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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 faces 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
Location Name Solution Objects Achievements
Controlling with electronic techniques. (D Plug and Play Interfaces
FREEDM!!2] Connecting components by energy routers. Electricity @ Energy Router Prototype
Focusing on power distribution. ® Open OS
Coupling tightly ener technique and information .
R p( € ety &y d . @ Virtual Energy Storage
Smart Energy!™%19!  technique. Electricity .
USA . . . @ TELOS
Concerning all stages of energy consumption.
Constructing the future ener system inspired b o
LoCaltt4-20] € 8y sy ! Y Electricity (@ LoCal
Internet.
Spotlight & PEIR Information networking supports energy scheduling El o Sensors Networking Architecture
- ectricit . .
UCLAC21-22] and demand response. ¥ {0 Collect Information
Coupling information and energy. (@D Service based IOE
Germany E-energyl?3] Setting communication channels to optimize transmission Electricity (@) Smart Meters
and consumption of energy. @® Predication System
Connecting smart meters and smart appliances. Electricity,
Bornholm Island . . . . . . . . .
Danmark . Selecting strategies relies on all kinds of information, Gas, An Example
Energy Networking .
such as environment and demand. Water
A mechanism to support double direction dispatch of
- energy. . Energy is stored with electricit
UK Smarter Grid[?425] gy . . . Electricity i &y Y
Intelligent interaction between processes of production vehicles.
and consumption.
European Integrated European A general networking of Europe including sharing and All Integrated Architecture
Union Energy Network ?6)  optimizing all kinds of energy. Energy Hub
A networked energy service platform to assign all
- kinds of energy efficiently.
Smart Energy 27" . &y . v .. All Energy Service System
Integrated information technology to enhance efficiency of
sharing information.
Robust smart grid architecture with ultra-high voltage
transmission networking Ultra-high Voltage Transmission
China Smart Gridl3-28] Operating it with smart scheduling center, smart Electricity =~ Networking
transformation stations, integrated information system Power Control Devices and Systems
and distributed power generations.
Power grid is as the backbone WAN, Mircrogrid is as
the LAN. . Technique Reports
Energy Internet Electricity d b

Integrated information-energy switch devices connect

all kinds of components.

Energy Router Prototypes
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Table 2 Comparison between Internet and Energy Internet

2
View Internet Energy Internet
Realizing an infrastructure for communication, Information driven energy utilization infrastructure.
Obecti transmission and sharing of information. Proposing Distributed renewable energy is used easily.
jective . . .. . . . . .
convenient interfaces for users, and promising QoS for Supporting to customize energy consumption plan.
various types of Internet applications. Realizing an information-energy coupled system.
, None related standard model, there exist several references.
OSI model(or TCP/IP model) 2] . N . o
i . L 1) “1+ 1”7 model: information infrastructure supports energy
Developing Internet applications and transmitting .
. . control and scheduling of energy systems.
information are separated. “ » . . .
Infrastructure 2) “1X1” model: operating as the Internet, switch devices couple
IP address became bottleneck of the current Internet, . [ . d i
. . information and energy tlow.
CCN, SDN and adaptive future Internet models | . . . . .
Ca0] 3) Hybrid model: selecting different solution for special cases
appear-30/, . .
under different scale and environment.
More research is needed for communication protocol, such as
Every layer has its protocols, any application was energy control protocols and mutual integration protocols. Building
Protocol L . . . . o
served by combination of protocols. the protocol family which both inherit the existing mature
technology and meet the goal of energy Internet
For supply. units of energy production, transmission, smart
c The existed customers include ISP, service providers, control and regulation, and information administrators.
ustomers . . . . .
customers to rich Internet contents, Internet surfers. For consumption, energy consumption customers, information
service users and so on.
Servi The supported services include Internet access, The services should include customizing energy consumption,
Service L . . . . . . .
visiting services, information interaction, etc. information processing, etc.
QoS The indices include delay, jitter, availability, Energy related: cost, reliability, security, survivability, etc.
(e . L. A . .
confidentiality, reliability, etc. Information related is same as Internet.
b A}
’ : ’ - ’
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Table 3 Comparison of Traditional Power Grid, Smart Grid and Energy Internet
3 _ _
View Traditional Power Grid Smart Grid Energy Internet
Energy Electricity Electricity All types such as power, heat, light, etc.
To plan and build power Using technology of communication, Building an intelligent system to integrate
infrastructure of production, analysis decision and automatic energy  production, storage, metering,
Goal scheduling, distribution and control to realize that the grid is communication, analysis decision and automatic
transmission to meet end-user observable, controllable, adaptive control. It aims to build an ecosystem of on-
consumption. and self-healing. demand energy consumption.
To build an architecture to support
. .. L A*“plug and play” system. “Prosumers” become
. . . energy consumption efficiently. Building . .
It is a rigid system and it has . the main type of users. Flexible structure
. . . a flexible platform to deploy more . .
. L centric  hierarchical  control . o . . evolves with the time, events and other
Characteristic . . functions and optimize configuration. . .
mechanisms. There always exist . . factors. Users can customize energy strategies.
R o The main features include robust,  _ R X K
information islands. . . The features of robust, compatible, integration
compatible, economy, efficiency and L R i
o and optimization will be more evident.
optimization, etc.
L. . . For various types of energy, technologies from
. Electricity, intelligent control and i o o
It focused and developed mainly . . . . production, storage, transmission, distribution
. . . information are considered to build an . X . R
on electricity,  information - . . to consumption are imperative to be studied.
. efficient power grid. The operation X R . . .
Techniques  technology has been used more | . . Information interaction and intelligent control
L. include generation, transformation, . .
and more to enhance efficiency .. L . may merge. The techniques to build an open,
transmission, distribution, consumption, i . K
of power supply. . adaptive, self-learning and self-evolving system
scheduling and other aspects. . .
will be expanded rapidly.
The main method include upgrade and The construction is service-o two roads are
replace. Research on architecture and discussed.
From LAN to WAN, the mechanisms provides theory foundation, “Evolution” emphasizes to gradually achieve
coverage and security have been the existing technique and specification the goal through developing needed technologies
Construction  improved. Until the end of are inherited to construct the smart based on the current energy networking, such
2013, China has realized power grid steadily. SGCC has planned to as Smart grid 2. 0.
supply for all residential areas.  build a robust smart grid through “Revolution” stresses a new energy model
building the Ultra-high  voltage include supply-consumption balance, on-demand
transmission networking. consumption.
To serve energy including electricity, heat,
To mainly serve power supply, also gas, etc. Various services will emerge in order
support smart life. It will build a to improve the quality of experience. More
Operation Power Supply. platform  to  realize information value-added services except for energy supply
interaction  between supply and will arise, and they will become the main profit
demand. resource of the system, such as to provide
smart transportation, smart home, etc.
. ’ Ay
Power Power Flows Power
Generations Consumers N s
(a) Traditional power grids . P
Power Prosumers ’
Power Flows
Power Power
Generations Consumers .
(b) Smart power grids
b
Fig. 1 Evolution of customer roles. .
1 2.2.2
2.2.1 , ,
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Application and (KNX)
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Fig. 7 Existing standards and protocols for constructing energy Internet.
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