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Joint scheduling model of distributed generation, energy storage and flexible
load under resource aggregator mode
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Abstract: Distributed generation, energy storage, flexible load and other distributed resources are numerous and scattered,
making it difficult to be directly scheduled by the power grid. Resource aggregators can execute power grid scheduling
instructions by integrating various distributed resources internally. Based on the resource aggregator operation mode, a
joint scheduling model for direct scheduling of large-capacity resources and indirect scheduling of electricity price
response of small-capacity resources is constructed. On this basis, the resource aggregator's profit is the maximum
scheduling goal, and the scheduling performance difference of large-capacity resources is evaluated by rolling online, and
the dynamic integrated scheduling priority is set. In view of the uncertainty of indirect scheduling of small capacity
resources, an opportunistic scheduling constraint with fuzzy parameters is proposed. The improved particle swarm
optimization algorithm is applied to clarify the fuzzy chance constraints and solve the scheduling model. Combining with
IEEE33 node distribution network, the validity and scientific nature of the proposed model and algorithm are verified.
This work is supported by National Natural Science Foundation of China (No. 51707089), Science and Technology
Project of the Headquarter of State Grid Corporation of China (No. 5210EF17001C), and State Grid Jiangsu Electric
Power Co., Ltd.
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Fig. 1 Operation model of resource aggregator
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Table 1 Large-capacity resource configuration

parameters and scheduling costs

A T T T et
(GED:Y) (JG/MW-h)  A/JC
Hk 1 12 0.4 MW 620 100
Stk 2 22 0.4 MW 310 608
Jetk 3 30 0.3 MW 450 456
LR 8 0.4 MW 680 100
A 2 33 0.3 MW 340 980
Tk A A 5 0.5 MW 280 800
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Table 2 Evaluation indicators and scheduling situation of two scheduling modes

VAL 6 bR/ FE /MW h OLER KA 2 F A A fitifig 1 fiti g 2 fiti g 3
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Fig. 7 Algorithm convergence curve
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Table 3 Performance statistics of two algorithms

b ESR2HIRSAP SRR
L AR S R R 1 AT
SRS/ IG 1034.2 1032.9
PR SIR H ik 15 11
RS EEANGNTIN 2.73 6.41
SIS ) /s 40.95 70.51
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Table A1 IEEE33 node distribution network

system parameter data

EEGRERS! i 9 A r/p.u. x/p.u. bip.u.
1 2 0.023 947 0.035 034 0.005 438
2 3 0.019 502 0.028 532 0.004 429
3 4 0.034 443 0.050 390 0.007 822
4 5 0.016 846 0.024 646 0.003 826
5 6 0.024 331 0.035 596 0.005 526
6 7 0.026 067 0.038 136 0.005 920
7 8 0.020 457 0.029 929 0.004 646
8 9 0.012 716 0.018 603 0.002 888
9 10 0.016 852 0.024 654 0.003 827
10 11 0.025 991 0.038 025 0.005 903
11 12 0.023 079 0.033 764 0.005 241
12 13 0.029 865 0.043 692 0.006 782
13 14 0.021 867 0.031 991 0.004 966
14 15 0.023 900 0.034 966 0.005 428
15 16 0.036 016 0.052 691 0.008 179
16 17 0.032 137 0.047 016 0.007 298
17 18 0.034 804 0.050 919 0.007 904
2 19 0.030 902 0.045 209 0.007 018
19 20 0.027 960 0.040 905 0.006 350
20 21 0.017 597 0.025 745 0.003 996
21 22 0.022 385 0.032 750 0.005 084
3 23 0.025 339 0.037 071 0.005 755
23 24 0.015 075 0.022 055 0.003 424
24 25 0.006 635 0.009 707 0.001 507
6 26 0.021 343 0.031 224 0.004 847
26 27 0.014 976 0.021 910 0.003 401
27 28 0.020 055 0.029 341 0.004 555
28 29 0.011 930 0.017 453 0.002 709
29 30 0.006 367 0.009 315 0.001 446
30 31 0.011 941 0.017 470 0.002 712
31 32 0.016 817 0.024 603 0.003 819
32 33 0.007 963 0.011 650 0.001 808
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Table A2 Maximum power of small capacity

resources and node parameter data

- ANF B IR e 5 R NGl VA= NN Y
KIFE/MW p.u. p.u.
1 0 SPAET T R 1.07 0.93
2 0.027 PV s 1.07 0.93
3 0.024 PV 7 s 1.07 0.93
4 0.032 PV T s 1.07 0.93
5 0.016 PV 7 s 1.07 0.93
6 0.016 PV 7 s 1.07 0.93
7 0.054 PV T s 1.07 0.93
8 0.054 PV 7 s 1.07 0.93
9 0.016 PV 7 s 1.07 0.93
10 0.016 PV 7 s 1.07 0.93
11 0.012 PV s 1.07 0.93
12 0.016 PV s 1.07 0.93
13 0.016 PV 7 s 1.07 0.93
14 0.033 PV 7 s 1.07 0.93
15 0.016 PV T s 1.07 0.93
16 0.016 PV 7 s 1.07 0.93
17 0.016 PV T s 1.07 0.93
18 0.024 PV 7 s 1.07 0.93
19 0.024 PV 7 s 1.07 0.93
20 0.024 PV 7 s 1.07 0.93
21 0.024 PV 7 s 1.07 0.93
22 0.024 PV 7 s 1.07 0.93
23 0.024 PV 7 s 1.07 0.93
24 0.114 PV T s 1.07 0.93
25 0.114 PV 7 s 1.07 0.93
26 0.016 PV s 1.07 0.93
27 0.016 PV T s 1.07 0.93
28 0.016 PV 7 s 1.07 0.93
29 0.032 PV T s 1.07 0.93
30 0.054 PV T s 1.07 0.93
31 0.04 PV 7 s 1.07 0.93
32 0.058 PV T s 1.07 0.93
33 0.016 PV 7 s 1.07 0.93
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Fig. Al photovoltaic and wind power output

prediction chart

S 3k
(1] U35k, SBaE R, HoE, & FAedia g 5%

(2]

[3]

(4]

(5]

(6]

(7]

(8]

BEHL R s AT 4 SR (9], P L TR A AR,
2015, 35(21): 5385-5394.

LIU Jizhen, ZENG Deliang, TIAN Liang, et al. Control
strategy for operating flexibility of coal-fired power
plants in alternate electrical power systems[J].
Proceedings of the CSEE, 2015, 35(21): 5385-5394.
MRS, R, KR, & HTRGAEBE
FRE G MR A BV T[] MR, 2018,
42(5): 1488-1494.

YANG Tianmeng, SONG Zhuoran, LOU Suhua, et al.
Research on optimization of composite energy storage
capacity for improving wind power penetration rate[J].
Power System Technology, 2018, 42(5): 1488-1494.
CALLAWAY D S, HISKENS I A. Achieving
controllability of electric loads[J]. Proceeding of the
IEEE, 2011, 99(1): 184-199.

PRENAR, o8, T, T SR M 5 5 58
L) AR GUR ) A OB AL ], s R G fR A
i, 2018, 46(15): 45-51.

CHEN Lina, ZHANG Zhisheng, YU Daolin. Short-term
load forecasting model of power system based on
generalized demand side resources aggregation[J].
Power System Protection and Control, 2018, 46(15):
45-51.

FEAR, 0, 5K, %?)\fﬂw\r‘i\llf%ﬂ’]
%iﬁﬂ&%i&’ﬁ’fﬂiﬁ&hﬁﬁ RIE[D). MRS H L,
2018, 42(18): 8-18.

CHENG Lin, WAN Yuxiang, ZHANG Fang, et al.
Operation mode and control strategy of air conditioning
service based on load aggregation business[J].
Automation of Electric Power Systems, 2018, 42(18):
8-18.

) jf:EEI L EET TR A
55 1A SR R 5 3 %}712‘? E#MFEJ[ 1. R
28 F B4k, 2013, 37(17): 78-86.

GAO Ciweli, LI Qianyu, LI Huixing, et al. Methodology
and operation mechanism of demand response resources
integration based on load aggregator[J]. Automation
of Electric Power Systems, 2013, 37(17): 78-86.
P, Do, RmEA, S5 MBI o A A RE
R 5% B ] B0 R BIE ST 2038 (9] ML A, 2017,
41(10): 3365-3375.

LI Jianlin, MA Huimeng, YUAN Xiaodong, et al.
Overview on key applied technologies of large-scale
distributed energy storage[J]. Power System
Technology, 2017, 41(10): 3365-3375.

LI Jianing, WU Zhi, ZHOU Suyang, et al. Aggregator
service for PV and battery energy storage systems of
residential building[J]. CSEE Journal of Power and



-26- ® A & REYF 5 EH

Energy Systems, 2015, 1(4): 3-11. [17] zfh, REARMG, fesess, &5, ETEHHWEMRALH
[9] YANG Ye, YE Qing, LEONARD J, et al. Integrated =B W 2 B ARR AL [T]. B D R 224

size and energy management design of battery storage 2018, 33(15): 3486-3498.

to enhance grid integration of large-scale PV power HUANG Wei, XIONG Weipeng, HUA Liangliang, et al.

plants[J]. IEEE Transactions on Industrial Electronics, Multi-objective optimization dispatch of active

2018, 65(1): 394-402. distribution network based on dynamic schedule
[10] %, XPAHL, W, 5. 1 A H B m ik 3 priority[J]. Transactions of China Electrotechnical

ZHC L 9 22 ] ) ROBEAR AR T FE (D). WL R AL 3k, Society, 2018, 33(15): 3486-3498.

2018, 42(12): 44-50. (18] YA, Wimese, TThL, 5. Whil ket Xk fuar

LIANG Ning, DENG Changhong, TAN lJin, et al. B B H M 2 H AR EE[T]. R, 2016,

Optimization scheduling with multiple time scale for 40(5): 1394-1399.

active distribution network considering electricity price SHA Yi, QIU Xiaoyan, NING Xuejiao, et al. Multi-

elasticity[J]. Automation of Electric Power Systems, objective optimization of active distribution network

2018, 42(12): 44-50. by coordinating energy storage system and flexible
(111 T, MRELE. 5 8 RO A AN o 2 1 B AL A 7= A load[J]. Power System Technology, 2016, 40(5):

AT, KPBHAE2ATR, 2018, 39(10): 2937-2944. 1394-1399.

DING Ming, LIN Yujuan. Probabilistic production (19] NEZE, 2y, FE6E, & o RO E &k

simulation considering the randomness of renewable N1 H U R0, AR, 2014, 38(10):

wind power, photoelectricity and load[J]. Acta 2708-2714.

Energiae Solaris Sinica, 2018, 39(10): 2937-2944. SUN Yujun, LI Yang, WANG Beibei, et al. A day-
[12] BhilgHE, HiE, sk4d, 5. B RO 58 T D 29 ahead scheduling model considering demand response

TR B HLE B[] B RSK E Bk, 2015, and its uncertainty[J]. Power System Technology,

39(5): 47-53. 2014, 38(10): 2708-2714.

ZHONG Haiwang, XIA Qing, ZHANG Jian, et al. [20] Z=@kAE, Withut, xIFEBE, 5. % & T K N AR

Mechanism design of incentivizing wind farm to S8 MR 1 e AR Al W i fis R RS B[], RS

improve power forecast accuracy[J]. Automation of R3S ¥4, 2018, 46(20): 69-77.

Electric Power Systems, 2015, 39(5): 47-53. LI Yaowang, MIAO Shihong, LIU Junyao, et al.
[13] SHEN J, ALIREZA K. A supervisory energy Optimal allocation of energy storage system in PV

management control strategy in a battery/ micro grid considering uncertainty of demand

ultracapacitor hybrid energy storage system[J]. IEEE response[J]. Power System Protection and Control,

Transactions on Transportation Electrification, 2015, 2018, 46(20): 69-77.

1(3): 223-231. [21] MILEK, 2 KW, BRfE. B 2otk 7 B 5k s
[14] HAO Xiao, WEI Pei, DONG Zuomin, et al. Bi-level W% H s GHs AT R[], W R G R 5 %

planning for integrated energy systems incorporating i, 2017, 45(14): 57-63.

demand response and energy storage under uncertain ZU Qiwu, NIU Yugang, CHEN Bei. Study on multi-

environments using novel metamodel[J]. CSEE objective economic operating strategy of microgrid

Journal of Power and Energy Systems, 2018, 4(2): based on improved particle swarm optimization

155-167. algorithm[J]. Power System Protection and Control,
[15] AI Qian, FAN Songli, PIAO Longjian. Optimal 2017, 45(14): 57-63.

scheduling strategy for virtual power plants based on

credibility theory[J]. Protection and Control of Modern s BH: 2018-12-17; f&E BH: 2019-02-16

Power Systems, 2016, 1(1): 48-55. DOI: 10.1186/  1E&EEN:

s41601-016-0017-x. RREAWIT9—), K, B+, HEAHALARNT,
(16] ZFE#e, FAR, KM, . vF S AR 5 4w i LD BRI A R E 5 AR

SERLI A ST 4 Oz S T E AR (D). W) RS H
ik, 2017, 41(6): 37-43.

LI Chunyan, WANG Dong, ZHANG Peng, et al. Double
layer real-time scheduling model of independent
microgrid considering scheduling priority of load
aggregator[J]. Automation of Electric Power Systems,
2017, 41(6): 37-43.

WILEG (1990—), F, FMd, TRIF, BFRFEaH

WA A B | 3L,

B £ 1982—), B, @44, HEd, sl A

R 6 ARG EFHELE MW, E-mail: supertiger_bear@

126.com

(%3 B 3eim)



	DOI: 10.19783/j.cnki.pspc.181559 
	资源聚合商模式下的分布式电源、储能与 
	柔性负荷联合调度模型 
	Joint scheduling model of distributed generation, energy storage and flexible 
	 load under resource aggregator mode 
	YUAN Xiaodong1, FEI Juntao1, HU Bo2, ZHANG Youwang3, GE Le3 

	ZU Qiwu, NIU Yugang, CHEN Bei. Study on multi- objective economic operating strategy of microgrid based on improved particle swarm optimization algorithm[J]. Power System Protection and Control, 2017, 45(14): 57-63. 



