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Table 2 Economic cost comparison

among different schemes

EHOWH EHOIzAT JPARE AEFIEE  IDRAMIG

TR s mA /T RA /T R/ T A /T
1 5115.62  5609.75 1072537  81.92 0
2 517532 6094.67 11269.99 0 0
3 509202 569854 10790.56  81.92 0
AXHHE 517734 5460.87 10685.86  102.92 47.65




@ ® 0 & % L %

R T AT R B0 T R 14 22 ) R R R s
fh%ﬁﬂiﬁ%?ﬁiﬂﬁm’aﬁ Bk, 51 DA-P 750

3 MR SRS HEAT X He , HOW e 4% SR 2% 3 A
No DA-PHZERERBET R IMHBIHESR, F
L A R PR A R A ST 0 T 5% 2 T Y R 1 T R
W dho KL, 76 DA-P 5 & T, i o 1 4 0 A A He
B BB 1| B ) IR 0 2 5 W A sy N A OB
R g, I BARE I R = A T K I S
BCAS T 530 R G A7 A B o 17 A SO s 3
1t R R S AL LT, & PR 4R A LA
BRI T T A5 25 T A O i D) SR Bl A i )
FH IDR %% U8 1 vk 55 43 FH 8 £ fir | BRI A et
PR (R SR X A H I AR, 2 — 25 S
TRBYPRE SR, REI M, AT RPHEE
H IR S FRA L DA-P T BT R 3 NHTFRHET
11.49 % F13.68 % , 3 H R Gis 17 A 4 5 FEAR T
6.9 % F14.17 % . it LR oHr, Kk T A SCH 48
PETF 2R Ge 28 U 1 AR P T A A

®3 AEFRMZEINERFHEIT
Table 3 Comparison of interaction power fluctuation

rates among different schemes
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Fig4 Comparison of heating results between

day-ahead and intra-day
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Fig.5 Comparison of equipment output between

day-ahead and intra-day

o BTN 22 SR SR BUR sh 4k 7 =X H
VR 3E 1k B A AL, 1 EH N 2 R4 S5 2 s
SER T R EH A5 A 0 GRS B — &
IE ARG . A, 7E B TR B, BT
B VA AR e v DR AR S FE 4y ) Dl 7R
IDR SR DL K 55 L 0 D) 2R 28 BRI H N ZRBisq T
BEAR o T BT, By 40 % A4 7 i A bR S AR Yo R it
FEAT A RZ A A, DRI H PN R A BE BT A4 7 i A R
A5 H AR A —E, nTEEK BT FH A4 .
Bl 6 25 T H i B g 5 SRR H PN 5 R e
IDR J&5 i frf it SR 5 S % . i 7 H st i
AR AR &, L H Y IDR IR 322 H TR
PG Aar P ST RGN Z MR . FR BRI : 7 08:00 —
17:00 F120:00 —22:00 i B F 25 il 8 sl A 671 fof 75
SRR I RSt L 70 Ao 1) AR I 8 v 5 TR, 9%
PARTTE 16:00— 22:00 Bk Bty ] 38 1 1) yai 35843 61
UFNEEIJJK/BZKJJXT%%%%“” PERY SR, 32 T+ RS
LU BEAN  FE A B, T AR — i I T R
zﬁJ,éﬁwﬁlﬂﬁﬁi’aﬁfiﬁdx%ﬁﬂa,@mTIDRS%?JE
FEARATBIL , FH L A 10 ek e A



%14 T i, T R AR A T 2R

LA E AT DN R A (39

600 1000

400 'f,/“’v\_f\\

= =
200 0
00:00 12:00 24:00 00:00 12:00 24:00

I 2] I 2]

(a) HAT. A M (b) HH, HA
R X L Ve AT RS L

H N ABTEERE, — H s
Blo HEI.HAGREERXTLL

Fig.6 Comparison of load results between

500

A/ kW

g / kW

day-ahead and intra-day
4 Zhig

A SCH:TF Stackelberg THZEFRIS , V. T EHO 5
HP Y N ZRE S BAERY 4240 T % I8 IR A5 IDR 1Y
EH Z2 ) 8] RUBEACAR I 2 S a5 20, 45 2
Wmr4ie.

DASCET#E H A 2R B3 A ge [m] iy 2% S8 AL T
W7 F B FE 3R T EHO W25 19 [R) s R A
FHRERA ; BT 85 i RS 4 AL IDR BT ZE 5 % i T
ZR IR R HERR T T = IR KR
FERAEAIE L, 32T T FH P 2 5 IDR YRR M

2) T HETE SR, % T XUy AR H S
Y5 Aar AN PEXH AR BE 2 . A H N I EE Ry
BOR BT MPC RSN BY 48T T R G0 Fm
5 e7 2 sl i e N SRR 1

3) 7% J& T AN[A] IDR S5 AE I ) RUBE b Ay o iy A
PE2ESVE. BT HNBRE I RS R G a1 T
M 42 Jy 22 B, R AE H PN B B 3 43 1) 38l A2
IDR SR BE AL RE#E— L4240 11 2 5 IDR 193 77,
I REA R A H R i, 2D G2 H NI
faf AN E PEXT EH AR B A TR RE I -

TEJG SEWRE TS, ik — 20 % TR AR AR 1
I AR BERY 2 BERR LI A B 45 X EH & 551847
Y5

& LA B 25 & (http: / www.epae.cn)

SE 3k

[ 1] GUELPA E,BISCHI A,VERDA V,et al. Towards future infras-
tructures for sustainable multi-energy systems:a review [J].
Energy,2019,184:2-21.

[ 2] % XBFo, sk o842, 45 . el DX RE IS ELI0k ) A MUK 5 3847 05

LriRl1]. 1AM, 2021,41(2) :24-32,55.
WANG Jiang, DENG Fengqiang, ZHANG Yongjun, et al. Re-
view on planning and operation research of park energy inter-
net[J]. Electric Power Automation Equipment, 2021, 41(2) :
24-32,55.

[ 3] LI Peng, WANG Zixuan, YANG Weihong, et al. Hierarchically
partitioned coordinated operation of distributed integrated energy
system based on a master-slave game[]]. Energy,2021,214:
119006.

[ 4] %7 R, ki, 5. U T 2 BRI 5 R i
ARSI )], ) A Sk ,2020,40(5) : 16-25.
YANG Xiu, YANG Yunwei,ZHANG Meixia,et al. Coordinated
dispatch of multi-energy network and energy hubs conside-
ring dynamic natural gas flow[J]. Electric Power Automation

Equipment,2020,40(5) : 16-25.

[ 5] DOLATABADI A, MOHAMMADI-IVATLOO B,ABAPOUR M,
et al. Optimal stochastic design of wind integrated energy hub
[J]. IEEE Transactions on Industrial Informatics,2017,13(5):
2379-2388.

[ 6] X0k, thfrss, 55 . S et K fng iy X I ZsE & hE

BERGuafTIl)]. RS ABIE,2018,42(4):113-120, 141.
LIU Dichen, MA Hengrui, WANG Bo,et al. Operation optimi-
zation of regional integrated energy system with CCHP and
energy storage system[J]. Automation of Electric Power Sys-
tems,2018,42(4): 113-120, 141.
[ 7 ] AREEE, XIKES, SCHm#e , 5 . 3T S N-1 %8 & ol 1 RE S AR AL 1
PR L] Ty A B ki g, 2019,39(8) : 137-143.
LIN Zihan, LIU Zuoyu, WEN Fushuan, et al. Optimal place-
ment of energy hubs considering N-1 security criterion [J].
Electric Power Automation Equipment,2019,39(8):137-143.
REMGRR, SR, SCRR T, GF L T S SRR 1 A RE AR 2
AR E )], Wy A sk ,2017,37(6): 101-109.
CUI Pengcheng,SHI Junyi, WEN Fushuan,et al. Optimal ener-
gy hub configuration considering integrated demand response
[J]. Electric Power Automation Equipment,2017,37(6):101-109.
TEAZ  BRIRME , BER 1, 5 . 2T ZRET AN AR A B (R £
feE Tl ]. B R G 54,2020, 48(11) : 160-168.
CHENG Shan, WEI Zhaobin, HUANG Tianli,et al. Multi-ener-

gy complementation based optimal operation of a microgrid

—
<]
[a—

—
=)
[—

with combined heat and power[J]. Power System Protection
and Control,2020,48(11):160-168.

[10] LIU N,HE L,YU X,et al. Multiparty energy management for
grid-connected microgrids with heat- and electricity-coupled
demand response [J]. IEEE Transactions on Industrial Infor-
matics,2018,14(5) : 1887-1897.

[11] MRELIR, AR, X, 4 . FT X2 Stackelberg 125 A S HE U

MIREEFROLA L) ] IR, 2019,43(3):973-983.
LIN Kaijun, WU Junyong, LIU Di, et al. Energy management
optimization of micro energy grid based on hierarchical Stackel-
berg game theory[J]. Power System Technology,2019,43(3):
973-983.

[12] JAIR, S s, sp et , 5 . AT S R Tolk bel X 2545 B

BARGHAETTIrE) ] BT RS A 31k, 2019,43(7)
74-80.
ZHOU Changcheng, MA Xiyuan, GUO Xiaobin, et al. Leader
follower game based optimized operation method for interac-
tion of integrated energy system in industrial park [J]. Auto-
mation of Electric Power Systems,2019,43(7):74-80.

[13] 1B, mardy, Xy , 45 . BT (L5 XU 1 R B3l e X 2 1k
BEMBERZ AR T]. b E LT R, 2021, 41
(8):2744-2757.

XIANG Enmin,GAO Hongjun,LIU Chang,et al. Optimal deci-
sion of energy trading for community multi-energy operator
based on game interaction with supply and demand sides[]].

Proceedings of the CSEE,2021,41(8):2744-2757.

[14] LUO Z,WU Z,LI Z,et al. A two-stage optimization and con-

trol for CCHP microgrid energy management[J]. Applied Ther-
mal Engineering,2017,125:513-522.

[15] Fd2 , BER Ty B . 0 UK v 25 A v SRR R (3 I Bl o 22

AR ROBERAC TR [T ], B &R 58 A 811k, 2019,43(5) :30-38.



@® D 8 A @ a3k

CHENG Shan, HUANG Tianli, WEI Rongzong. Multi-time-scale gional integrated energy system based on multi-agent master-
optimal scheduling of CCHP microgrid with ice-storage air- slave game optimization interaction mechanism[J]. Power Sys-
conditioning[J]. Automation of Electric Power Systems, 2019, tem Technology,2019,43(9):3119-3134.
43(5):30-38. [21] B0z, A, X, A G R LU T 35 dE SR $OLA B 1Y
[16] CHENG S,WANG R,XU J Y, et al. Multi-time scale coordi- ARG 2 PREEL) ). W1 R S8 A 8k, 2020,44(4) :35-43.
nated optimization of an energy hub in the integrated energy GE Shaoyun, LIU Jingyi, LIU Hong, et al. Economic dispatch
system with multi-type energy storage systems[]]. Sustainable of energy station with building virtual energy storage in de-
Energy Technologies and Assessments,2021,47(22):101327. mand response mechanism [J]. Automation of Electric Power
[17] BUONOMANO A,PALOMBO A. Building energy performance Systems,2020,44(4):35-43.
analysis by an in-house developed dynamic simulation code: [22] KONG X, XIAO J,WANG C,et al. Bi-level multi-time scale
an investigation for different case studies[J]. Applied Energy, scheduling method based on bidding for multi-operator virtual
2014,113:788-807. power plant[J]. Applied Energy,2019,249:178-189.
[18] JIN X,MU Y,JIA H,et al. Dynamic economic dispatch of a
hybrid energy microgrid considering building based virtual 1EEZRBN:
energy storage system[J]. Applied Energy,2017,194:386-398. I (1996 —), 8, MR A, £
[19] TASDIGHI M, GHASEMI H, RAHIMI-KIAN A. Residential BRI A Gt fi‘ﬁtﬂc%ﬂ
microgrid scheduling based on smart meters data and tem- (E-mail : 1094888438@qq.com ) ;

perature dependent thermal load modeling[J]. IEEE Transac-
tions on Smart Grid,2014,5(1):349-357.
[20] vk, (el , 22 T 2 0K AR AR AL 32 AL 1Y ‘ ]
a

A2 A1981—), B, #4%, H+ @1
VB BE i v A8 ) RRRE S 424 8
AEd W | 42 A-AE R £ %2 (E-mail : hpucquyzu@

ctgu.edu.cn) .

XIZE A REIR R G MALZAT ], s MEAR ,2019,43(9):3119-
3134,
GU Jie, BAI Kaifeng, SHI Yajun. Optimized operation of re- i o (4miE F#)

Multi-time scale optimal scheduling strategy of energy hub based on
master-slave game and hybrid demand response
WANG Rui',CHEN Shan',XU Jianyu’,ZUO Xianwang'
(1. Hubei Provincial Engineering Research Center of Intelligent Energy Technology,

China Three Gorges University, Yichang 443002, China;
2. Zhumadian Power Supply Company,State Grid Henan Electric Power Company,Zhumadian 463000, China)

Abstract: Aiming at the problems of the different interest demands of multiple market players and the system
fluctuation caused by the uncertainty of sources and loads in integrated energy system,a multi-time scale
optimal scheduling strategy of energy hub (EH) based on master-slave game and hybrid demand response
is proposed. In order to effectively evaluate the flexible characteristic of multi-energy load, the building
heat transfer model and domestic hot water storage model are integrated into the EH model,and the perfect
integrated demand response model is established. Aiming at problem of diversified interest demands in EH,
the day-ahead master-slave game optimal scheduling model of EH is established based on Stackelberg
game theory. Considering the influence of day-ahead source and load prediction errors on EH optimal opera-
tion, the intra-day short-time scale optimization strategy considering incentive integrated demand response is
proposed, and the day-ahead and intra-day closed-loop feedback optimization is formed. Simulative results
show that the multi-time scale optimal scheduling strategy of EH considering multiple integrated demand
response strategies and master-slave game can not only reduce the system operation cost and maintain the
interest demands of both suppliers and users, but also improve the ability of the system to stabilize the
fluctuation of source and load,so as to realize the economic and stable operation of EH.

Key words: integrated energy system; energy hub; multi-time scale; hybrid demand response; Stackelberg

game ; uncertainty
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Fig.A2 Master-slave game framework
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Fig.A3 Solution flowchart of master-slave game
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Table A1 Parameters of buildings
ZH HHMA EHB HEHC EHD
KM kw (m? K)Y]  1.092 0908  1.146  0.820
K"l m? 1000 2400 1500 2700
KM/ TkW {m? K) ] 2.8 2.75 2.8 2.5
KWin/m? 450 750 600 650
£/m 30 40 30 50
BiE/m 20 20 20 30
#iim 9 30 20 20
= A2 gEERASH
Table A2 Parameters of the EH
24 e 24 HifE
PSP, 50/500 kW PP -60/60 kW
8 0.9 Hoa 500 kW
P /P 80 kW Pon P 0
Pl 0.95 28T 1CT 0.35/0.85
PP, 500 kW pio f:ore 400 kW
P 1.2 kg/m® CAT 1k (kg°C)
Tl T 21/24 °C cwe 42Kl (kg-°C)
Al 100 L Toe T, 60/80 °C
% A3 IE
Table A3 Prices for purchase and sale of electricity
I B WA ARG {KW )] AT (KW h) ]
00:00-07:00 0.4 0.3
08:00-12:00 1.25 1
13:00-18:00 0.8 0.55
19:00-22:00 1.25 1
23:00-24:00 0.8 0.55
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Fig.A5 Forecasting data of buildings heat source and light intensity
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Table A4 Forecasting uncertainty level of output and load
w AN A LNt
HH 20% 25% 10%
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Fig.B2 Day-ahead scheduling results
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	202301005.pdf
	附录

