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Two-Stage Optimal Schedule of Offshore Wind-Power-Integrated
Multi-Microgrid Considering Uncertain Power of
Sources and Loads
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Abstract: Considering the high-randomness and the low-economic-benefit characteristics of the offshore

wind-power-integrated multi-microgrid, a two-stage optimal scheduling method considering the uncertain

power of source and load is proposed to improve the operation profits of offshore wind-power-integrated

multi-microgrid. The proposed two-stage optimal scheduling method consists of a day-ahead stage and an

hour-ahead stage. In the day-ahead stage, the proposed method is based on the forecast data of the wind

power and the load demand, which considers the distribution characteristics of the prediction errors. A

stochastic optimization model is established to determine the unit committee of the diesel generators and

the state-of-charge of the battery storages, so as to maximize the expected daily operation income. A

deterministic optimization model is established based on the decisions from the day-ahead optimization
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relying on the hour-ahead forecast data of the wind power output and load demand. By optimizing the

power of the diesel generators, wind turbines and battery energy storages, the operation income of each

hour is maximized. Finally, a simulation model is established to verify the proposed method based on the

prediction data of sources and loads in wind-power-integrated multi-microgrid. The simulation results show

that compared with the conventional schedule strategies. the proposed two-stage optimal scheduling

method can achieve a higher income and a higher overall consumption rate of the wind power.

Key words: offshore wind-power-integrated multi-microgrid; two-stage optimal scheduling; stochastic

optimization; unit committee; battery energy storage
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Fig. 2 Two-stage optimal scheduling method
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Tab.1 Parameters of diesel generator
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PPG_min /oW 40
PPG_max /W 100
RPG.max / (kW « h) 80
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aPt? 7.26X10°°
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Tab.2 Limits for tie-line power
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Tab.3 Parameters for battery energy storage
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Tab. 4 Prediction error for wind and load power %
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Tab.5 Energy interaction between microgrids
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Tab. 6 Comparison of optimization results

7 1k BT R /o0 KT AR R (E/
e 535. 74 53. 34
H Tl E 1Al 829.33 97. 05
i A 3 &L 799. 40 98.38
W B B A 873. 44 99. 28

ARV B 3 R B0 2 U0 A R BE O VA A L B 4R T
W B i Ak 7 B AT 4 55 63, 03%.5.32% & 9. 26 % (1
W s B L JF B 45. 94 %0.2. 30 % B2 0. 90 %0 iy R
HLTH 94 R I R

5 %it

AR SCAR H 9 1 XCH 22 B 0 1 B B O JRE T vk A
H IR B 32 07 1 AR Al i 000 K 0 L e A BE AL O
A« ) R 3 R AL AL 2 ) R R i B T IR
SME R A E A7 A B S0 B AL A I iR B T
T MR A0 i 00 50 o) R Tk A B AL X R AL
IR B i BE B D R AR A B HERL b ARSE 5 W R b
JRCHRL 22 ) 28 8 % i 488 J7 3k 54T B IE. T B R4
LA BILIT 4518

(D SAEL AL I8 & 75 36 A Ee B $2 07 i m] LA
e HL A B B R O 22 1 WL RE R A 2 0 TR AR HL A
B Bt A T2 H o Wi AR 22 (0 L REL TRLIEE L BT AR T I
P 1 WA R ME. [RI L BT $ J7 vk n] LAAE XURR HY g
IR T AT 75 SR 2 R 22 WA RE 0 I 3 e i RE T A
22 AR R Y 7 DT AR ARG 57 XL 28 B g XL R T O
F A AT A R

(2) 5 H i % Y0 A 98 B 7 kA L, i 38
B Be LA 77 7% 181 XU R H g R A D) R A AN A
P DA 2 B A 32 A7 WAL A A KU J 40 6.

(3) L5 Aif 2l 25 08 A6 I JBE J5 3 AR L . B 52 7 B
B A 7 5 A HA B B 18 1 R L o IR A
JRCHRL 5 T 55 G A S O B P R SE T AL L TR RE
i e i A7 W ALK T AN R

AR 3C 2 BB TN R 2 A5 G i i o3 A 45T 4 7B
JRCERL 22 (R 9 R T R AT A9 5L 6 T T AR 2 AT
o H AL R F 1) R, B B A R BEAG AL I BE T iR K
SR . AELE X EL A R i 5 45 S EL A R AT
EHES DD

SE -

L1] XISEEE, ERWE. B, % R TR ae skl
RGN IR L REBEART]. FEBHNIREZER,

[2]

L3]

[4]

[5]

L6]

L7]

2019, 39(12) . 3578-3587.

LIU Jizhen. WANG Qinghua. FANG Fang. et al.
Data-driven-based application architecture and tech-
nologies of smart power generation[ ]J]. Proceedings of
the CSEE, 2019, 39(12). 3578-3587.

B AR, #H4ER, E, 55 FaeiR s I Re P4
ARG A EN]. EEREREER. 2021,
55(12): 1520-1531.

LIAO Qishu, HU Weihao, CAO Di, et al. Distribu-
ted photovoltaic net load forecasting in new energy
power systems [ J]. Journal of Shanghai Jiao Tong
University, 2021, 55(12) . 1520-1531.

X, BRI, R, SO X ST R E G
ek R E[]] pE IR, 2021, 23
(1) 149-159.

LIU Jizhen, MA Lifei, WANG Qinghua, et al. Off-
shore wind power supports China’s energy transition
[J]. Strategic Study of CAE, 2021, 23(1): 149-159.
XU Z, ZHANG C. Case study: Dynamic perform-
ance of a MTDC network in Zhoushan City[]J]. Ener-
gy Procedia, 2016, 88. 341-348.

RGCER, SRR AN A o O XU T A e
T AT AR )] Bl 5 R, 2021, 58(7):
130-135.

SONG Jinghui, HU Chunchao. Feasibility study on
improving the wind power consumption ability of mi-
cro-grid using small pumped storage[J]. Electrical
Measurement & Instrumentation, 2021, 58(7). 130-
135.

ZER, Tk, AR XU I AN 0 IR 5 S 0 A
BT WHRBMEXRZZ2R(BABEM, 2021, 40
(4): 118-126.

LI Yujun, YU Yongjin. Source-load joint optimiza-
tion scheduling for promoting wind power accommo-
dation[J]. Journal of Shandong University of Science
and Technology (Natural Science), 2021, 40(4). 118-
126.

A0, XSCHL, SRR, G BEREHP S 52N
B A TR A AR R ik ], kB KREZER
(BARZER . 2021, 48(4): 31-39.

LI Xiao, LIU Wenying, ZHU Liping, et al. Source-
load optimization control method for thermal storage
boiler participating in blocked wind power consump-
tion[ J ]. Journal of North China Electric Power Uni-
versity (Natural Science Edition), 2021, 48(4). 31-
39.

R, XA, X5, F ETAREFBRRMK
MERBHAEE]] BAREREBIHLER,
2022, 34(2) . 108-115.



WANG Tao., GAO Jing, WANG Youyin, et al.
Wind power prediction based on improved empirical

mode decomposition and support vector machine[ ] ].

1316 E B X B X F F R 556 %
CUI Liyao, LIU Huaidong, LIU Hao, er al. lLarge- Electrical Measurement & Instrumentation, 2021, 58
scale wind power accommodation mode of power grid (6): 49-54.
based on hydrogen energy economy[J]. Proceedings [15] ®HEm, TRE, FYl. T VMD f1 GP %% 11 X
of the CSU-EPSA, 2022, 34(2) . 108-115. RIREAA XA ST, B 58k, 2020, 57
COT B, JIER XVMEd, 5. 5T G- o 7 i #hok (1) 84-88.
BrRmENBENEwl]] BhEEREAHLE TU Zhifu, DING Jianyong, ZHOU Kai. Confidence
., 2019, 31(12). 22-27. interval prediction of short-term wind power based on
ZHONG Hao, ZHOU Zhengwei, LIU Haitao, et al. VMD and GP[]J]. Electrical Measurement & Instru-
Wind power consumption strategy for combined heat mentation., 2020, 57(1). 84-88.
and power system based on power load-electricity [16] MELLO P E, LU N, MAKAROV Y. An optimized
price[ J]. Proceedings of the CSU-EPSA. 2019, 31 autoregressive forecast error generator for wind and
(12): 22-27. load uncertainty study[J]. Wind Energy, 2011, 14
L10] @AFFH . XBKur, ZEM, & B LB 5EFEKE (8): 967-976.
s AT 2 R A Tk L] KIRKZFZEH [17] XU Y, DONG Z Y, ZHANG R, et al. Multi-times-
(ITZER), 2021(4): 361-368. cale coordinated voltage/var control of high renew-
WU Heyue, DENG Changhong, LI Dinglin, etal. A able-penetrated distribution systems[J]. IEEE Trans-
multi-time scale optimal dispatching method for com- actions on Power Systems, 2017, 32(6): 4398-4408.
bined operation of offshore wind power and seawater [18] T WHEABEX AR EE G L. TR ABX
pumped storage [ ]J]. Engineering Journal of Wuhan WA 43I B M 5 % G A7) [EB/OL]. (2021-05-07)
University, 2021(4) . 361-368. [2021-11-20]. https: // shoudian. bjx. com. cn/html/
[11] QIU Z H., ZHANG W, QIU X Z, et al. Wind farm 20210507/1151226. shtml.
and battery energy storage system cooperation bid- Development and Reform Commission of Guangxi
ding optimization[ C] // 2020 International Conference Zhuang Autonomous Region. Guangxi Zhuang Au-
on Smart Grids and Energy Systems. Perth, Australia: tonomous Region peak and valley time-of-use electric-
IEEE., 2020. 778-782. ity price scheme (to try out) [EB/OL]. (2021-05-
[12] MOGHADDAM I N, CHOWDHURY B, DOOST- 07)[2021-11-20]. https: // shoudian. bjx. com. cn/ht-
AN M. Optimal sizing and operation of battery ener- ml/20210507/1151226. shtml.
gy storage systems connected to wind farms partici- [19] HEIN K, XU Y, WILSON G, et al. Coordinated
pating in electricity markets[ J]. IEEE Transactions optimal voyage planning and energy management of
on Sustainable Energy, 2019, 10(3). 1184-1193. all-electric ship with hybrid energy storage system
[13] E&. BEL, ki, & RTEFLHEBLSEH [J]. IEEE Transactions on Power Systems, 2021, 36
M R 2 A KR BB B [T ], EBRBREE (3): 2355-2365.
., 2021, 55(9): 1080-1086. [20] XUQW, ZHAOTY, XUY, etal. A distributed
WANG Yan, CHEN Yaoran, HAN Zhaolong. et al. and robust energy management system for networked
Short-term wind speed forecasting model based on hybrid AC/DC microgrids[J]. IEEE Transactions on
mutual information and recursive neural network[ J]. Smart Grid, 2020, 11(4): 3496-3508.
Journal of Shanghai Jiao Tong University, 2021, 55 [21] LOFBERG J. YALMIP: A toolbox for modeling and
(9): 1080-1086. optimization in MATLAB[ C] // 2004 IEEE Interna-
[14] Ei, @y, EO0RL, & BT U Z BB tional Conference on Robotics and Automation. Tai-
SCRPI ML KR S R BT 7 (1], s 8k, wan, China, USA: IEEE, 2004; 284-289.
2021, 58(6);: 49-54. [22] BIXBY B. The gurobi optimizer[ J]. Transportation

Research Part B, 2007, 41(2): 159-178.
(RS 5 Rme )



