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ABSTRACT: Driven by renewable power technology, internet
technology and other technologies, Energy Internet becomes
inevitable trend for traditional energy systems. However, the
issues of coordinated operation and control become bottlenecks
in its development. The issues are divided into two aspects,
multi-energy  coordinated  operation and  distributed
collaborative control, in this paper. Basic methods and research
challenges of energy hub modeling, multi-energy flow network
modeling and optimal operation scheduling are analyzed in
detail. Then based on hierarchical and distributed control
architecture, application of multi-agent system for Energy
Internet operation control is introduced, combined with
distributed optimization algorithm. Finally, subsequent
developments and research directions of the distributed
architectures of coordinated operation and control,
multi-energy flow optimization and decentralized trading mode

are proposed.

KEY WORDS:

complementation; distributed optimization; energy hub;

energy internet; multi-energy

multi-agent system

R 120 B REIRUA B BOR . TR BOR S SR AR (K4
T, BEVR LR M BN 1R SGEREIR R GE A SR AL SR B TE
B RV HLIER X B B 3 AT 15 42 Al B0 A A 1) £4) L A T f) S
sz —, MZReAEAT AR EREE 2 NEA
T BRI T RERARAERL, 2 REAIN SR, fitbizdT
SR S FEA T IE AN TEPRA FFAE T IR A 2f% | A 1 2
fifi b 45 & A AU FIEAN 9 T 2 B RER R SR REUR IR
WA AT Y2 10 82 P o 5 o BER ELIBR I 3 A1 s AT B 12 ]
TR F - Z RETAL % LA B 25 rhtn A 52 53 B XD e il i
T bR,

E&TH: FxXEAHRIRIBHQ2016YFB0901302); [F 5K HAAF
SEFEETHE (51577115, U1766207).

Project Supported by the National Key R&D Plan (2016 YFB0901302);
National Natural Science Foundation of China (51577115, U1766207).

R REEEIKKM; ZREEAN AL REERA;
EZ AL

DOI: 10.13335/j.1000-3673.pst.2017.2849
0 5§

RE VR 2 N AR A7 (4 0 DR B Al 4 2 22 05 K e
KIZN IR R, RIBEE SFREF R R, ALl
FEER R 28N RIS, A REVR A RS
JIr T BRI BRI G AN A A 56 ) R A 7™ B
EE XS REIR SRS AR M) B T, I T AR AR
IR 452 50, (HHHAN M @ 5, FR
FAIGE ™, I H R R A R R
fiK, EIEHZD T REREF .

I . KE s =it Bl MR
AR 1) ELIE AR R N R e 4 He 545 48 Tl A
SiE IR RN, el ELIRN BCOA R oA 2
AT P AR BEYR AL 40 1) A SN 2 Pl R VE X 24 X
AhE . e RGEAR R LIRS SEE . FEE
RS A H A 5> 3JFF2 T FREEDM JiH . E-Energy
TRl FINSENY 3 H &5 LA RAEHT e I8 #e 1
AR Y IR X AT 1) Sl e Jr U 7 R L BB X
PEIIRE =T, RETTEART 2012 FIFIHMRE
TR BB ANE S . 2Rt A OHR . K
Bt BIFEBSARBRBHTHR. 2016 4,
K R R REIE R A T R THEE 2 Be HLAME
ARG TAR R B St L), 3R B se i B
IRt — 20 K 48 1 7 1Al

FEIEH AR 9 BIR LRI (A% O AiE 2 —, 7
ZER)_EAREUN Y E O B R RE S, TS
AT PRI A 2 R, AT 3 e ) B S h m) BB
2 ANEM. —J5TH, M BRI 2 MR
PR E TN . ERMBRIR RS LI RS, B



1360

B REV IR 22 RE 0 A sUOLALIIE U PS5 e B

Vol. 42 No. 5

NRG FIRG . RV RS 7] BIRTE AL AR
FEAE /NG Bl BRIR L AL (HRARATI RN & R G
MR BT 5G], FEEIR N LEE R S
B QAT 7E 2 BERE AR 1 S R X 2 BRI 4%
AT AR, SLIZEA BRI RGPS 4T
SEAR PN REIRAE = AR BEURTH TR N AT
TETERIRE R ) O . 9 —J7THI, VR ELIE N 1)
O\ 1) FLERAR DL LE I - —faf i O i RS AT 3 . A%
GREIR R B A B —Em M, BRI AR
FI T B (HLEREVR B A T 434 =X
AEREIRI RN, TR EA “UE-fr”
WU JE M. HE A o G R 4 S IR HL e s v (K
EPEPET A & T IXM T A £ 538 0 554
NI B2 30 B EA, 3xX it 75 BRI F Ae R % B
ARG LI Z BRIR R A A Ak, FTH
RETRAEAE P, . efb. fifk. FIFSSATRY
LEAERRE S, sah, A AL 15 5 ) 5K
WA R TSI “OR AR BIREYR L 4t
20 (bR, M. AR S BEEE), NAE
IR 210758 5y P L IR S kAl

B 0T BV EL I AR 1] 5 0 ) EL BRIV AR A, AR ST
YT SE T 2 RE AR kIS AT I R R
WAL 2 88 i WX 45 g A5 7 1 DL A R Ak i2 47 36
W, TEULEEA X Ae R ELE 3 2 oA 2 i 2244
oA AR R FR AT T 39N, N HT 2H
REAAR R GUTE R R T 43 A 2 Ak ) B2 A%
5 JE 0 BE IR ELIR I AE 2 R o A AR A2 47 S5 4
S AH SR T AT T R
1 ZREMIAMMLEIT

REVE BRI B T AR E &, R SR
RV DX 26 [A] RO A [ il 5 I R, ] R FH RE AR AL E
CEARRIR R G R AT ST R B AR s X
T 2 R IR X 4% R IR R ds 47 ) U TR B K £ R
TR, Rl RO A & RIS AT SRS .
AR RZWE 1 Fis.

RGBT R

EHEM T [

DhEshG
E1 ZeeiBEiToefRxRE
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Fig.2 Modeling approach of optimal operation issues

BRI IO A RKGESE RS A
B, AR 0 TR T A 5
) B X Al sz 47 1) . % Fit & CHP M4
IBAT LA LAk e T A3 i S5 DR 2K BT R A D0 AL A
BRI, 12 TR A B A R VR A A O
M BAE T 5 N TE e E LM S5 & 1 F Budt iy
SRS AR URAZ R A RO (E A R FE R
ZRER ARG A E M AT HRe e A B 22 &
REUR 3 R N 5 FRIE AN 78 73« [N, H TR
BRI S AR A1 2 ROV R P A 0, e B
WX AT A T A v =5 8 2H e S Fh i AR AL

18 FSCR SEM A — AS IA AAR R 1A) 1) 2

Xf S X A X IR e BRI, 2 RE
WX LR TR N R L B L R 45
ZREURINZ, JLAEAR DAL B2 At 75 LA 9T 2 e
SRR A R R, 5 2 )P % I 26
Rt 4 AL T 0B L 9160 8 T 1
T4y
min f(x, u)
{h(x, u)=0
s.t.

g(x,u)<0
X x WREZRE, B NRGTHHEE. B
i, RIRRGH UL W, I RGEHHGER
B e, BERMRAISHRINRE: uw A
2, OFEORGKBEIT T, RIRIARG LS8
PLAREL, ) RGERIIEL ), REEMXAL 73 Bie R 4L
o HARBREL £ (x, ) B0 2275 18 RE YR HLHK
W FR) 22355 R0 et AN 20 2 o S5 AT h(x, w)=0 E %
BLIEP IR BRI AT TR . Re XA N B Re T
. M S5RERKAMES TR AEXAR
g(x, u) <0 FEMFFRARLR ., RGIBITLIR. fe
BAXA A S LR

R AR B A T R R BN AR S iE
AT BRI (8] ROBE DA R BE T 58, TR T et
B MR RIS B HORAS, R R &
PP, TF SR . s RS RO R
S eI BB AT Rt . B — 5, 3T
VEONREUE TR R HIAZ O SCHE M AR, 2% IXHRER & RE YR
RGAE LI HA 2 e VR0 A B[R] S PR AIE R
(0 F BT R ANARE V. LIRS, BB A] AR
REVRH N S5 AN 2 TR 3R S R T I RE TR R 42 1
VESEENLME, 2 Rebhi AT S th & Ak
e 70 A1 A B AR C ROy — Fb S/ %5 . 1ERETH
IR 73 22 At 3 A 1) 454 TR SR 20 A R Y
B AT P AT R AR A B R SR AR AESE 1%y
WERAE T — T g 4.

2 SHNBELKIEE

=P At )

5 L IR I 8 35— I — e — i — R AL A 7] LIy
TR A AT AR REUR A BB B R B TR A I
sl KA A BTN . R A S5y
L KA e R A b 3R 2 07 5 5 ZEAE (7)) 2 Atk
FRS A AR R, SRR RE
fi At T 5 KAl 1) B v o 2 T T ) 2%

(7

2.1



FA2E Fs W

A G S N 1363

M TR, SEGHEN R, H i
R HEAR ) R L SR e i IR b IR, KR
I A 2 26 1D BRI BT PH {6 E U T 35K 0 £ 4 254
FIRERER A AR, B rh AT AR LLE
B B R, 3R A AT i0Z T O AR
HEM RS T 5EH RO G, 528 aek
ARG E LS & O RE IR T M B Re il i e fit 1
AR RIRIE

R A sz, o0 247 1 SR F TS D
RIF ORI RGETIRG T 2N S50 ZETT
OB RS L B EE AT R 5y, anse i
LRSI 2 155 RE HIONT [0 SR 45 4 45 DR 3R a3k —
B0 AT X e XA ) 0 J= T AR LR R
B R RS LN AU RS, AT
P RGURARRI AT SENE . ROETE S nT i I . SR
2 DX 2 T2 R (A W R 4 ) 2 3 RO B R 3 45 SeE I
A8, SN RGBT AR . BT, B
ST REREAT 20 2 K BB, R REIR LI AL
YRR ES FH 28 )= . RESSCIHLZ A RE B % 1R 410k
(¥ 3 ZE5H, o3 ) SEBLIX I REVR LRI 5% Gt HL A
R . BEUE T I 5 e rh o R DA S A X
BT REVE T AR, SR P T RE A0 2 42 Il 5 4
BEAT RERT AT . BLRERTR M T AL BRI A
FE, AU T RGUBRIZ AT, 1 H 5 T
REUR FLIB M A B E AL AR AL o

S DiRe o IR A R 1 SR 1) B, 181 3
25 T REVR LRI S AR ) SR s R

TEZY 2 o0 A s\EE R T, eV LR Y
2 A REURT R T T X 2R S 2 A BE YR A T R
A, HAE 7 A M G A A R 3 Z AR B (S

FEUR ELIE
EERR

> WL

oo BT

B3 REREBKMS RS RITHIZE
Fig. 3 Hierarchical and distributed control architecture
for energy internet
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