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Overview

Energy Internet is an innovative concept based on synergy of multi-energy systems
including electricity, gas, cooling and transportation.

Key Takeaways

The Energy Internet relies on distributed energy resources, microgrids, packetized
energy management, and advanced ICT infrastructure to physically implement a
scalable, flexible, and efficient energy network.Core Physical Components
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1. Distributed Energy Resources (DERs) and Microgrids The Energy Internet
integrates renewable energy sources such as solar panels, wind turbines, and small-
scale generators into microgrids, which are localized energy networks capable of
operating independently or in coordination with the main grid. Microgrids provide
resilience, allow for real-time energy balancing, and enable localized energy trading
among prosumers (producers and consumers) using flexible energy conversion
technologies . 2. Packetized Energy Management Energy is managed in discrete
packets, similar to data packets in the internet. Loads such as electric vehicles, water
heaters, and air conditioners request energy packets asynchronously. A central
server or aggregator probabilistically approves requests to match supply and
demand, ensuring grid stability while maintaining quality of service. This approach
allows scalable demand-side management and efficient integration of intermittent
renewable sources . 3. Advanced Sensing and Communication Infrastructure The
physical solution requires ubiquitous sensors (smart meters, loT devices) to monitor
energy consumption, generation, and grid status. These sensors feed data into
machine-type communication networks that support ultra-reliable, low-latency, and
massive connectivity. Edge computing and cloud-based analytics enable real-time
decision-making, predictive maintenance, and adaptive control . 4. Cyber-Physical-
Social Integration Physical deployment also considers user behavior and social
interactions. Energy Internet systems incorporate privacy-preserving data analytics
and decision models to optimize energy usage, trading, and investment decisions.
This ensures that the physical infrastructure aligns with human and economic factors,
enhancing participation and efficiency . 5. Supporting Infrastructure Key physical
enablers include energy storage systems, flexible converters, and communication
micro-operators that manage local energy flows. Virtual power plants and digital
twins can simulate and optimize grid operations, providing flexibility and resilience in
multi-energy systems .

Deployment Considerations
» Scalability: Modular microgrids and packetized energy allow incremental expansion.

* Resilience: Distributed architecture reduces vulnerability to outages.

* Interoperability: Standardized communication protocols and ICT integration ensure
seamless coordination among diverse energy sources.

* Renewable Integration: Physical solutions must accommodate the variability of
solar, wind, and other renewable sources through storage and adaptive control. In
summary, the physical solution for the Energy Internet combines distributed energy
resources, microgrids, packetized energy management, advanced sensing, and
communication infrastructure to create a flexible, resilient, and efficient energy
network capable of supporting large-scale renewable integration and real-time
energy management.
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