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Core Elements of the Energy Internet

Overview
A model of an atomic nucleus showing it as a compact bundle of protons (red) and
neutrons (blue), the two types of nucleons.

Key Takeaways
The Energy Internet integrates smart grids, distributed renewable energy, energy
storage, electric vehicles, hierarchical control networks, and digital technologies like
AI, IoT, and blockchain to enable efficient, resilient, and sustainable energy
management.

Network Architecture and Hierarchical Control

The Energy Internet employs a hierarchical and regional coordination structure,
transforming traditional tree-like power networks into hierarchical partition networks.
This design supports regional autonomy, intra-layer partitioning, interregional
interconnection, and hierarchical regulation, allowing local energy clusters to operate
independently while maintaining overall system stability. The architecture spans
multiple levels, including home energy LANs, urban Energy Internet, regional
networks, and global networks, with ultra-high-voltage (UHV) grids forming the
backbone for large-scale energy distribution and clean energy substitution.

Smart Grids and Renewable Integration
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At its core, the Energy Internet relies on smart grid technologies to monitor, control,
and optimize energy flows. This includes real-time situational awareness, AI-driven
microgrid control, and renewable integration optimization, ensuring grid stability
despite the variability of distributed renewable sources like solar and wind. Energy
storage systems and electric vehicles are integrated to provide flexible demand
response and bidirectional energy flow, enabling prosumers to both consume and
supply energy efficiently.

Digital Technologies and Data Management

The Energy Internet leverages digital technologies such as IoT, edge computing,
cloud-based big data analytics, and blockchain to facilitate real-time energy
transactions, predictive maintenance, and demand-side management. Advanced
frameworks like digital twins and virtual power plants enhance grid flexibility, while AI
and machine learning algorithms support fault detection, self-healing control, and
adaptive optimization. These technologies enable secure, transparent, and
automated energy trading and operational decision-making.

Energy Hubs and Multi-

Energy Coupling

Regional and urban Energy Internet systems often function as energy hubs, coupling
multiple energy networks, including electricity, natural gas, and transportation
systems. This multi-energy integration allows for efficient energy conversion, storage,
and distribution, supporting carbon neutrality and energy equity goals. The Energy
Internet also emphasizes plug-and-play mechanisms for seamless integration of new
energy resources and devices.

Operational Principles

Key operational principles include real-time bidirectional energy and information flow,
decentralized control, and hierarchical self-regulation. These principles ensure
resilience, reliability, and scalability, allowing the system to adapt to fluctuations in
supply and demand while maintaining continuous service. Experimental projects
worldwide, such as Germany's E-Energy, the US FREEDM network, and Japan's Digital
Grid, demonstrate the practical implementation of these components at microgrid
and regional levels.

In summary, the Energy Internet's core components combine advanced network
architecture, smart grid technologies, renewable energy integration, digital and AI-
driven control systems, energy storage, electric vehicles, and multi-energy coupling
to create a flexible, sustainable, and intelligent energy ecosystem.
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Article Content

Energy Internet: A Novel Green Roadmap for Meeting the Global

This paper describes the basic features and the key structure of Energy Internet,
proposes a hierarchical model, and presents key technologies, such as distributed
energy storage technology, energy router

Recent advancement of energy internet for emerging energy

Key features of the energy internet such as energy sources, communication
technologies, data computation, energy management systems and financial analysis
are highlighted to enhance

Key Technologies for the Energy Internet | Springer Nature Link

Energy Internet (often reflects Internet plus energy) is a novel energy network that
interconnects the power system components: production, transmission, storage, and
consumption

Energy Internet, the Future Electricity System: Overview, Concept ...

Energy Internet integrates small-scale renewable energy systems, electric loads,
storage devices, and electric vehicles for effective transaction of power backed by
emerging technologies

A comprehensive overview of framework for developing sustainable energy ...

Abstract Energy Internet (EI) envisions a future energy system with sustainable
concerns of efficiency, economy and environment by achieving flexibility of multi-
energy-integrated physical

Evolution of smart grids towards the Internet of energy: Concept and ...

To achieve low-carbon sustainable energy development, new technologies such as
Internet of Energy (IoE), intelligent systems and Internet of Things (IoT) as well as
distributed energy

Atomic nucleus

A model of an atomic nucleus showing it as a compact bundle of protons (red) and
neutrons (blue), the two types of nucleons. In this diagram, protons and neutrons

Energy Internet, the Future Electricity System:

Energy Internet, a futuristic evolution of electricity system, is conceptualized as an
energy sharing network. Its features, such as plug-and

Gartner | Delivering Actionable, Objective Insight to
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Gartner provides actionable insights, guidance, and tools that enable faster, smarter
decisions and stronger performance on an organization''s mission-critical priorities.

Key Technologies for the Energy Internet | Springer Nature Link

The energy router is considered a core component of the Energy Internet, and it is
responsible for real-time energy conversion and sharing, accurate data acquisition,
processing,

Energy Internet: Redefinition and categories

This is because energy cannot be stored as cheaply as information on the Internet,
and it is difficult to trace its source. However, with the continuous reduction in the
cost of electrical energy

What is Energy Internet? Concepts, Technologies, and Future Directions

The climate change crisis, exacerbated by the global dependency of fossil fuels, has
brought significant challenges. In the medium to long term, extensive renewable-
energy-based electrification is

A comprehensive review of Energy Internet: basic concept, operation

With the intensifying energy crisis and environmental pollution, the Energy Internet
and corresponding patterns of energy use have been attracting more and more
attention. In this paper, the basic

Energy Internet, the Future Electricity System: Overview, Concept ...

Energy Internet, a futuristic evolution of electricity system, is conceptualized as an
energy sharing network. Its features, such as plug-and-play mechanism, real-time
bidirectional flow of energy,

Construction of energy internet technology architecture based on ...

The energy internet is an important technology for promoting renewable energy
integration and improving energy efficiency. However, due to the complexity of
multiple energy networks and the

Internet of Things (IoT): What it is and why it matters | SAS

The Internet of Things (IoT) is anything that connects to and shares data through the
internet. Learn the history of IoT, key terms, and how big data analytics works with
IoT devices and machine data.

Energy internet or comprehensive energy network?

What needs to be developed from the concept of “Smart Grid” is that: when
renewable energy sources are absolutely prevailing in power generation, distributed
power generation and
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CONCEPTS, TECHNOLOGIES, AND FUTURE PROSPECTS FOR THE ENERGY INTERNET

Energy Internet has a promising future due of the rising emphasis on distributed
renewable energy systems, the integrability of developing technologies, and its
applicability in energy sharing networks.

Related Video Reference

This video was associated with the source search result. Verify technical details
against current product documentation and project requirements.
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Continue your research online:
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