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considering construction time sequence
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DEA-based multi-stage planning method of electric vehicle charging facilities
considering coupling of transportation network and distribution network
WANG Shouxiang,LIU Dong,YU Lu,ZHAO Qianyu
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)

Abstract:In recent years,the rapid growth of electric vehicles has brought about an increase in the demand
for charging facilities. However, currently there are widespread problems such as the mismatch between the
number of charging facilities and the scale of electric vehicles,the unreasonable layout,and so on. The reason
is that the planning of charging facilities does not take into account the planning time sequence and the
demand of transportation network. Therefore,a multi-stage planning method of electric vehicle charging facili-
ties considering the coupling of transportation network and distribution network is proposed. Firstly, based
on the principle of Nesterov user equilibrium,a coupling model of transportation network and distribution
network is built,and Monte Carlo sampling method is used to generate traffic flow distribution in multiple
scenarios. Then,the planning cycle is divided into several stages and the data envelopment analysis method-
based multi-stage planning model is established with the optimization objectives of user charging satisfaction
degree, economy and voltage fluctuation. Finally, taking the coupling network composed of IEEE 33-bus dis-
tribution network and 12-node transportation network as an example,the improved free search algorithm is
used to solve the model to obtain the optimal configuration scheme of each stage. Simulative results show
that the proposed planning method can make the scale of charging facilities better match the increase of the
number of electric vehicles.

Key words:electric vehicles;charging facilities ; transportation network ; distribution network ; coupling network ;

Nesterov user equilibrium;data envelopment analysis;multi-stage planning
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Fig.A1 Coupling planning topology of transportation network and distribution network
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Table A1 Traffic flow distribution on weekday

%
Wit
i EPS W i B[]
EEON=A] 39.6 20.6 33.6 7.2
TV X B X 3 8 14 9
Tk X EER X 2 7 46 28
P X3 Tk X 4 13 1 5
Pl X B X 6 16 22 24
JE X E Rk X 22 19 6 6
JE R X B Tk X 49 7 1 12
TR A AT 7 13 5 12
Pl X A R R AT 3 12 3 3
JE B X A B AT 4 5 2 1
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Table A2 Traffic flow distribution on holiday

IR

Wt — — — -
R SPN e e Ve 14 1]
di 4 R 15.2 45.1 21.4 18.3
TP IX B E kX 17 9 13 6
Tk X3 & R X 9 5 13 13
FE X B Tk X 8 3 2 3
P X B ER X 8 19 18 31
JERX B X 24 27 31 23
JERXF| Tk X 19 3 2 2
TALX AR A7 2 6 3 3
X P AT 3 17 11 13

JE B IX e AT 10 11 7 6
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Table A3 Topology data of transportation network

#Es  C,/pu. ¢ /min B C,/pu.  t)/min
T1(1-3) 18 6 T11(5-9) 13.8 12.5
T2(1-2) 20 10 T12(6-70) 20 10.5
T3(2-6) 17 6.5 T13(7-8) 8.9 5.8
T4(2-5) 9.8 5 T14(8-9) 13.2 11
T5(1-4) 7.9 5.5 T15(9-10) 9.15 59
T6(5-6) 8.5 6 T16(10-12) 17.5 6.3
T7(4-5) 13.5 12 T17(9-12) 9.76 5.7
T8(3-4) 8.2 6.5 T18(8-11) 8.97 5.8
T9(3-7) 19 10.2 T19(7-11) 182 6.1
T10(4-8) 14 11.5 T20(11-12) 20 9.8
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Fig.A2 Traffic flow distribution of sections on weekday
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Fig.A3 Traffic flow distribution of sections on holiday



