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Figure 1 (Color online) The conversion (switching) of different types of energy
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Figure 2 (Color online) The local-area energy network
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Figure 3 (Color online) The basic schematic of the cyber-physical energy systems
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Figure 4 (Color online) The innovation mode of the energy operation
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3 REREBRMARNSSIRK

REVS LI XA D 24 i [ P9 b — A e W I FE R L, 2 ER MBI ST 7 HEIwJt T
&, UL EIHE LR BOR i vh o5 UL, FFIUS —E R,

3.1 [ESMEREBRMI AL RaNZSSIIR

2004 £ The Economist K3 T “Building the Energy Internet” 3! 15k $2 H i BEREIH BLIBEM (En-
ergy Internet), A48 HIPE I [ R RV B RS 0, KA 4t el B AR DR R BE L i LA | A P BT
W2, SCREIM AT UK AN RE B BN, DI/ K45 i S LS M. b 5 om0 e U EL BB P ik 47
TTTZHIBEE, F W —REEIR RS, 2011 4, REZEHERIK - BREGAEHZIE =k Tl
i) B B R BRI ELIE 2 B = IR T dr A% 2 —, A9 BR R ELER B 8 22 N OGVE, 72 AR THREK
SOMR. TN R L SR L ACEE S H ) BRI ELIEK X A AE R G I H R 4T 28 23 #

(1) fE[E E-Energy

2008 4F 12 H B E BB MBAR T KL — MR GIHT TR, MEBEEHAR (information
and communication technology, ICT) ﬁ%ﬁtﬂ*@ﬁ%ﬂiﬂ%ﬁ‘éﬁ%éﬁ & T R AR BEJR FLI X % 0o
AR, ZJa, EEBEFBUNKE E-Energy, 4 HAENE LR T H”, BAEHESNHE T ICT 0K
FUABEIR R H , BUI T RRIRM A= | Bk | T SRR AR AN AT 2 IR Ry, 124250,

E-Energy THXIEI T 6 MayuBiH, 700 6 M AR KM 57 Ak siit. Hdr, FERERER
eTelligenc Tl H W 5T 7 RFUE R I & AN LR 3R 2 [B] ()P 1l PG 2K HLIX ) RegModHarz it H M 7843
I 0 DX 3= 5 10T A BRI, S5 S 4A hloK B RE F sl ok S e U IR ST - B /RHBIX 1) E-DeMa
TG JUPASE FH P [0 By T8 RV A 7 2 R B B A €, AT SR ' 5 R G 2 () ) B3y, 347 e 1 X
¥ Meregio W1H M&E& T ICT BRI GEHAE, RSEI A Bdzh] 26~28 B-Energy 114
FE 2020 SFSEHLAE B b 78 1515 B RN 2%, AT R R 2% T BT A o 2 A0 AT LR AE S BOR AT R
TAE.

(2) Bk —— Future Internet for Smart Energy

2011 FRRME B T AR KB REREYR B EXM (Future Internet for Smart Energy, FINSENY) JiH , i%
T H A% OAE TR ARBEIE FLECM K ICT P&, SCHRCH RGE R Refs; 1878 8 se e i i 5%,
WA ICT R, TFR 22 SN I 2% WO Y R P9 1R, e 25 T8 B U 24 e R R lt 15 it 110 oK oK e
JEHIKM ICT P& 2. g 22 o TR S B0 T 905 I HE T R 0 e R FLIBCI 2 15, 7 B i 1%
REVR ELIR I, R BT AN N ) P AR B B R AR IR ik, ST — AR A S B JROIFHE R BEAL L)
R4

(3) Hit: —— Vision of Future Energy Networks

Vision of Future Energy Networks I H i 5fi 1= BEHIEURF B8R I0 A 2 RN L30T T3 [ ke, 3 8 65
S A 2 Re R A% 2R Gt iR F AN 23 A7 sCRE UR I B e AAEAk, TTRAH LI 2R G2 07 020 BT B R I
H B 2T H R AR REIR M 8 B S A e R, — 2l R A RIS 2% (hybrid energy hub) 2/
VRFEIFNAFA e, il RE YR N BB ELISS (energy interconnector) SEELAS [ GEYR I 2H A 14 (31321,
REVR I HH 2% 32 2 H 3 - IS B T2 Bt I R it e

REVS % HH 28 7] SR B I -G SN A7 Ar FR0IU 5 S e i) ) A1 =X IR | G P O T A R, et % O H A
LA M AT A PTSCBA R B PR BN L it L Bl A7, R REVRZE L T T fE
B AR (4 1 1, SR R GE R I — AN S22 ity [ 25 4 133,341,
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Table 1 Four typical cognitive styles of the Energy Internet

Cognitive style Main features Typical representative
Energy Internet Focus on the structure expression of the energy network America, FREEDM
Internet of Energy Focusing on the expression of the information Internet Germany, E-energy
Intenergy Emphasis on the integration of the Internet Japan, power network router

technology and the energy networks
Multi-Energy Internet Emphasis on the joint transmission and use Switzerland, VFEN

of electric, thermal and chemical energy

(4) %E —— Future Renewable Electric Energy Delivery and Management

2008 4, 2 [E EHF R ARG H IR PRI KRS AR AR m ST AR
4i” (Future Renewable Electric Energy Delivery and Management System, FREEDM), %37 | FRE-
EDM R 7eRe, 17 MRRBERTA 30 KA TALIK 3RS 5. 1200 H 8 S0 FE R S8 E R 5
A AT FAE R IR R R 23 A XA BRI I 0 = 2T F R e, PR N REVR LX) (Energy Internet) ).

FREEDM Tl H % e U BRI B8R N, SR G i A HERT R U i 7 H0R, 15 B BRI R 48 I
A, B RE AR E R E, 701 30 RE B #1725 BN 5 A SR G 0 B Y H 0 DR 2% 71 i L
Dk, DLICHLRE BB S 1 BE B0 A Ar e AL S g L BRE R [ A AR T AR N P R G
R P ) 22 AR i I A A T A BE YRR 46 A P R S P S B AR B A | R bR e P A AL B L T R
R BE AL AE B A rp TG Y IE 2 DA IR T AR A r B, ELUR DA o 20 AT SRR YR [ 25 AR SR AR RN
g I N R RCHL 8637 FREEDM T3 H fRZ O A T4 HL ) B 7 HORFIME BHER TN R &, 2L
D7 2% rh % E A ORE S, S H REVR K £h 25 RO & IR S 20 I R, DALY BEAE AR RO THC FRL Y )22 T A4
R RE YR FLIRIY, SIS A 0 45 1 R G4z ] 5 AC H. 18839,

(5) HA —— Hr s b % 2

2010 £, HASR 3 <& REREIRIE A THR, JT e REVEINIE E i X S5 TSI BIE 7. 2011 48, HATT
GRS “H R TR, R T BRI R A, R R T S R R AR 1 TP SR SIS R
FIRe EAL L HT AL R UE . I8 I SR S P TR . PR R R P 3 DA S AN [ S 31 2R 4 1 5 HL T 2
a5, IR S A L R ELIBE ARG, G A 2 T BB R L) TP Huhk SRR e S HL R
TENMEEE, M TR B E R SEEEWE 101 7E 2011 AT RR S 5w —5 DGR (B fi W i i
fv) AL T B OO Y it R A5 R R T B0, JE I R T R R R R R R R K. E R, HARS
- P B L L T I A3 P X o 7 r X B AR A 7 14041,

b, S5 AR LR SR 7 S AT 4 B, R 1 AR T AR R A
A AN, ABH ¥ P RIS FH B BER R 8¢, 18— DRl B i, A 1] 1 BER R 4,
AR R B 0T U LU B b 2R R VR 5 B 2 VY 2 LA REVR R4, DASE s m] FE AR RR YR A L
H, SCILZ O RE TR A RICHIDR AR H.

3.2 EREERERMINAL RZSSIIR

FLAE 20 228 80 HRAX, THE R K B SR T “cecp (BUUHI RGE— TR, 815 .
RSB RG LS BT EORIR RS LS. TRk, [ PR R R R B F 19Xt AN B o
G B BR SOACHE M AR S A 2012 5 8 H 8 i o FE REJR IR M A R IR TR AE VD 2847, Mg
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P B AT THE A28 120 2013 4F 12 H, b RFEH AR B H g <5 =k Tl ¥
“BEVR HLIE” & RT3, 2014 4F 2 H, EEKGEE R ZHEL A BRI AR RS TP F 8 «“Re i B
GREE T T PR, 2014 4F 6 H, o DR EEA T e A Sk [ 5K R A F SRR ATREPE U E “RE IR
SR 42 AR BRI 5, 35 IR AR SR R U5 EL IR X B A, 25 2 A I 1Y) R LR I 01 6. RIS 2 Bt %
IR <FRE B — AR KRGS AL R, $E T RERIR R A A

B T 28 1 )\ Ik A AR R OK 242 H BB YR A SRS, 2015 FBURF TAEMR & “HBML 473))
TR, BEVR -5 HE ) IE AN W7 S IR BE b, B OR bR T [ N BEVR BRI KR R 2015 4F 4 H, B
REVR R B BT REVR ELIBE Y TAE 2. 2015 4F 4 H, HERRFRELIFHL, DL el BRI : A
RS SRR ER T S A LR RS AR AL A WARJE B, DT REVR TR 1) R R S RO,
TEE P A=A T EER. 2015 4F 6 H, ERGEIERITE <ERaelE BT SRR BT 787, 6
FHAEREZR “HEPH" A7 30THRI 0 BB, 15 AR A Sk R JH A BE IR FLIDE I TS RFAE B,
ARAFEANRAE . B BV S A E R 2016 4F 2 A, BXKREMER LSRRl
TS BALEBECA & A B K Ae U LB M SO (O T4t «FC BRI R BN SR
D) U810 $ H T B ELIDE I 1 B 2 P, WA T HEE AR TR LI R R I e T AR EAR RN AT A5 AN
LS. 2016 4 3 H, B =17 MRIPWE 44 BRaREe <Rt ae -5 15 B A UE0R B AR R B
RS, RERRIR SIS . S IE SR X 45 i v, R YR PR SR R AN BRI LK
M7 2016 4F 4 A, EREBESMEZR RS GEI6 R ER A CREVRH AR Far @I H 17 3h %) (2016-2030
)Y, AR E RRYR TR BRI R il T AT R, HAr, FE G 2 A Sk A SN
MR 255 B AR LR IE 75 T R [ R 6 IR BN R G bRk 1 . BhAh, EHE RS B RH R
HJU LIRS REER S E H RV e e S B SRR, A BEVR ELIC I R R A& RS |
RIS 515 FARMERE S 3 b . S BAR T SE R IT T T 2 5.

MHBTHEBLCRE, Reli ILECN 23] T B A & ZOBUR IR SO LR IR e FE B A, REVR ELIC I 1)
S HHEAR M O E N 51 7RI 9T, IE IR i DSRS0 3 R A B, 1 DAL
PERT 728 T ISP B B A2

3.2.1 EABSRES

FI X BEVR ELIR M R S SR 5 2 L 7 3K, 3% BN RCA AR T LRI AT 4738
SCHR [45~47] 3R, REUR TR A DLELI 0 A8 4 5 B R i R LA BRI G <, i LUK H
R <=7, B oA SREVR S RE B B VR B oc oy R, i A BR324 ST RE YR
PNV ISR« A AN T 2 DA SR IR AS #5, 0IE SEPUE B Re YR B Ak SO ) — 1Ak, SEILAEYR HIXX
I 2 T AR S AN B AV A . STk [48~52] N BEIE BRI E LLHL ) RGN L, B RER IO E T, B
BRI KEHE . o S A TR ROl S SR A, 28618 F Ja b i o 0 B 7 BOR AN BEE B
AR, BHIIRGE KRR R DL Tk, 3008 B ARG SREME, M seiid . <. .
AR REIRAE B UREAN, HASEBL MGG ST R, AN SR BEl, b 5 A
MG, Rl SE R MR E T AR R

3.2.2 RRIRAKKE

BEUR TLIBCA R e A v e B I, B T BRI G BB 2 A, FER il b IR 5 BIBUR L 22
T AL SR 2 T IR R AR, PR 75 R R BRI TR R 0 5 e 2 B it 4. ST [53, 54] $2 H A ERBE
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V5 IR R 30 e RER TLIR MY, L8 LIS R O B TR (GlIE), DURIATEEREIRON £, 23R
HRZ AL R B A L. SCHR (55, 56] X BEUR TR T REAF AL R R AT T IRgh o #r, R R
M MR G fTAERL S = —1 RIRETR TR RS 5 17K 28 LA R BE IR TR 52 5 e T B 1

3.2.3 FAREZRKIAIN

RE YR LI I (K 2R B T S R W PR S S5 R R R G D REAN RS (1 L0 T Bkt 2 —, T FURE
VR BRI B A e R B A PR E SR, T 7T REVR LI WY A BORHESR S AR FMER AT DL g FE it e
REEVE LR M h— R B E 2k iR AL SCHR [57) X BRI LR WY 0 75 SRHESD R I IEAT 20 A7, 5L 1 eI L
BRI I BORHEZUASE Y. SOk [58] M REUR R & 31— TH AT HFFEEBERIRE /1 5 B R & AR R A e )5 2K, k55
RE BT A S = AN R TR R R ELIE PO EL S BB A A . STk (59, 60] TSR M4 HE,
MG AL A P2 3 SERE IR IR PR AMERL, O s S0 FE BEUR LRI R GE B SR 25

3.2.4 KEEARSH

AT AR BE VR LR IR J , T X RRIE AR L AR AEAE L IR IRTT o R RSB R BEAT R AT,
A AR SR BEUR ELIR I ) A Jee. TR [61~64] X BEJR TLIR M AR BEBORBEAT 1 A, B S BT Rei
KBR . KRR B R ROR L Jeit - T HOR . et REROR . B RERERE A BROR .
AR REOR AIEE L A TR . RGN MR RAR AR SRS, X6 48 TG S A i 2 i)
SR AT T 0 SR, DO E RER TN ) K IR S

3.2.5 KREREBIRZ

X REUR ELIR M R U HL T R G, SCHR [65] 4 Hh B AR AT BEVRUACH o R BN AL Oy £ 2
FAER = AR I RS, HOg T RpE R AN E REAL K LR RE . STHR [66 ~ 68] #RIT T REJR IR T /Y
BB, I NGEIEAS . BERTEA . i S TSP B ST 8T 7 ARSRECHE R SR
LR . SCHR [69] X SRAE ELIHORAE REV TLIR R o i N P HEEAT R, IR SR SR BRSO
FEARARAEVRELIB I 1 2 PR 5 58, SR [70] RAO A 2RI AR REVR K Fa kit i A 5 A 2K
PR EREREE . B BE A S A B BEUR ELIE N AR 4t

WEAh, STHR [71] 0BT 1 BV IR W0 BE 5 B AR 48 T Bt HOGR 2K, 4R TS A B IR R e
BRGNS R I A . SCHR [72] 98 R RE SO 12 RE AL REVR IR A5 2B 1 7 oK.
R A5 S5 % i AN RE BB R ARRE I, X 2% ) 5 RE YR LI IS AT R AR A 6, 4 AR SEBLE, JF
BEAT T SRURIAIE. SCHR [73] 3R T REVR LR AR vEE IR R M, 45 T PR AN T U5 A5 A RETR L
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Development status and prospects of the Energy Internet
Xiaoxin ZHOU, Rong ZENG", Feng GAO™ & Lu QU

Energy Internet Innovation Research Institute, Tsinghua University, Beijing 100084, China
* Corresponding author. E-mail: zengrong@tsinghua.edu.cn, fgao@tsinghua.edu.cn

Abstract The Energy Internet is a new energy ecosystem based on electricity with high penetration of renewable
energy, high synergy of multiple energy types, high synergy of energy value chains from supply to demand and
from planning to operation, and high participation of stakeholders. In this paper, we discuss the background and
significance, basic connotation, dynamic development, current domestic and foreign status, scientific issues, and
future development of the Energy Internet. The Energy Internet is based on the fusion of Internet Thinking,
advanced information technology, energy industry, synergistic energy network, cyber-physical energy system, and
innovative energy business models. It supports the energy revolution in achieving green, coordinated, and efficient
development and drives the economic growth.

Keywords Internet plus, energy revolution, Energy Internet, multi-energy cooperation, cyber-physical systems
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