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Abstract

The clean and energy-saving features of pure electric vehicles (BEV) are a better choice to achieve the
ultimate goal of zero emissions in the transportation industry. However, short electric vehicle ranges,
long charging times, and insufficient charging facilities have severely hindered the widespread adop-
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tion of BEVs. With the continuous development of the electric vehicle industry, the optimal planning
of BEV transportation network has become an extremely important topic. Based on the classic UE
theory, considering BEV charging time, driver mileage anxiety and user heterogeneity, this paper
establishes a traffic network design model, and optimizes the lane extension scheme (that is, the
number and location of the extended lanes in the network) under the established investment upper
limit and charging station construction scheme. To solve the model, we design a local optimum solu-
tion algorithm and embed column generation avoidance path enumeration in it. The validity of the
model is proved by the example analysis. Finally, sensitivity analysis is carried out on different scales
of government investment. The results show that the establishment of this model has reference sig-
nificance for the design of urban electric vehicle network, and provides a reference for the driver’s
travel route selection and government traffic planning management.
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Figure 1. The process of the government adding 1 lane to a link
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Table 1. Definition of the parameters and variables
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Figure 2. Sample network
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Figure 3. Nguyen-Dupuis network
3. Nguyen-Dupuis X%
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E2HE

5.1. Nguyen-Dupuis %%

AT TR 1) Nguyen-Dupuis W45 H1 13 A58, 19 NMEREBURT 4 A4 O-D W4, &l 3 Fos. A
KINSHEE WL 2 fin, OD Rk 3 fm. AR BIE RS (R d, )72 % Bt B FR AT HERT (11 1.5
f5[26]. wNHIMMARQ,, » WEN 24 kwh, WIERMAENRKHEIBERMR 0.2 5, Q,=020,, 5 f&
FEFE N 029 kwh/mi. y, =0.15, 7, =4. n' =0.1kWh . Nguyen-Dupuis % H {275 F A 78 HL, 35900
TH TR LS, AR ATAE T R 6+ 11 o AT FRLI U AR A A 55 25179 0.085 4436 TG « 78 HL Sk 78 AL D) %4 90 kwh.
TEMEL a bY R — R TR U n, B € s BUBATRE I B T-4r 2 —[19].

Table 2. Nguyen-Dupuis network related parameters
%% 2. Nguyen-Dupuis P4 HHX S5

S S 0 M BRI CTR) ST RETI10° D) BB 'S 10 () S IECT oK) S04 2100 )
1 15 7 10.5 300 11 82 9 13.5 500
2 1-12 9 13.5 200 12 9-10 10 15 550
3 45 9 13.5 200 13 9-13 9 13.5 200
4 49 12 18 200 14 10-11 6 9 400
5 5-6 3 4.5 350 15 11-2 9 13.5 300
6 59 9 13.5 400 16 11-3 8 12 300
7 6-7 5 7.5 500 17 12-6 7 10.5 200
8 6-10 13 19.5 250 18 12-8 14 21 300
9 78 5 7.5 250 19 13-3 11 16.5 200

10 7-11 9 13.5 300

Table 3. Nguyen-Dupuis network OD demand
%% 3. Nguyen-Dupuis OD K

OD fixt OD 3R (4i/i)
1-2 400
1-3 800
42 600
43 200

ASCHEGIBE =K, N EAME RE 58 0.25, 0.5, 1.3 L EFREAE S8 2, 1 F10 kWh.
FFAEA O-D %F, =K P AT SR A 9 1:2:1. AN ERE E AR B & 4 R, REEET R
TRV B 4 9708 3 518, FREB 6 I 10 70l — 4508, 18 9 @ik — A 7a .

w4 PR, FUERE BRCPETR RS T 0. G RIS IRER E R m . BB ATRE AR K
MFE S, 1XAAES 30 BEV FEFER, MILihig BT AL T8 BEV 3 i A48, Uk, 7F BEV 22 M
Lo, —RRRR B TR R Z OB . AR R BEV 203 W28 FERE S ME I, TR R % FEAE ISR i Bt
TR Z AR .
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EEH

Table 4. Road balance meter

F 4. BERTERER

B % B B % B
1 435.94 11 423.88
2 164.063 12 176.12
3 223.88 13 311.20
4 376.12 14 176.12
5 548.63 15 176.12
6 111.20 16 288.80
7 546.63 17 0
8 0 18 164.06
9 259.82 19 311.20
10 288.88

5.2. NEI BERRAOBURE o4

ASLLL Nguyen-Dupuis P25 AR 25, SR AN R BUR B RIUBE T 1) 428 9 i R0 70 fE sl 2l 4% i)t
AR BU I BRI RN 0~3.5 —E XK 8 AMA. FEEBUN AN, 5 R 25300 i 50 E iy
Ie ANFHE AU IR 7 R R G AT AR IR 5 FoR. BEE T RSN, RS HEATHRA
M 56,089 TFEE] 28,619 min, TR T 29.27%. EAFEKISST, REY R 7 %FIHE. (LA KRG
T, BB A F10 REMM, AR EH, BT UM T RGO, BEV M2 {5 BE 4 f1 10
AR E . RS AT AR T 1.5 F0 2 Z (A B 1 38 R F% . DRk, BUM I HATH BEV &2

PR PR BE N 2. MBURHIE TR, S PURAR Ny — N EEE K.

Table 5. Optimal solutions under different investment scales

S5 FERBEMARTHRMG R

BT AG TR Y TR FL (D) 7L o
0 46,098
0.5 32,601 1,4
1 32,258 3(2).4(3)
1.5 31,577 3,4(3),10(1) 9
2 29,949 4(3),6,10 9
25 29,497 4(2),15,18(3) 12
3 29,006 4(2),10(1),14(3) 9
3.5 28,619 4(3),10,11(2),13 9,12
6. &g

Bt R B Y R R T N, R XA D) 7 S ) 2% VAR R R AR B o SR, BLA BT X BEV
IZ KA 44 1) NDP AT 72 I8 # 4 FP e R 46T R Bt i i b, SZ RGN IALELE . £ BiRskal, 3K
1178 BEV iafMZ it 17— DMHsi iR 2y A et i . BAROR UL, AT E 5675 18 ot
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BEV 255 53 ) 78 AT 9 A L AR A R Sl vE AP 2 1 o AR R B 2% ik 0 SN B 28 et A R v
T G BR AR, B T AR AR R TS S A R R AT SR o TSI RV £ BE R
FRATTHE L R SR FERE A SRVE (B n A B3R SE A . IX A ERATIA D7 053 F TR Hh B BEV J i 9 46 o 1 56
B3 Hr e SIS AN IR L BB AU E 73 #, AT LATS HH PR 451

1) % Nguyen-Dupuis 2% BEAT PG I 25 RE W], DAL T7 ST EAAE B> 29.27% 0 i iRAT FeAS . ATt
HER AT UKL, AL BN BUF RN S & BT B M il A7/, B R BEV AT
DATE RS P 2% (0 T i B B AT B, DATE 730 F e 2 B B2

2) BB S BBEBINR, R H AR AMERBEB AR, S - SRRBEGhRE. X
—RIVRY, BEV &Mt s A ST B CORBEIATT T o BUFRZILSE S FEIX LA AR T
S PR it 50t 4 8L

3) Z&T Nguyen-Dupuis M2 (AR LI R, BURFBAT LB BURF R A 2tk
RS IR EE A . BUR AR SR BRI ROR, o DA 2 AE T i T R A BB

4) Il T A3 ZR G AT SR R A TR T 2 ) 5 M B T AN A A B I S o AR T B TR B
L4 R 908 T 2 1) 65 A K 51 3 i S8 D ) SR e C (K 7 ) B e o i 2% [T BSOS Dl AN 41 3 4
PR AE IR B A, IR A Ak OO BOR . Sl T R K F AR A R Mg .

SRS, ASCATBUYBUR BT BEV 8450 /28 MU ¢ 1 AT RpELBOR SR — L85 IR WA . 455 83
L BEV B4 it el N, BUR L% 5R0E BEV 2530 53 0 HLURE A5 R8N IR (8] 470 B AR RFAE
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