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Distribution path planning and charging strategy for
pure electric vehicles with load constraint

LIU Yuliang', CHEN Huaili
(Institute of Logistics Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Due to the limitation of driving mileage of pure electric vehicles, it is difficult to realize the long-distance
transportation service of pure electric vehicles in a short time to meet the commercial requirements. However, due to the
characteristics such as small distribution area, small quantity per batch and large batch number of urban logistics, the pure
electric vehicles can be considered to complete the urban distribution tasks. In order to meet the requirements of multiple
distribution tasks of the vehicle on the same day and consider the specific impact of vehicle load on real-time energy
consumption, a distribution model considering the impact of vehicle load on real-time energy consumption was established to
meet the customers’ service time requirements in a timely manner. Taking city A as an example, an ant colony algorithm was
designed to solve the model, so as to make the reasonable path planning and charging strategy arrangement for the

distribution tasks of pure electric vehicles. Finally, the feasibility of pure electric vehicles in urban distribution and logistics

in the future was analyzed by comparing to the operation with fuel vehicles.
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Tab. 1 Energy consumption formula parameters
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Tab. 2 Customer requirements

BFOWRkg  RAFI ] P FRkg  RAFmETE

300 16:00—17:00 16 400 14:00—15:00
360  08:00—09:00 17 380 15:00—16:00
320 09:00—10:00 18 430 14:00—15:00
380 16:00—17:00 19 380 10:00—11:00
400 15:00—16:00 20 290  09:00—10:00
290 13:00—14:00 21 360 17:00—18:00
435 15:00—16:00 22 390 09:00—10:00
300 09:00—10:00 23 260 10:00—11:00
400 16:00—17:00 24 310 10:00—11:00
10 340 13:00—14:00 25 330 11:00—12:00
460 12:00—13:00 26 370 09:00—10:00
12 350 13:00—14:00 27 310 10:00—11:00
13 390 15:00—16:00 28 400 10:00—11:00
14 420 15:00—16:00 29 320 11:00—12:00
15 450 17:00—18:00 30 280 15:00—16:00
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Tab. 3 Driving records of vehicles
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0-20-24-28-25-29-6-C3-0-5-

1 8:00 17:40 1  275.79
9-21-1-15-0
0-2-26-22-10-27-0-11-12-

2 8:00 17:02 1  266.31
C6-13-14-0
0-3-8-23-18-19-0-C1-16-30-

3 8:00 17:33 1 278.53
7-17-4-0
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Tab. 4 Comparison of considering or not considering load impact

HR O FIE AT—  FTH O EIRHE S EH
N 1 25 /km

5 M uhE WA kWh B /%
| b= C3 9.91 19. 82 275.79
i 6 C3 8.85 17.70 275.79
5 & 12 C6 8.24 16.48  266.31
[ 12 C6 6. 88 13.76 266. 31
3 = 0 Cl1 8.53 17.06  278.53
A 0 2 7.71 15.42  290.10

P2 4 AT, R 1R AT 2 7 A R R A 3l
P RRA KON AR 2 EAF RO T SR E P 12
M LI AT 55 Z 05, 2% 50 1 35 H 3l 6 I, 80 Ay Fl i R
13.76%, iX 2 S Bt BEiEFE i i, B g S R R A
EARMER . W3 AT BN SRR
¥ C2, U IE R ER SRR I I T 11, 57 kmo UL, %R
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Tab.5 Cost statistics of vehicles

K BE g el SR G

BT

unit: Yuan

s \ i SRR
RS % N7 %N A A BLAR
1 200 82.74  66.21 19.85  24.00 392. 80
2 200 79.89  63.78 18.58  36.11 398. 36
3 200 83.56  77.92 19.76  40.40 421. 64
Bil 600 246.19 207.91 58.19 100.51 1212.80

2 6 LB AL AT A A TR R AR B B s R
XF .
®6 TEFEBMALLR BT

Tab. 6  Cost comparison of different vehicle types unit: Yuan

1 A R 5/ S ¥ (7 S (11

AR \ ) \ R
SO % N7 % % ¥

4iizh 4 600  246.19 207.91 58.19 100.51 1212.80

SR 4 600 328.26 393.90 38.56 78.64 1439.36

P 6 I, 76 AN Rl Bl A0 RO I B AR I B T, 4l
AL Bl ZE R Y8 B A LU AR BRI ZE I . — D T IRl i A
Bl 2 E R SR O RAR BRI, 23— i S R R R T Y B AR L
FEFR M AZ S8 2. BagHaif R EH TP i il A ge
e N 1) 32 B R 2 — Bl A B R R 1 A R A A
FELYHL %) 3% P8 5 o AHLJR Bl S 20 A 37K £ A b B AR 19 R
R, i v 2 4 8 3 T 4 DA T 0% o A S P L R ASCRT L 4
AR, T BRI T B A IS Y MR S e, A Rl SRR
FERIIS A9 K IR, 4 P B A S A A R R A L SR W L
thgdE— 1k
4.3 AEMEEG 5

DL B B 5 3086 L 10/ P 70 L v, SR — A
ANE R R, Bt S AR (4 38 i, SR S R TS R R E
AV 190 06T 7 6 A LRI e 7 L R DS TR -2 A [ LA 1Y
FEARBAR AT T o LA CRRF B , R 3R 70 HL G 4L
o RRLSIIRIEAT 10 U, W EUR I A — -5 R X AR I an
TR,

x7 AEMEEG LR

Tab. 7 Comparative analysis of different scale examples

S HAR RN AN A
P55 BIBL(CxR)  BEE/Kkm  AST BES/Am  BUAROC
1 50x10  1352.78 2137.49 1378.40 2 149.36
2 50%20 1326.62 2128.65 1349.38 2138.72
3 100x20  2186.67 2876.28 2248.06 2 956.39
4 150x20  2759.29 3592.81 2819.55 3658.13
5 200x30 3217.53 4469.06 3281.72 4577.27

M2 7 ATAL, AR IR DL, A0 S K S AT Bl g
BHAE R EI AL, Bk B AR B 2% . 534, Bik
JEAS AR XA T B AR, DA T 38 1 2% 5 670 2805 i o E 226 42
MKIEAVE . 55— T7 10, FESE R T, AN RS A7 0] SR 52 1)
B, 280 S B i A ZE AR T B L i 15% RS B0 L 30 B AT
FWSEM A —E BT

4.4 HERE

AR S5 174 [0 508 T B AR LK) ] L ) 905 , e et 24 i)
R R FIBAE TR (GA) o HESCH, B T WU (ACO) .
TRHEAT SR A o WO S A A B AR R R R, SR FH E R 5
B, RE AU SR R A5 AL . XS 4. 35 P Sy iy 5 LHAE AR
Bt >R H GA M ACO B IL AT S0 X L, R 2 K44 5556 10
U RBURAL I — IR ER . BAE 5 R AL 100, oK
LB 500, 22 ALK 0. 8, A AR K 0.2, Z5R XS H
K8 PR,

£8 GCAGACOLWELRLE
Tab. 8 Comparison of experimental results of GA and ACO

SR H AR B km SEFTAF A /s
JF5 BUBL(C*R) GA ACO GA ACO
1 5010 1377.94  1352.78 125.45 113.63
2 50x20 1348.28 1326.62 162.89 137.67
3 100%20 2234.39 2186.67 246.73 223.52
4 150%20 2812.68 2759.29 361.09 308.83
5 200%20 3289.45 3217.53 506.39 427.92

H S RO LU T A, X T 5 AR AN , ACO FESR X
— [, AR5 2] — AN AL B4 2R 7 AT E] b, ACO [
GA I A 3 R ASR AL . b g m] 80, WORE SR VA TSR X
— [ HAT B A A

5 4iE
AR BT RE IR A R R B, L T A SR

SR HE R 3 T A B AR , DA C K B AR, IR AR A Lk i

BCik A o i T2 SR 4 — R R YL 1 e P il 2 AT

Fer,, I H 70 H I TR AN ] 220, BIOAS SCA5 6 % 7 Y N TR) 1

LY LR B 00T A S I R R R SE 5 BRAE L SR Y

FEHLTR B A I 55 I A e IR g5 ik . H

Hif , P T P A S A R R 1 R A

FRECT RN ke L, TE 1 A X — PR AT 1 — RE 1 45 e

(ELRE 2 PR OR 3 B AN OR LA K B M AR B 20, 2l 3R 42

KA T I W I B BE R 23 15 3103 2%
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