F415 F11H
2021 £ 11 A

Vol.41 No.11
Nov. 2021

2 9 8 % Wk &

Electric Power Automation Equipment

HUP AT BRERPE 2% A P S At 2R 2T
s REIR I L fbist 1

JhEFAR, £ AW, X AR
(W@ KRF WAIEFR, kG &% 710049)

HE . MAEZSRRMMANEFNZREFALDRZETE AREANEART R TORMINEITALAERE
Lo R, ELTAMMIBZEZTRAARFHE LEHAER P AR o) T HLA 205 B ot w 0 bk
ERME BAHAFABRBNIEEREBTEXFNETHRAER, LR AR METH T THLE AR
EW X B LTG5 T Al R AKX AR T 2B AT X T RMEE AR AR
RIG LA B A P AR #GE & B A E AR IE R 5 3R T A P A TRIE R T 69 ¥ A ik AR
AL ENER EMET R PAKERER . B EMRFFAER IR B AGEAR  SHIE T Stackelberg 34 #7 % 49
Hlherg—, %6, A RREE %S CPLEX R BHATTH A, SR EW A P M A RN
FRETFT, DN "B RRSGHMETE LR PN S, B AT 69 W Ak 2 AR A 28 %) T

W35 B A TN ILR

KRR 2 A AL R s IR TE A TR B3R & & Kovh 2 AR AT

hE 4SS TM 732;TK 01

0 35l

& ge i RE IR FR 48 vh 22 R RE IR A B ST, 45
KRB Z [0 TCVE A HAR G HAN , FERRIEA R,
255 BEVRUR M REH T 00 A A5 R RE IR 8 — PR, DX
— [l R T R R DT B MR BE
SR A 2T AR BE YR 53 16 OF ), ] i CRAIE R ) &R
Gl h: AR A TTIEATY . MRS BRI th 2
Fl g5 ASEF B0 H 4500 W, 15 G0 i 48 rh U0 A xE
DA B AN [) ) 4 A ) 2 0GR, GG W 7 5 0
HL 22 [ 1 2 A [ 8 ——— 2 DA TR AN [i] el X[
WA HR 5 A Y ) —— 22 i S AR B AR 2R b T
FE I =2 T Bl IR 22 ) 1) A i 0B ) R —— B A
THZETLL R P R 5 8 A R Z ) 22 B DR Y B 2
T ) —— AL PR A RIS G ARE
RIAR DAL PN 22 01 4 AR S A 110 1] T, HG o 2 DT
FUOME AR S VRIS AT e S 54
R AEAE IS U b A — Sy ] 37 A5 3 1
JT N o W SCER LS A A2 55 B MO (Microgrid
Operator) VE R 91 T 2 75 Gl 2 A Uesk , P A e
AR MO il 5 1 F A

S AOSIRR ST E 2 R DO RSN L R S
25 G REIR B M A AL iz A7 @l E AT T 0F9E . SOk
[5 TR 1 4k DI 5 R -7 T & RF A 32 AR
AL GZ E R S E R AR T 2%
W B #8:2020-12-25; £ 6 B #§:2021-07-23
BEEWH:BE A RAF AT A (51807149)

Project supported by the National Natural Science Foundation
of China(51807149)

XERFRERD: A

DOI:10.16081/j.epae.202109017

T % o AHIZICHER R 7 TE Gl BE S B X2 5y R
[l HERIIR 2 5 15E . SCERL 11 2% B 25 RE TR
TR AR RS AL TSR G REIR R S
IR A P DAY, (EL i oK 7% AR RERE B . STk
L1251 Ak fEIE B R, e AK Aiz & R 5 P i
FEOEAHBEAR 55, ar 1 5L T RE R X AL Y 22 BE FL AN L
W R G 2 AR TN IRA R . SCRR( 13 31 K fithE
L A R B, o L I B R S R LR R I Y
MIEZRREHAT THT5E . SCHR 14 1% 08 TR
BN S 5 R i i L sl 4 S L —
AL T R B TSRE . (BLRLE SOk bt e ) A A R
R B AR T ABGE i "5, AR RE R T
WE TR S5 . S350, B BRI T 5 T Y
ENTGEI T TEA WINDE S . 1esh, HATE A4
ZR TR IR SR 2 5
T BT LA LA R B SR A A9 5T« SCRIRL 15 IRHHR R
FeRLve AR IR AL iz A7 J7 SBEAT T IR RE % , i i
TV PR BT AN A Y TR SCHRL 16 T ST T g
ANXARBERT - B4 4 2R N EZRAERY, O a5
RS HTORM N R BES 505 5 SCIR 017 15X &
HLU R AL T PR DS SR T A S A D SR R A, )
A RIS T T BON R AR o

B, BETHEFEATAAAE L E AL - OMO il # iy
HR P LA AR TARGE R DL GE B8, iz A7 X
Y 4 TEAT T 4 s @ BUAT SRR 22 DA 58 A B FY
HE SR P O R AT A5, (ELJE: TP o R AT R
AR B ARG TR RBE ), JOvk ik B BRPE R PSR
PRIHAT A BREEPE DT A 1 SR TT s O RZ 50
KT EAE RERE B HL BRI B8



26} L/ AR {7 G-

F41%

TE N AT B B A2 s s r i 5 bR (O
SR 107 B B X — 2 32 SR i #9720, X P
ML RELE PR Y R TGRS BN, 2552 1t hs
i FRL AR A R 7 A

15 H TR I TAE R Bl b, A SCER G % I MO
Az AT AR T 00 e BRGSO JBE L 00 e ] i
#& PR SR G 25 e a1 4, S th AP Il A
BIRHPE N 2T 3 M55 H A SR Wi B2 A 2365 RE TR
PR RY, Ffad o S 0 B 1 MO TAE T LK
A5 LU SE A I 2 R TR Xs R S L B
IRERIRL N A

1 WMESITIESR

B 25 A BRI W A1) 25 7 R 2 MO 5 L8R
EH P BEEVUs(Electric Vehicle Users )2l i, EAA;
SOLEN1,

v o i
o
GRS
ot
A
MOl — o i A R
k|, MO ;}g«-—-—- W piE—— wE
4] 2935
WL | | S REA e . B ); L
e o
e (BT, - PABER, — HAEN

Bl SEERMMIEITERE
Fig.1 Operation framework diagram of

integrated energy microgrid
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Fig.2 Revenue structure analysis diagram of MO
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I AL

Optimal operation of integrated energy microgrid based on leader-follower game and
electricity and heat demand response under user-side limited rationality
SHUAI Xuanyue, WANG Xiuli, WU Xiong
(School of Electrical Engineering,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: With the increasing competition of various agents in integrated energy microgrid, it is of the
great significance to study the optimal operation of microgrid under multi-stakeholders. First of all,a leader-
follower game model is presented, in which the microgrid operators act as leaders, while electric vehicle
users act as followers. A microgrid framework considering time-of-use electricity prices, electricity and heat
demand response, electric vehicles and the operation mode of microgrid operator,is constructed. Secondly,
the “power determined by heat” mode is proposed,which can overcome the shortcomings of the traditional
“heat determined by power” mode. At the same time,the profit model of microgrid operator under these
two modes is proposed. Then,a user-side limited rationality purchase energy selection model is proposed,
which considers electric heating equipment, electric vehicles and demand response. Based on this,a user-side
profit model is developed. The proposed model is represented by the leader-follower game framework, and
the existence and uniqueness of Stackelberg equilibrium solution are proved. Finally, a simulation test is
carried out using genetic algorithm and CPLEX solver. Simulative results show that,the “following-electric-
load” mode increases the profits of microgrid operator and users simultaneously under the user-side limited
rationality model. At the same time,the proposed purchase energy selection model effectively restrains the
market power exercised by microgrid operator.

Key words:integrated energy microgrid;leader-follower game;limited rationality;electric vehicles;demand res-

ponse ;optimal operation
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Table D1 Other parameters of model

a, 0.4

b 35

Cie 0

a, -15

b, 56

Cin 0

U 0.9

Ve 15%

7 12%

&, 0.2

&, 0.15
cor 30050.2 kW h
Ces” 300>0.9 kW h
Cis 120 KW h
e 09

nss 0.9

A 370
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