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Dynamic reconfiguration of an active distribution network considering temporal and spatia
load distribution characteristics of electric vehicles
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Abstract: To improve the accurate prediction of electric vehicle (EV) charging load and ensure the stability and economy
of the distribution network penetrated with a large scale of EV is one of the key issues in realizing a win-win situation for
the EV and distribution network. In this paper, a combined optimization model of active and reactive power for active
distribution network reconstruction and its solution method are established considering the characteristics of EV temporal
and spatial load distribution. First, from travel chain technology and Markov decision theory, and considering the
influence of weather, the EV owner and traffic, an EV unit energy consumption model and the spatial-temporal load model of
charging load are constructed. Secondly, considering all of the energy storage system, on-load tap changer, capacitor
banks, static var compensation, dynamic reconfiguration of various active management measures, economic indicators
and operation constraints, a dynamic reconfiguration and active reactive-power optimization model of an EV active
distribution network are established. Then, to improve solution efficiency, the original model is transformed into a mixed
integer second order cone model using second-order cone relaxation and variable product linearization methods. Finally,
an improved IEEE33 system is used for simulation analysis to verify the effectiveness and superiority of the proposed method.
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Fig. 1 Trip chain structure
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Fig. 2 Schematic diagram of the transportation network
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Attached Table B1 Trip chain composition and proportion
on weekdays and weekends

Y5 HATHE AT EES LEfil1%
H-W 1 53
TAEH H-W-S/SE/RE/OT 2 24
H-S/SE/RE/OT 3 23
H-S/SE/RE/OT 4 35
RARH H-S/SE/RE/OT 5 35
AT 6 30

Mtz B2 NEHITHABRES T
Attached Table B2 Probability distribution of
different trip chains

W AT S s T
1 N(6.92,1.24) N(17.47,1.80)
TAEH 2 N(6.92,1.24) N(17.47,1.80)
3 N(6.92,1.24) —
4 N(6.92,1.24) —
PICANE! 5 — N(17.47,1.80)
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Attached Table C1 Coupling between TNN and DNN

A% it C HL ) ] C HL ) ] iC HL
1 1 12 12 23
2 2 13 13 24
3 3 14 14 25 11
4 6 15 15 26 25
5 24 16 16 27 26
6 19 17 29 28 10
7 20 18 28 29
8 21 19 5 30
9 22 20 23 31 —
10 30 21 18 32 —
11 17 22 27 33 —
Mizk C2 RiBERKIAFIE
Attached Table C2 Road saturation within a day
B R 4, B TEERULRIE g,
00:00—07:00 0.2 14:00—17:00 0.3
07:00—09:00 0.5 17:00—19:00 0.5
09:00—12:00 0.3 19:00—23:00 0.3
12:00—14:00 0.4 23:00—24:00 0.2

Mizk C3 ZIBEHKE
Attached Table C3 Road length

B i KJEkm B i KJE/km T8 i KJEkm
(1,2) 10.2 (9,11) 10.1 (18,27) 9.7
(1,4) 10.4 (10,11) 9.0 (19,20) 10.0
(2,3) 10.3 (10,21) 10.1 (19,24) 10.4
(2.5) 10.5 (11,22) 10.2 (19,28) 8.8
(2,6) 10.6 (12,13) 10.3 (20,21) 9.1
(3,4) 10.4 (12,16) 10.6 (20,25) 105
(3,7) 10.7 (12,17) 10.7 (20,29) 8.9
(4.8) 10.8 (13,14) 10.4 (21,22) 10.2
(4,9) 9.9 (13,15) 10.5 (21,25) 10.5
(5,6) 10.6 (14,15) 95 (22,30) 11.0
(5,23) 10.3 (14,28) 9.7 (23,24) 10.4
(67) 9.7 (15,16) 8.6 (24,25) 9.5
(6,24) 9.4 (15,28) 8.8 (25,26) 9.6
(7.8) 10.8 (16,17) 10.7 (27,28) 9.8
(7,25) 9.5 (16,29) 8.9 (28,29) 8.9
(8,10) 10.0 (17,30) 11.0 (29,30) 11.0
(8,26) 9.6 (18,19) 8.9 — —
(9,10) 9.9 (18,23) 10.3 — —
MiZ D

Mz D1 WT £
Attached Table D1 Parameters of WT

NTA AT LKW D BB it R

3,17,21 500 0.9 -0.9

Miz D2 PV &
Attached Table D2 Parameters of PV
A A LIRKW  The IR TR
16,19,30,31 400 0.9 -0.9

Miz= D3 ESS £
Attached Table D3 Parameters of ESS
BN RRHESE fheE LR/ fERERE R R

Rip: BRIKW kWh YHE% R R
15 300 1800 10 09 11
32 200 1000 10 09 11

Mz D4 CB &%
Attached Table D4 Parameters of CB
BT 75 H/kvar KA
5,15 50 5

iz D5 SVC £#
Attached Table D5 Parameters of SVC
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