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Day-ahead flexible rolling optimization dispatch of virtual power plant based on
multi-wind forecasting results
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Abstract: With the increasing proportion of distributed renewable energy access to the power grid, the intermittent and
stochastic output of power system has brought a series of negative effects on the safety, stability and economic operation, and
the Virtual Power Plant (VPP) provides a new way for the reliable interconnection of distributed renewable energy sources.
Aiming at the uncertainty and prediction error of the output of the stroke generator in the VPP, this paper considers that
several wind power forecasting service providers provide a number of air power output prediction scenarios based on
different forecasting methods, and the virtual plant sets the optimal scheduling plan for each scene with the goal of
minimizing the expected operating cost. In response to random fluctuations in wind conditions, the current time slot of a VPP
considers the planned adjustment costs under all wind power output scenarios in the next period. Aiming at the minimum
total cost of expected operation, the flexible optimal scheduling model of VPP based on multi-wind energy prediction results
is constructed, and the rolling scheduling strategy of the output plan of intraday VPP is designed. Through numerical
simulation, the running cost of VPP under different prediction scenarios is compared and analyzed, and the feasibility and
effectiveness of the proposed model are verified.
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Fig. 2 Framework of flexible optimal scheduling
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Table 3 Parameters of units
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Fig. 6 Load demand of VPP system
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g . , PR VPP i
WRIEATIR R VPP B R
A A—>A 486 395.67
A—>B 498 577.25 489 098.11
A—C 482321.42
B B—>A 488 866.31
B—B 491 413.89 488 769.42
B—C 486 028.07
C C—>A 492 352.79
C—>B 489 033.74 488 346.54
C—>C 483 653.11

* 5 BTEE(0:00—6:00) BB REK
Table 5 Flexible scheduling decision during 0:00—6:00
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C>B >4 44269.51
C C—>B 5B 41362.39 43 693.23
Co>B —»C 45 44781
CoC A 44 993.71
C—>C 5B 43 573.07 45011.98
CoC—>C 46 469.17
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Table 6 Flexible scheduling decision during 6:00—12:00
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Rt AR

B—>A">A 101 873.11
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B »>B" > A" 97 532.81

B B' B’ B 91172.07 94 674.52
B 5B (" 95318.67
B 5>C" A" 96 753.79
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B 5C' (" 94 818.74

5.2 AREITXIT VPP Z{THA bLES
TSI B T ) XU H ) SRR B SR, 45

F| VPP —K 24 h WisAri 2. B 94t 1R
24 1 PYA I BOR Y R SRS 7557 R A8 AT VR AN % 1&
Z M N IZRIEIZ AT VRN VPP A . KL 9
ATLAE H, AEA N B, SREIZAT oK L A
Yot FIsAT AR, {0 VPP {ETHIE I 24 h NI
BIBAT A EAR. AL, VPP IRBNFNEAE L2 K
RETIIN AT S (AN [T 45 RO it Zri5 %08 T
ENGIE775 =S e Wi vl UV k98 % N DR R R =R
WREEI RN, P MRETRIRAI AL, LUK VPP
RGisirasit.

6

5

1] !
3
ol HLR I[LI |
CA0—6:00 G00—T12:00 12:00—18:00 18:00—24:00 0;00—24:00
B
9 BITHA LR
Fig. 9 Operation cost comparison
6 ZHit

EEX R L UHLBILE LA Rl 28 S i 4 e
RIREAHL) s ASSCHEST T 2% 18 2 MURETRIN ) 5t ZR
PEOCAC I EREAY, JFBeit 7 FhEE T H T vl
RIRBNIH LT 50 SBIE R HTRIT, Prie iR
SN BE T VAR A R R TR AN e
TR ZEXS VPP RGUSAT AT IERIE M, X1 XA
HURGHE 2 228y 5 T 1) VPP 3847 3@ ] « SO
R T LU D AR B VPP HOG IR
Dy, S )R E A E MR 3R, S 2R
AN LT .

S 30k
(1] XMRIE. FE g 5 EUEIM. b5t B e g e
2012.

(2] 5K, g, SR [ 5T A AR BUR B AT
[J]. M EEEREDE, 2018, 34(10): 60-68.
ZHANG Xingping LIU Wenfeng. The evolution of
renewable energy policy in typical countries[J]. Power
System and Clean Energy, 2018, 34(10): 60-68.

(3] B3Czs, B, (45, BRIS FIBERY R AR Ak H )
WEFU]. SR HEN, 2018, 34(2): 142-148, 156
ZHAO Wenhui, LI Ruan, FU Qiang. Research on renewable

energy project planning under energy internet[J]. Power



-58 -

@A &R B R

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

System and Clean Energy, 2018, 34(2): 142-148, 156.
MR, EXUE, EYERS. & X ) RGO WA
THEL[I]. B S5 AEUR, 2018, 34(2): 167-172.

YE Chen, CUI Shuangxi, WANG Weiqing. Probabilistic
load flow calculation for power grid containing wind
power[J]. Power System and Clean Energy, 2018, 34(2):
167-172.

FHEep, Ji/hk, RE/MA, 5. BT XU A R AR
R XUH T R 28 G KB RS VA D). B RGE IR B %
iHill, 2018, 46(19): 43-50.

FU Bingbin, WAN Xiaohua, XIONG Xiaofu, et al. Risk
assessment of wind power integrated system based on
time-periodic characteristics of wind speed[J]. Power
System Protection and Control, 2018, 46(19): 43-50.
BRIFAS, RS, R, & 2T 2 AR I X R
I D BT TG ], ) R GE AR S, 2019,
47(3): 110-117.

CHEN Haojie, CHENG Haozhong, XU Guodong, et al.
Interval prediction for long-term wind power of wind
farm clusters based on cloud theory[J]. Power System
Protection and Control, 2019, 47(3): 110-117.

WA, BEL, KA, A& FET/ NS NGRS IC
W0 £ PR R R 0T XL D R NI (D). W) RS AR
4, 2018, 46(9): 55-61.

YANG Jie, HUO Zhihong, HE Yongsheng, et al.
Ultra-short-term wind power prediction based on wavelet
and minimum resource allocation network[J]. Power
System Protection and Control, 2018, 46(9): 55-61.
KUMAGALI J. Virtual power plants, real power[J]. IEEE
Spectrum, 2012, 49(3): 13-14.

PIEA, RIE, ANER, SE RIS S AR,

MRS HEME, 2013,37(13): 1-9.

WEI Zhinong, YU Shuang, SUN Guogqiang, et al.
Concept and development of virtual power plant[J].
Automation of Electric Power Systems, 2013, 37(13):
1-9.

XEER, B, b7, & MU BEERA ).
P E HLHL TR 2ER, 2014, 34(29): 5103-5111.

LIU Jizhen, LI Mingyang, FANG Fang, et al. Review on
virtual power plants[J]. Proceedings of the CSEE, 2014,
34(29): 5103-5111.

SR, VO AN E PR RS BEALOCAG
WEED]. Kb K3 1 K%, 2013.

YI Dexin. Virtual power plant stochastic optimal dispatch
considering uncertain outputs from wind generators[D].
Changsha: Changsha
Technology, 2013.
GAO Yajing, XUE Fushen, YANG Wenhai, et al.

University of Science &

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Optimal operation modes of photovoltaic-battery energy
storage system based power plants considering typical
scenarios[J]. Protection and Control of Modern Power
Systems, 2017, 2(2): 397-406. DOI: 10.1186/s41601-
017-0066-9.

BHE, R, BB, & BENAES S TIERH
I~ % Hbs G (). R S LR, 2015(2):
50-54.

LUO Jie, WU Junming, CHEN Dechao, et al. Multi-
objective optimization scheduling of virtual power plant
with electric vehicles[J]. Electric Power Science and
Engineering, 2015(2): 50-54.

SR, MR, i, S vF R sk Y e R H
J AR EERSRLT). HEIECAR, 2016, 40(6): 1666-1674.
XIA Yuhang, LIU Junyong, FENG Chao, et al. Optimal
scheduling model of virtual power plant considering
demand response[J]. Power System Technology, 2016,
40(6): 1666-1674.

TRHE, Fe47, VTR, AF. T RN E PN SR AR
JCIAEGE ORI R | BEAL I BE LAY D). HLREEA,
2017, 41(11): 3590-3597.

XU Hui, JIAO Yang, PU Lei, et al. Stochastic scheduling
optimization model for virtual power plant of integrated
wind-photovoltaic-energy storage system considering
uncertainty and demand response[J]. Power System
Technology, 2017, 41(11): 3590-3597.

I, DGR, PhEGR, &5 BN E 1 R 2R ) R A
WL SRR EARL[D]. R R4 H a1k, 2014, 38(22):
43-49.

YU Shuang, WEI Zhinong, SUN Guogqiang, et al. A
bidding model for a virtual power plant considering
uncertainties[J]. Automation of Electric Power Systems,
2014, 38(22): 43-49.

ARAPH, MR BT i SR I KOG K AU ) P
[ BEREL D). LR, 2015, 39(7): 1855-1859
ZOU Yunyang, YANG Li. Synergetic dispatch models of
a wind/PV/hydro virtual
representative scenario set[J]. Power System Technology,
2015, 39(7): 1855-1859.

Wb, WAME, BID3, AE. B RV USRS R S
2 H AR IR D]. P B LT RESAR, 2014, 34(28):
4743-4751.

HUANG Yang, HU Wei, MIN Yong, et al

Multi-objective coordinative dispatch for wind-storage

power plant based on

combined systems considering day-ahead generation
schedules[J]. Proceedings of the CSEE, 2014, 34(28):
4743-4751.

FIyRL, RKUL, =i, 4. HREHLALI AL & A



P, %

5 18 2 WRE PN St e ) H IR B MDA T B 7 ik

- 59 -

[20]

[21]

[22]

v L PR BRI BE L T]. O RS BBk, 2017,
37(11): 55-60.

WANG Gongchen, DENG Changhong, XIA Pei, et al.
Rolling optimization dispatching method of power grid
containing wind power[J]. Automation of Electric Power
Systems, 2017, 37(11): 55-60.

K, XL KOG G 2R gk D R R e
B S PEHI]. B LR ER, 2014, 29(8): 265-273.

QI Yongzhi, LIU Yutian. Output power rolling optimization
and real-Time control in wind-photovoltaic-storage hybrid
system[J]. Transactions of China Electrotechnical Society,
2014, 29(8): 265-273.

REAR, BAHE, TRTE, S ARIRT LIS
BAT AN BRI, ) R 5 420,
2016, 44(24): 110-116.

SONG Zhuoran, ZHAO Lin, ZHANG Zixin, et al.
Rolling optimal model for multiple heating source and
wind turbine unit[J]. Power System Protection and
Control, 2016, 44(24): 110-116.

PAPPALA V S, ERLICH I, ROHRIG K, et al. A
stochastic model for the optimal operation of a wind-
thermal power system[J]. IEEE Transactions on Power
Systems, 2009, 24(2): 940-950.

[23]

[24]

SR, RIS, R BRE. SRR R RS
1hIE4T 5 3a M M 5E[J]. b E L TR 2R, 2016,
36(23): 6351-6362.

Al Xin, ZHOU Shupeng, ZHAO Yuequn. Research on
optimal operation and bidding strategy of power system
with virtual power plants[J]. Proceedings of the CSEE,
2016, 36(23): 6351-6362.

CAMACHO E F, BORDONS C. Distributed model
predictive control[J]. IEEE Control Systems Magazine,
2015, 22(1): 44-52.

#s HHEA: 2019-03-31;

{&E HEF: 2019-06-11

EEEN:

VAN

T, ARG @A G N TG

F 345 (1985—), %, HEHRA, AT EHEML
feJR LILM; E-mail: luoyitingl 7@gmail.com
kil (1972—), o, @A, HE, R, HEA

#R Z B% M ; E-mail:

yhm5218@163.com

JAS

o (1995), B, MEATAE, HRGEHEME
LR A wIA. E-mail: 1845510066@qq.com

(%% F B



	DOI: 10.19783/j.cnki.pspc.190261 
	考虑多风能预测场景的虚拟电厂日内滚动柔性优化调度方法 
	Day-ahead flexible rolling optimization dispatch of virtual power plant based on 
	multi-wind forecasting results 
	[1]  刘振亚. 中国电力与能源[M]. 北京: 中国电力出版社, 2012. 
	[2]  张兴平, 刘文峰. 典型国家可再生能源政策演变研究[J]. 电网与清洁能源, 2018, 34(10): 60-68. 
	ZHANG Xingping LIU Wenfeng. The evolution of renewable energy policy in typical countries[J]. Power System and Clean Energy, 2018, 34(10): 60-68. 
	[3]  赵文会, 李阮, 付强. 能源互联网下可再生能源项目规划研究[J]. 电网与清洁能源, 2018, 34(2): 142-148, 156. 
	ZHAO Wenhui, LI Ruan, FU Qiang. Research on renewable energy project planning under energy internet[J]. Power System and Clean Energy, 2018, 34(2): 142-148, 156. 
	[4]  叶晨, 崔双喜, 王维庆. 含风电的电力系统概率潮流计算[J]. 电网与清洁能源, 2018, 34(2): 167-172. 
	YE Chen, CUI Shuangxi, WANG Weiqing. Probabilistic load flow calculation for power grid containing wind power[J]. Power System and Clean Energy, 2018, 34(2): 167-172. 
	[5]  付兵彬, 万小花, 熊小伏, 等. 基于风速时间周期特征的风电并网系统风险评估方法[J]. 电力系统保护与控制, 2018, 46(19): 43-50. 
	FU Bingbin, WAN Xiaohua, XIONG Xiaofu, et al. Risk assessment of wind power integrated system based on time-periodic characteristics of wind speed[J]. Power System Protection and Control, 2018, 46(19): 43-50. 
	[6]  陈好杰, 程浩忠, 徐国栋, 等. 基于云理论的风电场群长期出力区间预测[J]. 电力系统保护与控制, 2019, 47(3): 110-117. 
	CHEN Haojie, CHENG Haozhong, XU Guodong, et al. Interval prediction for long-term wind power of wind farm clusters based on cloud theory[J]. Power System Protection and Control, 2019, 47(3): 110-117. 
	[7]  杨杰, 霍志红, 何永生, 等. 基于小波与最小资源分配网络的超短期风电功率预测研究[J]. 电力系统保护与控制, 2018, 46(9): 55-61. 
	YANG Jie, HUO Zhihong, HE Yongsheng, et al. Ultra-short-term wind power prediction based on wavelet and minimum resource allocation network[J]. Power System Protection and Control, 2018, 46(9): 55-61. 
	[8]  KUMAGAI J. Virtual power plants, real power[J]. IEEE Spectrum, 2012, 49(3): 13-14.  
	[9]  卫志农, 余爽, 孙国强, 等. 虚拟电厂的概念与发展[J]. 电力系统自动化, 2013, 37(13): 1-9. 
	WEI Zhinong, YU Shuang, SUN Guoqiang, et al. Concept and development of virtual power plant[J]. Automation of Electric Power Systems, 2013, 37(13): 1-9. 
	[10] 刘吉臻, 李明扬, 房方, 等. 虚拟发电厂研究综述[J]. 中国电机工程学报, 2014, 34(29): 5103-5111. 
	[11] 易德鑫. 计及风电出力不确定性的虚拟电厂随机优化调度[D]. 长沙: 长沙理工大学, 2013. 
	YI Dexin. Virtual power plant stochastic optimal dispatch considering uncertain outputs from wind generators[D]. Changsha: Changsha University of Science & Technology, 2013. 
	[12] GAO Yajing, XUE Fushen, YANG Wenhai, et al. Optimal operation modes of photovoltaic-battery energy storage system based power plants considering typical scenarios[J]. Protection and Control of Modern Power Systems, 2017, 2(2): 397-406. DOI: 10.1186/s41601- 017-0066-9. 
	[13] 罗捷, 吴俊明, 陈德超, 等. 电动汽车参与下的虚拟电厂多目标优化调度[J]. 电力科学与工程, 2015(2): 50-54.  
	LUO Jie, WU Junming, CHEN Dechao, et al. Multi- objective optimization scheduling of virtual power plant with electric vehicles[J]. Electric Power Science and Engineering, 2015(2): 50-54. 
	[14] 夏榆杭, 刘俊勇, 冯超, 等. 计及需求响应的虚拟发电厂优化调度模型[J]. 电网技术, 2016, 40(6): 1666-1674. 
	XIA Yuhang, LIU Junyong, FENG Chao, et al. Optimal scheduling model of virtual power plant considering demand response[J]. Power System Technology, 2016, 40(6): 1666-1674. 
	[15] 徐辉, 焦扬, 蒲雷, 等. 计及不确定性和需求响应的风光燃储集成虚拟电厂随机调度优化模型[J]. 电网技术, 2017, 41(11): 3590-3597. 
	XU Hui, JIAO Yang, PU Lei, et al. Stochastic scheduling optimization model for virtual power plant of integrated wind-photovoltaic-energy storage system considering uncertainty and demand response[J]. Power System Technology, 2017, 41(11): 3590-3597. 
	[16] 余爽, 卫志农, 孙国强, 等. 考虑不确定性因素的虚拟电厂竞标模型[J]. 电力系统自动化, 2014, 38(22): 43-49. 
	YU Shuang, WEI Zhinong, SUN Guoqiang, et al. A bidding model for a virtual power plant considering uncertainties[J]. Automation of Electric Power Systems, 2014, 38(22): 43-49. 
	[24] CAMACHO E F, BORDONS C. Distributed model predictive control[J]. IEEE Control Systems Magazine, 2015, 22(1): 44-52. 



