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Abstract

Abstract: The heterogeneous-fleet electric vehicle routing problem with partial linear recharging is studied
for realistic logistics distribution scenarios using multiple electric vehicle fleets with different transport
capacities, driving ranges and acquisition costs. A path-based mixed integer linear model is proposed.
The model enumerates the paths visited by all vehicle types between any non-charging nodes, eliminates
the infeasible paths through capacity constraints and time window constraints, and eliminates the
dominated paths by the dominance criterion. Compared with the traditional charging station replica-
based model, this model eliminates the need to set the number of charging station replicas. The results
show that the model outperforms other models in terms of solution quality and solution speed, and
verifies the validity of the model by conducting simulation experiments on the publicbench mark
instances at different scales.
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Abstract: The heterogeneous-fleet electric vehicle routing problem with partial linear recharging is
studied for realistic logistics distribution scenarios using multiple electric vehicle fleets with different
transport capacities, driving ranges and acquisition costs. A path-based mixed integer linear model is
proposed. The model enumerates the paths visited by all vehicle types between any non-charging nodes,
eliminates the infeasible paths through capacity constraints and time window constraints, and eliminates
the dominated paths by the dominance criterion. Compared with the traditional charging station replica-
based model, this model eliminates the need to set the number of charging station replicas. The results
show that the model outperforms other models in terms of solution quality and solution speed, and
verifies the validity of the model by conducting simulation experiments on the publicbench mark
instances at different scales.
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Table 5 Results of small-scale E-VRPTW-PR instances

Y SCHR[13] SCHR[30] A3
#Opt/#Num 33/36 31/36 35/36
Ave Opt time/s 74.70 554.92 5.97

4.4 ARG E-FSMFTW 45 i) Seid 45 5

SCHR[7145 HE T 108 4~ E-FSMFTW /)N R 52451
1E 28 14 58 4 78 FL SR I (full recharging, FR) 15 L
filt, WK 6~8H ] “FR” AR, A AN IX L
S A5 AE 2 P v] AR 78 ¥ 3R W (partial recharging, PR)
HHTRAR, SRWF 6~ “PR” Fiac. “Gap”
N2 P 7 B RE T B R AR R ZERE s “Time” 3R
TN SR AT (I ]

A CHERISE AR E-FSMFTW-PR i @, A&k
fig 726 ANH A, FIEIFER 512 s; X B K E-
FSMFTW-PR [0l R 3K Al 1 30 NEAF], 35S
351 s; XF C2X E-FSMFTW-PR | U i >R fif 1 33
AN, SFIFRERS 308 . FETTRE TSR AR 89 AN LA,
HA 19 MNEBINAET 200 s AR RN T EFAE, ixee
SRS ek e A AR SRS T B AR AR A ] . it
AR 75 SR A U e 1 58 4 7o HL ORI, 7E A R ELf
£ PR AT AR 1.41% FIRAS, 75 BRE B4 I
P31 R] DABEAIC 0.42% I AS, 75 C REHIEE 171
A PABEAR 0.33% M ReA, FLitxt 21 AN S AR T
RVEAS, HAERAE B BARPRH o TESRARRIU |,
A SCHGERY AL 0] B A 1 RS 5 10 AT RS 1 SR A
FE 36 AN SRR 10 B HORS A SR fid 34 4, 7E

RIS 35 N EGIF IS 5.97 s, RA —NEB 3645 Pk 15 16 ks sk i 19 4
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#6  AZE-FSMFTW /NIUBLE 51y 524 45 #7 BZRE-FSMFTW /NI G (1 556 45 3
Table 6 Results of small-scale E-FSMFTW instances of Table 7 Results of small-scale E-FSMFTW instances of
type A type B

SCHR[7 AL SCHR[7 AL
HAl 7] Gap/%  Time/s A 7] Gap/%  Time/s
FR PR FR PR
C101-5 857.75 85775 0 0.06 C101-5 37775 37775 0 0.03
C103-5 476.05 47537  -0.14 0.09 C103-5 236.05 23537  -0.29 0.08
C206-5  1261.88 125210  -0.78 0.09 C206-5 46188 45210  -2.12 0.09
C208-5 116434 1164.34 0 0.17 C208-5 36434 364.34 0 0.17
R104-5 327.25 327.25 0 0.17 R104-5 175.25 175.25 0 0.16
R105-5 346.08  346.08 0 0.05 R105-5 19408 194.08 0 0.05
R202-5 609.18 609.18 0 0.27 R202-5 249.18 249.18 0 0.26
R203-5 645.63 645.63 0 0.17 R203-5 285.63 285.63 0 0.17
RC105-5 511.96 511.96 0 0.08 RCI05-5 29596 295.96 0 0.08
RC108-5 53204 53204 0 0.14 RCI08-5 31393 313.93 0 0.11
RC204-5 496.74  496.74 0 4.19 RC204-5 25555 25555 0 1.09
RC208-5 32889  328.89 0 0.44 RC208-5 208.89  208.89 0 0.52
Cl01-10 130215 129684 041  0.13 CIO1-10 38215 57684 -091 0.3
C104-10 00271 90271 0 7900 Cl04-10 42271 42271 0 1244.39
€202-10 130432 130432 0 1.22 €202-10 50432 504.32 0 0.72
C205-10 263197 228261 -1327 111 €205-10 711.97 682.61  -4.12 1.22
R102-10 59534 58518  -171 375 RI02-10° 325.19 325.19 0 1.23
R103-10 47807 47807 0 6069 RIOS-10° 26207 262.07 0 1392
R201-10 113838  773.35 -32.07  3.16 R201-10- 418.38 40423 -3.38 1.92
R203.10 05216 95216 0 7200 R203-10 39216  392.16 0 1494.97
RC102-10 110027  1100.27 0 0.19 RC102-10° 572,27 57227 0 0.19
RCI08.10 69397 69327 0 644 RCI08-10  422.12  422.12 0 17.19
RC201-10  429.17  429.17 0 0.99
RC201-10  684.63 68248  -0.31 1.58
RC205-10  504.59  504.59 0 1.84
RC205-10  1064.59  1064.59 0 15.34
C103-15  571.03 55443  -2.91 7200
C103-15  1291.03 127443  -129 7200
C106-15  533.59  530.76  -0.53 5.36
C106-15  1253.59 125076  -0.23 1.05
C202-15  803.35  803.35 0 4630.06
C202-15 240335  2403.35 0 7200
C208-15 72589  725.89 0 7200
C208-15 232589 232589 0 7200
R102-15 51155 50669  -0.95 11.19
R102-15 850.58  846.74 045  36.38
RI105-15  436.89  436.89 0 6.22
R105-15 760.13  760.13 0 13.73
R202-15 59124 59124 0 7200
R202-15 131124  1311.24 0 7200
R209-15 47350  473.50 0 7200
R209-15 1033.50 1033.50 0 7200 RCI03-15  499.67  499.67 0 1387.36
RC103-15 84097  840.97 0 7200 RCI0SIS 51465 514.65 0 7200
RC108-15 1013.70  1013.70 0 7200 RC200-15 5416l s4lel 0 35137
RC202-15  1101.60 1101.60 0 487.84 RC204-15 41090 410.90 0 7200
RC204-15 81090  810.90 0 7200 Average Gap/% o
Average Gap/% -141 Average Opt Time/s 351
Average Opt Time/s 512 #Opt/#Num 30/36
#Opt/#Num 26/36
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#8 CISE-FSMFTW /NS [y s it 45
Table 8 Results of small-scale E-FSMFTW instances of

type C
HAp HRLT) AL Gap/%  Time/s
FR PR
C101-5 317.75 317.75 0 0.03
C103-5 206.05 205.37 -0.33 0.08
C206-5 361.88 352.10 -2.70 0.08
C208-5 264.34 264.34 0 0.22
R104-5 156.25 156.25 0 0.16
R105-5 175.08 175.08 0 0.05
R202-5 204.18 204.18 0 0.25
R203-5 240.63 240.63 0 0.17
RC105-5 268.96 268.96 0 0.08
RC108-5 283.93 283.93 0 0.13
RC204-5 220.55 220.55 0 0.77
RC208-5 193.89 193.89 0 0.51
C101-10 492.15 486.84 -1.08 0.16
C104-10 362.71 362.71 0 277.16
C202-10 404.32 404.32 0 1.38
C205-10 471.97 471.97 0 1.08
R102-10 287.19 287.19 0 1.05
R103-10 235.07 234.30 -0.33 813.61
R201-10 328.38 320.93 -2.27 1.78
R203-10 322.16 322.16 0 421.74
RC102-10 498.51 498.51 0 0.19
RC108-10 386.12 386.12 0 1.73
RC201-10 384.17 384.17 0 0.69
RC205-10 429.69 426.69 -0.70 1.23
C103-15 481.03 464.43 -3.45 3081.31
C106-15 415.13 415.13 0 433
C202-15 603.35 603.35 0 944.92
C208-15 525.89 525.89 0 305.22
R102-15 465.94 460.69 -1.13 9.77
R105-15 387.89 387.89 0 3.05
R202-15 495.64 495.64 0 7200
R209-15 403.50 403.50 0 3150.45
RC103-15 448.67 448.67 0 1057.94
RC108-15 44525 445.25 0 7200
RC202-15 471.61 471.61 0 114.02
RC204-15 360.90 360.90 0 7200
Average Gap/% -0.33
Average Opt time/s 308
#Opt/#Num 33/36

5 ZEip

ARSCHHIT T R AT AR TR LSRRG T (1 2 R
R AR 0] R (B-FSMFTW-PR), JH2H T —4
BT PR AT AROAR TR RN 1 SR 12 ) il 2T SN
R AEF Y S B BT ZE YU 1) IR BR AR M
K, BEEEEREL R WA E LR EA A
R, PR BE B A5 B BB L B B AR

W7 B RE, A SCHIRE AL AE E-VRPTW [
AT SCHR[3, 13, I8]AUAE A, 7F E-FSMFTW-
PR I, X108 N EBIRER KA T 894, Hrp
R A SR AR T R PR S BB, RS A oK
AR A4 DR 2 78 RSN 10 (R B4, RS A o i e
IR AN 1S . Ak, RS
BB T SR F St ] AR 7 H SR P gk — P PR A
FAR o RSB RTZ 10)  1) JR R EVE AT OT
DA g e B D RIUABE (1 i) AL
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