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Multi-time scale optimal dispatch strategy for medium-voltage and low-voltage
distribution networks with distributed PV and BESS access

YUAN Tianmeng', YANG Yining®, HU Zechun®
(1.Tangshan Power Supply Company of State Grid Jibei Electric Power Co., Ltd., Tangshan 063099, China;
2.Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In recent years, the installed capacity of photovoltaic (PV) in medium-voltage distribution networks
(MDNSs) and low-voltage distribution networks (LDNs) has increased rapidly, which brings about problems such as
power flow direction change and overvoltage. For MDNs and LDNs with a high proportion of PV, a multi-time scale
optimal dispatch method involving two stages is proposed: the day-ahead stage and the intra-day stage. Firstly, a
centralized day-ahead stochastic optimization model of MDNs and LDNs is established with the objective of minimizing
the network loss, the penalty cost of PV abandonment, and the charging and discharging cost of the battery energy
storage system (BESS). Then, the model is transformed into a mixed-integer second-order cone programming
(MISOCP) problem and solved. Secondly, in view of the different adjustment time scales of different facilities and the
difficult acquisition of accurate network parameters of LDNs, a two-layer rolling optimization method for MDNs and
LDNs is constructed at the intra-day stage. The upper centralized optimization model provides the benchmark strategy
for the operation of MDNs, and the lower distributed control model sequentially adjusts the output of reactive power of
PV inverters, reactive power and active power of BESS, and active power of PV in LDNs according to overvoltage
degrees. Finally, based on the modified IEEE 33-bus MDN and 21-bus LDN, the effectiveness of the proposed method

is verified.
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IEEE 33 % &P Rl 2 AL R RATEE
Table 1 Rated capacity of PV and BESS in
IEEE 33-bus MDN

SR/ fEReA T/ fERETCE)/  fEfeA L/
e kw kW kW (KW + )
5 600 180 50 360
11 700 210 60 420
14 900 270 90 540
18 900 270 90 540
28 300 90 30 180
33 300 90 30 180
F2 219 SAKERE R Gk G AT
Table 2 Benchmark load of 21-bus LDN
R AAAH T /kW BAHA T/ kW CAHHA T /kW
1 0.000 0.000 0.000
2 2.905 2.870 1.575
3 2.590 2.520 3.920
4 2.240 2.975 2.170
5 1.960 4.095 2.940
6 5.320 8.190 0.000
7 4.760 5.075 6.720
8 8.190 5.180 4.235
9 6.125 5.460 4.305
10 4.340 2.975 2.380
11 3.080 4.340 3.500
12 0.000 5.250 3.955
13 3.010 3.430 2.345
14 2.695 5.845 1.295
15 2.275 2.975 3.500
16 4.970 0.000 3.710
17 1.855 2.730 3.465
18 2.345 1.610 1.925
19 5.425 5.425 6.125
20 2.695 6.965 5.040
21 4.655 5.040 3.465

g 1.0

g 0.5 — ik o

S 2 N 1 fi
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I %]

BT /p.u.

(a) HAGH A ALK R IR

"""" Y — Y54
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Figure 5 Active power of PV and load
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FPAIR R TE FL P 5 o AN SR JBUAT: ] 9] 32 5 ek, IO 95 ok A
o 1793.37 70, T BE 5 %8 2 RN J5 48 33 m LA Rk
IC R A o 7E 238 0 A R R RR [l |, 1
(18 v P T FEL DO A R T L X1 R R A 4 R
BR 5 EE 4390 ok 17.42% F1 34.76 % 5 7 %€ 2 H e
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J e B ) R, 3 3 B AR SC BT 4 1 H RAE
DAk 5 35 AT LA 2 i rp I e T ol 99 4 Ry 32 AT 1 L TE
il 2 ) BE T 48 B 78 4 R A% B U A R Y AR L K e
T A R A 2 A N

R3 TR BWHAFTET PAKERSE R K HF

W, R AR PR 22 (B JA) A) [ 1 h)

Table 3 Network loss and overvoltage frequency of MDN

and LDN under different day-ahead optimization

methods (interval is 1 h)

HOREC A Y AT R TC A

HETE W /T
k PRSI

1 1793.37 138 1051
2 1236.41 0 250
3 1241.88 0 0
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Figure 8 Day-ahead SOC curve of BESS in MDN
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Figure 9 Voltage sensitivity of measuring buses in LDN
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Table 4 Overvoltage frequency of buses in MDN under

different intra-day optimization methods (interval is 5 min)
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Figure 10 B-phase voltage of measuring buses in
LDN connected to bus 22 of MDN under

intra-day optimization strategy
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