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Abstract  The drastic increasing demand for energy aggravates the shortage of energy state. Using green renewable energy paves
a way to solve the above problem, however, how to access and control these types of intermittent energy face more challenges.
Energy Internet (or Internet of Energy), differentiated from the Internet of only transferring and sharing information, has been
forecasted as a typical representative of the coming industry revolution. Comparing with the Internet, Energy Internet must have the
ability of efficiently managing the energy lifecycle including energy production, energy transmission and distribution, and energy
consumption. Its objective contains conveniently switching in and switching out, efficiently dispatching energy and dedicatedly
fulfilling all consumers’ demand etc. In this paper, we analyze the potential requirements of the future energy system, state the
related concepts and characters of energy Internet, survey all results with respect to the information technology in energy Internet,
and conclude an energy Internet infrastructure and its support technologies. In addition, we discuss the opportunities and challenges
of information technology during developing the energy Internet.
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Table 1 Existing energy internet prototypes
® 1 CUA I Re YR FLIE I SR Y B 4

Location Name & references Solution routes Objects Achievements
USA FREEDM -2008[12] Regulation control through power electronic Electricity (@ Plug and play interfaces
techniques @  Energy router prototype
Components connection through energy routers ®  Open 0S
Realizing energy internet for  power
distribution
Smart Energy Coupling tightly energy technique and Electricity (@ Virtual energy storage
[9-10][7] - 2008 information technique [®) TELOS
(Pudure) Concerning all stages of energy consumption
LoCal [14]1[20] -2011 Internet inspired future energy system Electricity (@O LoCal
Berkeley View
Spotlight & PEIR Information networking supports energy Electricity Sensors networking architecture
-2010 UCLA[21][22] scheduling and demand response for gaining information
Germany E-energy -2008 [23] Coupling information and energy Electricity (@O Service based I0E
Communication channels between transmission @  Smart meters
and consumption of energy ® Predication system
Danmark Bornholm island Connection of smart meter and smart Electricity An example
energy networking  equipment, Gas
-2011 Strategies relies on various of information, Water
such as weather and demand,
Automation decision
UK Smarter grid Double direction dispatch of energy Electricity Energy is storage with Electricity
plan—2010 [24][25] Intelligent interaction between production vehicles
and consumption
European Integrated European A general networking of Europe including All kinds Integrated energy networking
Union energy network [26] sharing and optimizing all kinds of energy architecture

-2011

Energy Hub




China Smart energy A networked energy service platform to assign All kinds Energy service system
networking [27] all kinds of energy efficiently
-2009 Integrated information technology to enhance
efficiency of sharing information
Smart grid [13] [28] Robust smart grid architecture with Electricity Ultra-high voltage power
-2007 ultra—high voltage transmission networking transmission networking
Smart scheduling center Series of power control devices and
Smart transformation stations systems.
Integrated information system
Distributed power generation
Energy internet Power grid as backbone WAN Electricity Technique reports

Mircrogrid as LAN
Integrated information—energy switch devices

connect all kinds of components

Energy router prototypes
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Table 2-1 Comparison between Internet and energy internet

2 {7 BB 5 BE Y IR P X L

FHIE BEOR

Internet Energy Internet
Objective Infrastructure for information communication, Information driven energy utilization
Information transmission and sharing, infrastructure———information utilization,
Convenient interfaces for users, Distributed renewable energy is used easily————intelligent
QoS for various types of Internet applications control,
Customization for using energy————information processing
Constructing information and energy coupled
system——efficiency
Infrastructur 0SI model Cor TCP/IP model) [29]: None related standard model, several academic exploration
e Model Separating application and information transmission: (1) “1+1” model: information infrastructure supports energy
ISPs provide basic Internet access, information control and scheduling of energy systems
forwarding and  equipment leasing. Network  (2) “1X1” model: inspired by Internet, switch devices that
application service providers can provide a variety be able to optimally couple information and energy flow are
of Internet applications. designed as fundamental connections.
Finite resource of IP becomes the bottleneck, CCN, (3) hybrid model: different scale and environment apply
SDN and adaptive future Internet model appear [30] different solution
Protocol multiple protocols for every layer, appropriate More research is needed for communication protocol, energy
combination serves different application: control protocol and mutual integration protocols. Building
the protocol family which both inherits the existing mature
technology and meet the goal of energy Internet
Customers ISP, Service providers, Internet surf customers, Supply side: Energy production unit, energy transmission
customers that rich internet contents unit, smart control and regulation, information manager
Consumption side: energy consumption unit, personalize
energy consumption customers, information users
Service Internet access, service access, information Energy demand response, personalized energy consumption,
interaction and security security and information processing.
QoS Delay, jitter, packet loss rate, availability, Energy wutilization efficiency, energy fees, network
confidentiality, reliability, feasibility, etc. reliability, security, survivability, etc. information
service related quality
Relationship Internet provides a reference example for energy Internet. Energy Internet needs to study issues related to the

distributed energy management;

Existing energy networking has covered almost all area. The future energy Internet can become important supplement

for existing information Internet; energy management functions of energy Internet may be only one hand of the future

Internet
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Table 3 Comparison of traditional power grid, smart grid and energy internet
K 2-2 At 458 r - 1 HL X - BEVSE L3R A EL A

Traditional power grid Smart grid Energy internet
Energy type Electricity Electricity All energy including power, heat, light and
SO on
Objective Plan and build power Using technology of sensor, Building an intelligent energy networking
infrastructure of production, communication, analysis decision and that integrates energy  production,
scheduling, distribution and automatic control to enhance storage, metering, communication, analysis
transmission to meet end-user efficiency of traditional power grid decision and automatic control. It aims to
consumption such that the grid is observable, realize an energy ecotope such that energy
controllable, adaptive and  supply meets demand access and customized
self-healing. consumption.
Characteristic Rigid system and centric Robust and reliable power grid “plug and play” for energy whole system;

hierarchical control mechanism
to meet the users’ demand.

There exists several
information islands and the
information share degree is

low.

architecture and efficient

information exchange platform to

support energy consumption;
optimized control. Building a
flexible architecture including
function modules and system

configuration. With the features of

efficiency, robust, self-healing,

compatible, economy and

optimization.

“prosumers” become the main type of user;
flexible networking structure may be
adaptive with the time, events and other
factors. Users can customize their energy
robust,

strategy. The features of

compatible, integration and optimization

will be more evident.




Techniques Focus on electricity

technology, information
technology appears to enhance

efficiency of power supply.

Integrating power technology,
intelligent control technology and
information technology to provide an
efficient power grid. The control

cover the cycle of support power

For various types of energy, related

technologies from production, storage

transmission, distribution to consumption
to be

are imperative studied deeply.

Information and intelligent control may

generation, transmission, merge. An open, adaptive, self-learning
transformation, distribution, and self-evolving system is to support the
consumption, scheduling and other rapid expansion of the networking.
aspects.

Construction From LAN to WAN, gradually Upgrade and replace existing Goal-oriented, none planned road map.
expand the coverage and improve equipment, augment more intelligent “Evolution” emphasizes that gradually
the power protection devices. Research on architecture achieve the goal through the developing the
capabilities. Until to the end and mechanisms provides fundament, needed technology based on the existing
of 2013, China realizes power using existing technique and  energy network. Smart grid 2.0 can be
supply for all residential specification to construct smart considered as the electrical energy
areas. grid steadily. SGCC has planned to Internet. “Revolution” stresses a new

build the robust smart grid through energy supply—consumption patterns,

building the Ultra—high voltage on-demand design . Open and “horizontal”

transmission network. feature will accelerate the integration of
various technologies and innovation.

Operation Power supply Power supply is main, smart life A harmonious ecological environment of

management (a platform providing

information  interaction between

supply and demand of water, heat, gas

energy supply, the pay of using energy is
no longer the main profit model. Various

services will emerge in order to improve the

and so on).

quality of life of users. Supply specific
application will become its main profit
model, such as smart transportation, smart

home services and so on.
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Figure 2 Evolution of energy internet
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Table 4 Existing standards and protocols for constructing energy internet
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