multifunctional protection relays Experience the benchmark in grid protection, automation, and

monitoring! SIPROTEC
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