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Fig.1 Operation mode of power station with integrated
wind power and energy storage
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Table 1 Scheduling results of variety of indices
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Table 2 Scheduling results with different
forecasting wind power
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Fig.2 Residual capacity of battery energy storage and
abandoned air volume of wind power station each
time in three scenarios
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Table 3 Comparison of risk scheduling results between
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Fig.3 Wind power and power of wind power station
by two kinds of operation mode with integrated
wind power and energy storage
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Fig.4 Scheduling results under different risk levels

AR SCHE T L 1t i BE 2R S8 AXUBILIE A7 KU A A 4
T R — AT H i B fR ) R G AU A L A ST
T BB ARG K AL ERE 1 AU A0 3 XU 19 11
A BEAERL T 22 H A 4 4k B 7 SR e ik 3 A
BB 0 i 7 R AR XU, B[R] I L 42 08 1 R T2 B A

http://www.aeps-info.com 99



2018, 42(5)

R TR

IRt — 1 Ak d A7 A X S DXL R 3ty 9 XU A ) T
A T A RERE TN AN T 3 22 KU L 2D 1
AR o L JXU IS % 15 5 IR T s M B 3 1 4 BR 114 344
TR 2 B el 28 GE ARG, 5 389 AR 280 v JRU: B L 8 0 XL
FEL M) FH S5 AR 47 FEL T ) I 0 e 2 Dl 2D R G AU
TE VA BE A2 A7 Hh 42 T 25 8 T MUBILRI A B i e 2 28 FAS
FIREVE S RGN OR Bas A7 MU W T R4 % 4xia
1T A T Z A

A SO B S5 I o 7 A X K 22 BE R AR 4 B XL
WF5E M AT Bk . T 5 S5 POl 4R 22 Jin AT P g
TR RE B A S L WIF S IO A — AR A A XU, 9 2

M AR Fl W 4% i Chttp://www. aeps-info.

com/aeps/ch/index.aspx)

& & T

(1] 22/, RN, SC2h 5% A 18 B A 78 fife e K R ASE XL Bl OF I )
o TR SR A A L) ] A D R4 H 84k, 2013,37(1) : 14-18.
YUAN Xiaoming, CHENG Shijie, WEN Jinyu, et al. Prospects
analysis of energy storage application in grid integration of large-
scale wind power[ ]J]. Automation of Electric Power Systems,
2013, 37(1): 14-18.

(2] hEGHREM. T ¥ & A7 2017 4F 8 XU I & g1 J7 523 A1 [ EB/
OL]. [ 2017-06-22 ]. http://www. escn. com. cn/news/show-
433651.html.

(3] ik, w141, P B3 L 46 2% d s ) AH G Mk 19 XU 2R 48 2 48 5 13 3

Ptk sems (1] /e F1 R 58 A 34k, 2015, 39(2) : 6-12.DOI: 10.7500/
AEPS20140922004.
LU Qiuyu, HU Wei, MIN Yong, et al. A multi-pattern
coordinated optimization strategy of wind power and energy
storage system considering temporal dependence [ ] J.
Automation of Electric Power Systems, 2015, 39(2). 6-12.
DOI: 10.7500/AEPS20140922004.

(4] SRR R A Bk ME 55 B b ik BB 3R 40 18 i3 O I XU HR 37 1 g
JoE Ak VAR P v B L] LB R 2006, 30(15) :54-58.
ZHANG Buhan, ZENG Jie, MAO Chengxiong, et al.
Improvement of power quality and stability of wind farms
connected to power grid by battery energy storage systeml[]].
Power System Technology, 2006, 30(15): 54-58.

[5] J™T 5%, M98, BRI R e RGEDTFe R e L) . ki ie B %
5$iAK.2014,3(4):297-301.

YAN Gangui, FENG Shuang, LI Junhui. Review on combined
wind power generation and energy storage systems[ ] ]. Energy
Storage Science and Technology, 2014, 3(4): 297-301.

L6 H5 5 vk R I A% fie B8 b F 47 W) e 8 1) 2 48 45 25 B T I
[D].dbat. i Jy k2, 2015,

[7] 5E . 7% Bt 2 R =038 47 09 KUK R e 36 & Db (D] b
AL IR 2, 2016.

[8] Z=3Cyi. i J1 Z G2 KUK AT At A5 80  Jy  n  JHT [ML]. b e« Bk o 1y
Ji At , 2006 225-227.

[91 HUANG Y, HU W, MIN Y, et al. Risk-constrained

coordinative dispatching for battery energy storage systems of

100

- BB BERERN RS -

wind farms[ C]// IEEE PES Asia-Pacific Power and Energy
Engineering Conference, March 24-27, 2013, Beijing, China:
6p.

[10] ZHANG Yongxi,» LUO Fengji. MENG Ke, et al. Risk
constrained battery energy storage planning in active
distribution networks[ C]// IEEE International Conference on
Power System Technology. September 26-October 1, 2016,
Wollongong, Australia: 6p.

[11] BAHRAMIRAD S, REDER W, KHODAEI A. Reliability-
constrained optimal sizing of energy storage system in a
microgrid[ J]. IEEE Transactions on Smart Grid, 2012, 3(4):
2056-2062.

[12] m2ry, xR 5, BRE . 55 7% 1 Uk — 1R 1 22 37 5 7 B Bl

BE SRR ]88 ) F B Ak 4 . 201434 (1) :135-140.
GAO Hongjun, LIU Junyong, WEI Zhenbo, et al. Multi-
scenario two-stage dispatch decision-making model for wind
farm with integrated energy storage [ J ]. Electric Power
Automation Equipment, 2014, 34(1). 135-140.

(130 ¥R X SCER L skt A 35 FL b A 1 XL PR 3% 199 A, T 3R 0 UG, 7 Al

[0 H P4 AR ,2014,38(8) : 2087-2094.
JIANG Cheng, LIU Wenxia, ZHANG Jianhua. Risk
assessment for power system with wind farm and battery
energy storage[ ] |. Power System Technology, 2014, 38(8):
2087-2094.

[14] SCR 0 VL5 IR 2 B B o A1 A JXU RS 78] B2 A5 0 R B0 vk T 5
CIJ. b B e BT P2 42, 2014, 34(1) 1 153-160.

WEN Yunfeng, JIANG Yufei, SHEN Ce. Research on the
model and algorithm of multistage coordinated risk-based
dispatch[ J]. Proceedings of the CSEE, 2014, 34(1): 153-160.

[15] & B, B4, thd, 3 T 0L 2 2900 H bR #LR0 Y = UL A

Lo BT RFRAS A% BE 55 ok f b 9 9 B T ] ob B R ML TR A 4R
2016,36(4):969-977.
ZHAO Shugiang, WANG Yang, XU Yan, et al. Coordinated
dispatch of large scale energy storage system and thermal
generation in high wind power penetration level system based
on chance constrained goal programming[ ] ]. Proceedings of the
CSEE, 2016, 36(4): 969-977.

[16] ERE . R, RER, F. ERBERRNENE N REL S

it GE VIRt iz 17 [T 1. i J3 R 48 A 3l fk. 2016, 40 (7) : 30-35.
DOI1:10.7500/ AEPS20150906011.
LOU Suhua, YANG Tianmeng, WU Yaowu, et al.
Coordinated optimal operation of hybrid energy storage in
power system accommodated high penetration of wind power
[J]. Automation of Electric Power Systems, 2016, 40(7):
30-35. DOI: 10.7500/AEPS20150906011.

C177 I, R 0, 55 000 B, 45 2% v o0 18] 06 1 T3 BRE ol 7y XU £ 6

BRGMARLE G AT Ik [T MR, 2015,39 (10)
2731-2738.
XU Guodong, CHENG Haozhong, MA Zeliang, et al. A
method to evaluate probabilistic comprehensive benefits of joint
wind power and storage system considering constraints of peak
load regulation capacity[ J]. Power System Technology. 2015,
39(10) . 2731-2738.

(18] e, £ 550, 2 52, 55, KU fiff BE TR & 28 9 (9 56 5 ) 3 62 70 I
SRARLT]. A AL LT AR 244, 2013,33(13) : 10-17.



WU Xiong, WANG Xiuli, LI Jun, et al. A joint operation
model and solution for hybrid wind energy storage systems[]]
Proceedings of the CSEE, 2013, 33(13): 10-17.

(197 ZEBRVL, 957, Ph e i, 55 KA — 1A f Hi i 25 & U2 1 16 4L R

B[] B R R . 2015,41(10) : 3204-3212.
YUAN Tiejiang, JIANG Ping., SUN Yigian, et al. Research on
bi-level capacity programming optimization for the integration
of wind farm energy storage power station[ J]. High Voltage
Engineering., 2015, 41(10): 3204-3212.

[20] #Rarse WAl — R fL R G0 B 5 0 LD, & & R 5% . B ik
2#,2015.

[21] W6 HE, EME, kB, 5B M E G666 2 B AL AL BT & J7 1%

LAt b5 (1], ML 00 & 48 A 34k, 2014, 38 (8): 7-14. DOL:
10.7500/ AEPS20130719005.
TAN Xingguo, WANG Hui, ZHANG Li, et al. Multi-
objective optimization of hybrid energy storage and assessment
indices in microgrid [ J ]. Automation of Electric Power
Systems, 2014, 38(8): 7-14. DOI: 10.7500/
AEPS20130719005.

[22] 9572, sk A X IE 45 1 s 47 40 i KU HL AL 2 45 32 A 2
U1 RGP 516, 2013.41(24) : 112-116.

JIANG Cheng, ZHANG Jianhua, LIU Xianzheng, et al. Wind
turbine outage model based on operation conditions[ J]. Power
System Protection and Control, 2013, 41(24). 112-116.

[23] JA . & K S 1 H ) 2 40 ) 25 4 U V81 2 1) R 98 [ DL K 3%
KB T2, 2010,

[247 phege v, 85 BROFH L 5 T . FL Hb K 8 2R 490 PT 4 1 A A0 % L X i v
RO REAE R )] ) R 5. 2013, 4119)
95-102.
ZHONG Yufeng, HUANG Minxiang, QIANG Dingjian.
Reliability modeling of battery energy storage system and its
effect on the reliability of distribution system [ J]. Power
System Protection and Control, 2013, 41(19) . 95-102.

[25] DENSON W. Handbook of 217 plus reliability prediction

ML A AU — R L L T R B R U B A A

models [ M ]. Utica, NY. USA: Reliability Information
Analysis Center, 2006.

(267 22304, & MLt 2% 20 BE 5 23 B [T ). il L8R . 2007, 27(5) ¢
321-324.

LAN Hanjin. Analysis on the invalidation probability of the
storage battery[ J]. Marine Electric & Electronic Technology,
2007, 27(5): 321-324.

[27] CAO B, LIU W, WANG R, et al. A generation and load
integrated scheduling method considering grid operation risk
[C]1// 2015 IEEE 3rd International Conference on Computer,
Communication, Control and Information Technology (C31T),
2015: 12p.

(287 =0, o B, 7RO 6 T HL b it B AR e gl 25 08 2 1 Bl el T
% HAris e [T/ J1 B Sk B 45,2014, 34(6) : 114-121.
ZHONG Yufeng, HUANG Minxiang, YE Chengjin. Multi-
objective optimization of microgrid operation based on dynamic
dispatch of battery energy storage system[]]. Electric Power
Automation Equipment, 2014, 34(6) . 114-121.

[29] OMAR N, MONEM M A, FIROUZ Y. et al. Lithium iron
phosphate based battery—assessment of the aging parameters
and development of cycle life model[ J]. Applied Energy. 2014,
113(1): 1575-1585.

o oAEA964—) K HIR AT LR S G
W RGO FTRRR IR AR DFACTS £ 5 2% P o)

A E(1992—) . B AL MEMRAE, TRHR
F e RGRA E A iE AT e, E-mail: 438431623@
qq.com

¥ 3L (1966
A2 B AT

VR BARIEM.EEMA TR LD

(/E =20

Multi-objective Risk Scheduling Model of Power System Containing Power Station with
Integrated Wind Power and Energy Storage

SUN Hui', LIU Xin', BEN Chi®, YU Jianming®, HU Shubo', ZHOU Wei'
(1. School of Electrical Engineering, Dalian University of Technology, Dalian 116024, China;
2. Northeast China Grid Co. Ltd., Shengyang 110180, China;
3. NARI Group Corporation (State Grid Electric Power Research Institute) (Beijing), Beijing 100192, China)

Abstract: The integrated operation of wind power and energy storages is the development trend of wind power station.
Compared with the energy storage and wind power separately dispatched by the system, the utilization ratio of wind power is
improved through the integration of wind farms and energy storages. Based on the operation characteristics of battery energy
storage system and the failure mechanism of wind power generators of the integrated station, the loss of load and wind
abandoning risk indicators of the integrated operation of wind power and energy storage are built up. A multi-objective
optimization dispatch model with the minimum coal consumption of thermal power unit, minimum risk and minimum wind
curtailment capacity is proposed. The contradiction in the operation of power system is solved among the risk and coal
consumption and wind consumption capacity. The computation example verifies that the model improves the economic
efficiency and wind power utilization clearly in the operation of the power system after integration, even though the risk

increases a little compared with the traditional unified operation of wind power and energy storage.

Key words: wind power generation; risk; optimal dispatch; battery energy storage; multi-objective
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