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Fig.1 Framework of IES participating in

electricity market
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Fig.2 Operation pattern of IES in electricity spot market
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Fig.10 Results of rolling optimization under

IhER / MW

disturbance of electricity price

de e I E A TR i, CHP AILZE M ) 1 3 R,
FLAR I FE L BHIE LT RSP XS SE R B 19 Bl
PEAT T I A TE L | 15:00 — 17:00 kB P Y FH RE il
ARTRET 431 %, M 30 T 1 RGELBHR LA
XFELUNER 1 s .

F1 BRHBHTHEFET L
Table 1 Economic comparison under disturbance of

electricity price

SCEHAL AR SRR AR 15:00— 17:00

78 - .
s B /o8 BB A / 76
2 RSB
FRUEZIRS % 475369 71203
15:00— 17:00 W} B sz ik
A% 2 60 % i3 460323 68137

SEI P S I T A9 58 B8R sh A Ak R i 26
HnpF 5% B 1K B4 iR .

5 it

ASCER XS el XY TES , g vy, T HAE TR FE Hop e
BT T i B R B A A & D is AT AL 1%
BRI EAT LU R - OIS A EAE N S8R
& DL AR R 2UAE H T H PRI SEHE 3h B B 4
BT AT 5615, 58 BT 22 A AL
AT X4 s Q E M BT M Bt % e T &
AT 37 K GAR g REAILYE I s 52, f e T H Rl
T e F i B AR )5 B3 A MPC VL SE a1 T
M BeR shilifb , 285 % 18 T H a4 sy P4 AL AN ey i

PEAC RPN R] , S e DR LG A ] 1 B AN e [
B BAS SRR AR SO iR R B T
Yy 8E T bl X Y TES B S AL & iz fr i Ay, m]
DL Gy ik o 6 B0 A 7 T s AT AR, S T
D BB A L Br, & IES 2 5 H SR T 411
—FhE AT s k. BT, AR SO SE IR 28
T BRI, AR TG — 245 B SEPRis 1 T AU
U LA 0 3 0 P - e
P s LA M 25 8% (http : / www.epae.cn)
5% 0k

[1] EREEMSEZ RS ERAERR. f RIS S) HA )
(%7 47)[EB / OL]. (2017-05-26) [2021-04-24]. https: //www.
ndre. gov. en / xwdt / ztzl / jdstjjqych / zces /201705 / 120170526
1028584 .html.

[ 2] ERERMBEZNS HRREER . CTHRE TS
7 Pk S TAERYE %0 [EB / OL]. (2017-09-05) [2021-04-24].
http: //www.nea.gov.cn / 2017-09 / 05 / ¢_136585412.htm.

[3] WRERMREZ &, FHREER. SCFRAR RN
AL S TAERE WWEB / OL]. (2019-07-31)[2021-04-24].
https: /www.ndrc.gov.cn /xxgk /zcth / ghxwj /201908 /120190807 _

960970.html.

[ 4] HRoktE sk, T—, %, gt FIREE B i
BB S SRR R ST . R E AL T AR 24 4], 2020,40(10) ¢
3172-3186.

SONG Yonghua,BAO Minglei, DING Yi,et al. Review of Chi-
nese electricity spot market key issues and its suggestions
under the new round of Chinese power system reform[J]. Pro-
ceedings of the CSEE,2020,40(10):3172-3186.

(5] BOREA, B/FRER, . KIZARER R4 T RS
(3], WA RGEAFHE,2015,39(7) :198-207.
JIA Hongjie, WANG Dan,XU Xiandong, et al. Research on
some key problems related to integrated energy systems[]].
Automation of Electric Power Systems,2015,39(7):198-207.

[ 6] LI Yunwei, FARZAM N. Overview of control, integration and

energy management of micmgrids[ﬂ. Journal of Modern Power

Systems and Clean Energy,2014,2(3):212-222.

BAEE ZER, fR s, 4 . SR TR ] ROBE i X 255 RE IR R 48

BEHLIRILT ). Wy A 3h ki ,2020,40(3) :62-67.

ZHAO Jin, YONG Jing, HUAN Jiajia, et al. Stochastic plan-

ning of park-level integrated energy system based on long

[—

[7

time-scale[J]. Electric Power Automation Equipment,2020,40
(3):62-67.
[ 8] EEESR, Tk, K5, 45 T BORHRE PN XA iR R 5E
HATZ B4R IRBELT]. MR, 2018,42(11) : 3496-3506.
WANG Jinran, WEI Zhinong,ZHANG Yong,et al. Multi-objec-
tive optional day-ahead dispatching for regional integrated
energy system considering uncertainty[J]. Power System Tech-
nology,2018,42(11 ) :3496-3506.
WKL, 2 AN 5 2 RIS PR 75 R R ;- e L TR RE
T2 Z RE IR I X H AT 2 5F I BE D). Wy B el
2019,39(8):261-268.

LIU Tianqi,LU Jun,HE Chuan,et al. Day-ahead economic dis-

—
N
[a—

patch of multi-energy parks considering integrated thermo-
electric demand response and high penetration of renewable
energy[ﬂ. Electric Power Automation Equipment,2019,39(8):
261-268.

[10] SFEmeil  MRReEE, FAGE 45 . el W Riealk 2 i ] ) B e b 3
BERILT]. mITRSEA 1K, 2016,40(9) :48-55.
DOU Xiaobo,XU Minhui, DONG Jianda,et al. Multi-time scale



FEoH TR R BBTTA IR T I R ZE S RE IR R S 2 B BUik & I fkistr ®

based improved energy management model for microgrid[J]. BT A, 2018,12(12) :42-48.
Automation of Electric Power Systems,2016,40(9):48-55. MA Hui, CHEN Yuguo, CHEN Ye, et al. Mechanism design

(1] Eptile, BE%t, 22m5, 45 . [m X AER SRR R G 2 [a] R of Southern China(starting from Guangdong Province) electric
FmEAL R[], TP EBL T A% ,2019,39(23) :6791-6803. spot market[J]. Southern Power System Technology, 2018, 12
WANG Chengshan,LU Chaoxian, LI Peng,et al. Multiple time- (12):42-48.
scale optimal scheduling of community integrated energy sys- (18] MRAMP, il R X MG, 45 . TR HL TR 22 14 2 A OB R
tem based on model predictive control[J]. Proceedings of the BLI A e R ge A e ()], P HHL T RR %40, 2013, 33
CSEE,2019,39(23) :6791-6803. (4):25-33.

[12] Jaifs, B, Whom, 5 . Zi & ReIR R GR A R R E s 7k LIN Shaobo,HAN Minxiao,ZHAO Guopeng,et al. Capacity al-
[J]. A sh ki e,2019,39(8):203-213. location of energy storage in distributed photovoltaic power
GU Wei, LU Shuai, YAO Shuai, et al. Hybrid time-scale ope- system based on stochastic prediction error power system
ration optimization of integrated energy system[]J]. Electric Po- based on stochastic prediction error[J]. Proceedings of the
wer Automation Equipment,2019,39(8):203-213. CSEE,2013,33(4) :25-33.

[13] YANG H,LI M,JIANG Z,et al. Multi-time scale optimal [19] SEREE , DT, AL, 55 . JE T WO AR AR TR0 42 ] 1 1 s I i
scheduling of regional integrated energy systems considering HE RN ]. B RS HBME,2017,41(22) :56-65.
integrated demand response[J]. Desalination,2021,517:113-124. DOU Xiaobo, XIAO Yu, YUAN Xiaodong, et al. Energy ma-

[14] SRR 10 7 45 3 Ko K304 Ta) e 2 40 XU RSB nagement strategy based on improved model predictive con-
EVER R -SSR ARG Harti kM= [T]. B Ak trol for microgrid[J]. Automation of Electric Power Systems,
#,2019,39(8) :246-253. 2017,41(22):56-65.

WU Gang, LIU Junyong, XIANG Yue, et al. Day-ahead opti-
mal scheduling of integrated electricity and natural gas sys- 1EE®ENY:
tem with medium- and long-term electricity contract decomposi- T £0979—),F,xhrdmwA S

tion and wind power uncertainties[J]. Electric Power Automa-
tion Equipment,2019,39(8):246-253.

C15] s AR, A, 2 . & o0 s BRI 3 S 7er A 5 1R A )
LAY ). IR GE A 31k, 2017,41(14) :37-44.
GU Wei,REN Jiayi, GAO Jun,et al. Optimal dispatching mo-

del of electricity retailers considering distributed generator

BIAIF LR L, TR H &A%
WA FECE WEATIER EARR AR
BATH R AR Bk R s Had
1% % % (E-mail : quan-ding@sac-china.com) ;

FEwE(1979—), B, 2 hdw A, K
R LR EFIF, ZXHRH QAL T

and adjustable load[]J]. Automation of Electric Power Systems,

2017,41(14):37-44. T % X R (BB A ) RALIEH) ol M B 47450 )5
[16] s, PRI, TR0, 5 . 5 IRV e A 25 Be s IR 55 1 g 7 BB AL HTALR ik ik & e b B (E-mail -

P e ems (7). Wy B k4%, 2019,39(6) : 12-20.
WU Geng, WU Qingguo, WANG Haojing, et al. Energy pur-

chasing strategy of multi-energy service provider considering

dxb_2001@sina.com);
BB (1973—), 5,2 A sl A, R TR, ML, £
BRI G A BN R AR S dah) R AT

risk aversion[J]. Electric Power Automation Equipment, 2019,

39(6) : 12-20. #) (E-mail : guoming-qian@sac-china.com) .
[17] Thie BRRISE W, % 7 (LU AR ) ) BB 7 L (4%E F5)

Multi-stage joint optimal operation of park-level IES in electricity spot market
DING Quan'?,DOU Xiaobo',QIAN Guoming’, HUANG Chao*, CHEN Xiaoyu®,LI Peng’
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;
2. Guodian Nanjing Automation Co.,Ltd.,Nanjing 210032, China)

Abstract: According to the latest domestic electricity spot market rules,the model of a park-level IES(Inte-
grated Energy System) that participates in the electricity market is proposed. In this model, the multi-time
scale and multi-step progressive optimization is employed, based on which a three-stage joint optimization
economic operation model including day-ahead, intraday and real-time stages is developed. Specifically, in
the day-ahead and intraday stages,a stochastic optimization model with probability constraints is adopted to
address uncertainty of photovoltaic production and load. As a result,a linear programming model is developed
to solve the optimal power demand bidding, together with the 24-hour power production curve of the day-
ahead market. In the real-time stage, the model predictive control algorithm is applied to construct the
method of rolling tracking prediction and correction feedback of power and price information,so as to realize
the synchronous rolling optimization with the real-time market. Numerical results show that the proposed
three-stage optimization economic operation model enables park users to actively track the price fluctuation
of spot electricity market,and effectively improve their profits by reducing the comprehensive energy consump-
tion cost.

Key words:electricity spot market;integrated energy system;economic optimization strategy;model predictive

control;rolling optimization
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Table B1 Parameters of simulation system

PO Syt ZH AEIEN
WA 25 MW
Htk ek 01 R 2 0.9
UL E I 0.85
WENE 20%2 MW
CHP HL41 TR 0.324
AR 0.4
WA 20 MW
.
i IR AR 0.95
WA 50 MW+h
TN R E 100 kwW/4
1 EE B ST HE 500 kW eh/4H.
SOC HUfE yulHl 0.1~0.9
70T PR A 0.25 Jt/(KW+h)
RS W 2.8 j5/m®
RS R
SRAEH RARA A 9.92 KW+h/m®
A, LR 0.40 75
LTI R RS SO VR 22 100%
VIR TE7 B .
WA A B T e 2 +20%
i 2 & HELAE T A0 % 0.02 75
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Fig.B3 Optimization results of real-time rolling stage(under normal disturbance)
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