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Fig.6 Results of PV-generation & ES optimization
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09:00 810.53 164.27 646.26 -0.01 -10.38
10:00 852.50 196.55 655.95 36.06 -42.70
11:00 810.53 245.14 565.39 3.72 36.35
12:00 847.25 259.29 587.96 71.85 58.37
13:00 800.04 244.42 555.62 24.71 19.42
14:00 826.27 223.75 602.52 71.53 2.44
15:00 1020.38 202.35 818.03 -0.02 -2.36
16:00 1177.76 159.20 1018.56 0.02 -73.88
17:00 1356.13  99.73 1256.40  -140.38 -157.04
18:00 1141.04 43.88 1097.16 -40.06 -70.05
19:00  784.30  33.00 751.30 -0.05 0.37
20:00 611.18  25.02 586.16 0.01 -0.16
21:00 54298 1342 529.56 -0.01 0.23
22:00 443.30 0 443.30 0.01 8.16
23:00 43281 0 432.81 -22.07 -6.94
24:00 364.61 0 364.61 22.99 110.38
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Fig.7 Equivalent load curve of Region 1

58.49 kW,17:00 BB 2 el Mg 2 ith
16.66 kW ; DX 8k P 1) 17 faf (IR 45 HE BRZE 00: 00— 03: 00,
IR A 2 Wi 1 ABERE 73 01 2 W I L fiE 35.22
kW .34.14 kW 45.50 kW, %54 DL s | Xz 7
Al B 2 RS 1 I SR AR SR B
R o3 SKE 25 DX P fifh R 1247 92 Eb X 4 0 i RE 2E AT 42
— A T T BB R

6 W T 53R RIgiE MERE A SO i 3 A
B 7 % AR S BOM AT ), fi 2 6 T AT AR SC
MRS ECR 145, A FE S M SR Rk ik KR
D TR HCR AR SO B AT RN 43 min, AT
TRERRW B4 T 41 min, SO SCHARAS AL T
N R E I i TN K A =15



E 58

FUBCAT 28 JE T R 8L 23 DI 32— S22 M0 S Sy i L 116 AR i R O AL BB @

® 6 ARBEMTEI LR

Table 6 Comparison among different simulation methods
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Optimal PV-generation & ES configuration based on virtual partition scheduling

and bi-level programming for urban distribution network
BAI Muke, TANG Wei, TAN Huang,GAO Feng,YAN Tao
(College of Information and Electrical Engineering,China Agriculture University, Beijing 100083, China)

Abstract: According to the features of urban distribution network with a high penetration of distributed
generation,a planning model and method of PV (PhotoVoltaic) generation and ES(Energy Storage) are proposed
based on the virtual partition and bi-level programming. Based on the historical data,the density clustering is
adopted to generate the multiple states of PV-generation and load for different periods,which considers the
time-sequence ,randomness and their internal correlation of PV-generation and load to greatly reduce the
number of states. A bi-level programming model of PV-generation and ES based on the virtual partition is
established ,which takes the minimum annual cost as the objective function of upper level programming,the
installation position and capacity of PV-generation as the variables of upper level optimization,the minimum
sum of equivalent load variance as the objective function of lower level programming,the installation position
and capacity of virtual partition and ES as the variables of lower level optimization,as well as considers the
optimal dispatch of ES for each partition. The elitist strategy genetic algorithm and particle swarm
optimization algorithm are applied to solve the model. The simulative results of IEEE 33-bus system verify
the effectiveness of the proposed model and method. The obtained PV-generation & ES configuration scheme
can effectively enhance the network economy and reduce the network loss.

Key words: photovoltaic generation; virtual partition; energy storage; optimal configuration; bi-level

programming; urban distribution network
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