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stage flexibility improvement optimization method of distribu-
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Table 2 Comparison of solution results among different optimization methods

. ; A / Tl /s 22 / - MBESS H EN=EN
55 R IE) i i o iy MRS EHRES
MBESS #2 A i} 1994 -1283 3277 1244 — 0.93~1.06
MBESS # AJ& Chi FREILETE ) 1628 -765 2393 1127 174 0.95~1.05
MBESS # AJ& (CPLEX SR fiff- 5 ) 1578 -863 2441 1185 167 0.95~1.05
MBESS # A J5 (EFWA ) 1509 -752 2261 1034 198 0.95~1.05
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Impedance modeling and stability analysis of MV / LV voltage DC
distribution system with ISOP-DAB converter
LIU Yingpei, YANG Bochao,SHI Jinpeng,ZHU Yuqi
(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)

Abstract: Under the “dual-carbon” target, high proportion of renewable energy and power electronic equip-
ment have become the main characteristics of medium voltage and low voltage (MV /LV) DC distribution
system, which makes the stability problems caused by its low inertia and weak damping particularly promi-
nent. Therefore,the impedance modeling of MV / LV DC distribution system with input series output parallel-
dual active bridge(ISOP-DAB) converter is carried out and a stability analysis method suitable for the sys-
tem is proposed. Firstly,the two port impedance model of ISOP-DAB converter and the impedance model of
other units are established. On this basis, according to the port characteristics of each unit in the system,
the MV / LV DC distribution system is equivalent to two DC subsystems with single bus,and the equiva-
lent impedance ratio of the whole system on the medium and low voltage side is obtained. If and only if
the equivalent impedance ratio meets the Nyquist criterion,the system can operate stably. Finally,the time-
domain simulation model of MV /LV DC distribution system with ISOP-DAB converter is built based on
PSCAD / EMTDC. The effects of constant power loads and DC line parameters on system stability are com-
pared and analyzed through simulation experiment and theoretical calculation. The simulative results verify
the accuracy and effectiveness of the small signal model of ISOP-DAB converter and the proposed stability
analysis method.

Key words: MV / LV DC distribution system;ISOP-DAB converter;impedance model;stability analysis;small

disturbance stability
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Optimal scheduling of mobile energy storage in active distribution network
based on dynamic reactive power and voltage sensitivity
WANG Yufei',CHEN Qiang',ZHENG Yunping’,XUE Hua',LI Ming’,MI Yang'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. Electric Power Research Institute of State Grid Xinjiang Electric Power Co.,Ltd.,Urumqi 830013, China)

Abstract: With the increase of urban load peak and the penetration rate of distributed generations,there are
risks of further increase of peak-valley load difference and voltage out-of-limit in active distribution network.
mobile battery energy storage system (MBESS) has time-space flexibility and four-quadrant output capability.
Considering MBESS active power output participating in peak load shifting and reactive power output partici-
pating in voltage regulation, an optimal scheduling method of MBESS in active distribution network based
on voltage sensitivity analysis is proposed. Firstly,in view of the coupling effect between the MBESS output
and its access position,the reactive power and voltage correction sensitivity satisfying the affine relation under
the condition of constant active power is derived. Secondly, considering the voltage adjustment requirements
of different buses under different network structures, a calculation method of dynamic reactive power and
voltage correction sensitivity is proposed to determine the optimal access scheme of MBESS. Then,a two-
layer optimal scheduling model of MBESS is constructed, which fully considers the operation economy and
reliability. Finally, taking ITEEE 33-bus distribution system as an example,the proposed model is solved by
using the enhanced fireworks algorithm. The results show that the proposed method can effectively reduce
the peak-valley load difference and improve the overall voltage level of the distribution system while ensuring
good economic benefits of MBESS.

Key words:active distribution network ;mobile battery energy storage system;peak load shifting;voltage regu-

lation;dynamic reactive power and voltage sensitivity ;optimal scheduling
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Fig.Cl1 Structure of IEEE 33-bus distribution network system
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Table C1 Simulation parameters

ZH LI ZH Bl
Thire/a 10 Cu/(JG/kW) 0.05
Fint/ %o 1.5 Clabor/(76/h) 16
rais/% 9 Ce/(FE/KW) 1750
% 1.5 Cp/(FE/KW-h) 1300
Conpl TT/KW) 8000
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Fig.C2 Day-ahead forecasting curves of wind,photovoltaic and load
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Table C2 Time-of-use electricity price

B HAN /(TG (KW-h)T)
=1 08:00—12:00, 17:00—21:00 1.102
B 12:00—17:00, 21:00—24:00 0.661
{isS 00:00—08:00 0.320

% C3 MBESS £#
Table C3 Parameters of MBESS

s BIE TEThZ/(kV-A) HiE Z5 /(MW -h) SOCumin/SOCmax

MBESS; 353 L5 0.2/0.9
MBESS; 707 1.5 0.2/0.9
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Table C4 Node voltage and voltage sensitivity at 15:00
TSN Goxn  rams | e s b vl o by A
RIERBUE  BIEREUE RERE  BIERBUE RIEREE  BIERGUE
1 0.9992 0.0250 0.0173 12 1.0023 0.7360 0.0010 23 0.9755 0.1835 0.4828
2 0.9947 0.0849 0.1111 13 1.0015 0.7493 0.0009 24 0.9662 0.2369 0.7192
3 0.9963 0.1067 0.1104 14 0.9985 0.7669 0.0257 25 1.0045 0.1903 0.1048
4 0.9984 0.1262 0.1093 15 0.9991 0.8157 0.0294 26 1.0069 0.1952 0.1041
5 1.0029 0.1851 0.1054 16 0.9957 0.9383 0.0405 27 1.0064 0.2110 0.1024
6 1.0023 0.1956 0.1054 17 0.9946 0.9705 0.0439 28 0.9622 0.2657 0.8535
7 0.9985 0.6243 0.0172 18 0.9991 0.0689 0.0170 29 0.9600 0.2770 0.9090
8 0.9985 0.7146 0.0224 19 0.9997 0.4330 0.0146 30 0.9586 0.2946 1.0000
9 1.0091 0.6999 0.0001 20 0.9997 0.5551 0.0137 31 0.9934 1.0000 0.0472
10 1.0076 0.6986 0.0004 21 1.0023 0.6511 0.0056 32 0.9942 0.9895 0.0459
11 1.0047 0.6942 0.0014 22 0.9883 0.1181 0.2250
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