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Electric location routing problem under energy consumption uncertainty

WANG Dan', ZHOU Hong?!, ZHENG Wei-bo®

(1. Logistics School, Beijing Wuzi University, Beijing 101149, China; 2. School of Economics and Management,
Beihang University, Beijing 100191, China; 3. China Astronautics Standard Institute, Beijing 100071, China)

Abstract: With the growing attention to the sustainability, the environmentally friendly electric vehicles gradually
occupy a major position in logistics distribution. However, due to the limited travel distance, the electric vehicles need
to visit recharging stations. In real life, the uncertainty of electricity consumption affects the location of charging
stations. Therefore, this paper studies the electric location routing problem under energy consumption uncertainty. The
mathematical model of the problem is given in combination with robust optimization theory. To solve large-scale
computing instances, this paper constructs an algorithm as well as several new neighborhoods based on the adaptive
large-neighborhood algorithm. Computational experiments show that the proposed model performs well and is suitable
for real life.

Keywords: electric vehicle; uncertainty; location-routing problem; robust optimization; adaptive large variable
neighborhood search
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B 100/(kW- h) o 200/$ e g o
0 3650/ke 0 022 AL HALNS-LS 51 51847 10 IR, 4 th i
r 20/(kW-h) S 20 B AE A 448, B GUROBI ) £z K2 417 18] 4 7200,
N 45{4(‘2“” 22 100 ¥ HALNS-LS [ £ 1130 4 5% 5 50 3% AR o e
. 0.16/(Skm) Tj 0 R TC B3AE. AR 2 3, HALNS-LS [3K f i 1) 6, 4
24/8 v 0.1 B 37E 10 s N B AT SRAS SRR %5 7 RO T 15 B
i 1200/8 c 20 GUROBI [ 3R figtiif (844K T4 000 s.
# 3 HALNS-LS 5 GUROBI K i/ S B 5|25 52
GUROBI HALNS-LS
i E-Sud
A E B Al /s Sy RIER WME B Al /s
C101C5 7 1830.04 1 0.33 1830.04 1830.04 1 0.35
R104C5 7 1888.73 1 0.45 1888.73 1888.73 1 0.40
RCI105C5 8 1826.30 1 0.49 1826.30 1826.30 1 0.56
RC204C5 8 1222.52 1 0.45 1222.52 1222.52 1 0.23
C104C10 13 3236.58 1 572 3236.58 3236.58 1 4.75
R203C10 14 1832.65 1 23.7 1832.65 1832.65 1 1.28
RC102C10 13 2580.94 1 27.09 2580.94 2580.94 1 2.01
RC205C10 13 2450.41 1 20.94 2450.41 2450.41 1 1.89
R102C15 22 3810.86 2 4691.45 3810.86 3810.86 2 3.74
RC103C15 19 3665.04 2 4200.08 3665.04 3665.04 2 2.77
RC108C15 19 3954.05 2 4304.06 3954.05 3954.05 2 6.75
RC204C15 21 4087.13 3 4405.32 4087.13 4087.13 3 5.58

53 HFRM

A 15 HF 5T Worst-charge Usage RSs Removed.
Shaw Removal. Energy-k-Based Insertion. Time-k
Insertion & ¥, PL J& o5t (1 )= 5 48 & 5 F Best-
Relocate. RInRe. Best-Exchange ff) 115 M RE. B 711
RCEE ] DA g B B 74K 3] b 4 A A/ e A T B2 52/
LFARIIRE ST, ATTRENLIZHE S A 10012 7 AL 1211
78 HL 2% 16 B I DK RIS B 451

F 4/~ T HALNS-LS 754 _Ei%E 1000 K5
ARV BT AU, A DLE ), A SO 7R AU 2
Hn] DL 24 1 f AR A%, Shaw Removal.  Energy-k-
Based Insertion. Time-k Insertion. Best-Relocate . Best-
Exchange S0k &R 1 5171 0.85.

Nt — B IR R T4 TR AT w0 AR B BE D,

AICHEAT TIRAN T, VWA 5. Horr: %UBest 5
- 11 g A il BRI IR B S e P A SR B T
bk, %lUsage N 5 7 i F RS S BRI B H 4
bb. BB A SEIEARIK L 1 000.

i3 5 7] %11, Shaw Removal.  Energy-k-Based
Insertion.  Best-Relocate 57 1 H A 5 4F (1) V£ 6E, M
RInRe 7£ G077 1 B AR T H AW 7. 8 7t —2F
BRI E F AR TR L EN, Rem i T
A HAHF (12 9 No*) Bf HALNS-LS 5% g DL &
HALNS-LS Syt G i b 25 3, % B 5k 4 b #)
N1000s. 3£ 6RMASr#E H I HALNS-LS H &
I RER B, R RInRe B 7 A GEFR 28 0 St
file AR B T e MR AR 2. 245 SR I, i 5 i
I AR T LUK H bR 5 6.57 %.
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3428 #= # 5 kxR %39%
x4 BETEREHISENK1000RGFHNE
BRI NS TR SR R TR
K07 Worst-ch
S orst-charge Shaw Energy-k-Based Time-k
Usage RSs . ) Best-Relocate RInRe Best-Exchange
Removal Insertion Insertion
Removed
C101_21 0.65 0.87 0.86 0.89 0.91 0.65 0.89
C201 21 0.71 0.89 0.87 0.88 0.95 0.68 0.87
R101_21 0.80 0.91 0.91 0.89 0.93 0.81 0.90
R201 21 0.81 0.92 0.94 0.90 0.93 0.82 0.91
RC101_21 0.79 0.96 0.95 0.92 0.92 0.73 0.94
Bl 0.75 091 0.91 0.90 0.93 0.74 0.90
x5 HTERGIE EAVMERE(%Ubest/%IUsage)
R TR R TN AE AR R AR
&7 Worst-charge .
Sh E -k-Based Time-k
Usage RSs aw nergy . ase 1me' Best-Relocate RInRe Best-Exchange
Removal Insertion Insertion
Removed
C101_21 0.59 1.87 2.01 1.03 1.03 0.25 0.71
C201_21 0.10 1.03 1.56 0.85 2.05 0.08 0.76
R101_21 0.78 1.22 0.95 0.95 1.54 0.87 1.05
R201_21 0.73 0.98 0.88 0.72 0.96 0.34 1.61
RCI101_21 0.05 0.84 0.91 0.85 1.33 0.56 0.62
¥iE 0.45 1.19 1.26 0.88 1.38 0.42 0.95
*6 HBENEFRHALNS-LSHEERI
No Worst-
charge No Sha: No Energy No Time-k No Best: No No Best:
%f  HALNS-LS g W k-Based :
Usage RSs Removal /% . Insertion/%  Relocate/%  RInRe/%  Exchange/%
Insertion/%
Removed/%
C101_21 16700.14 0.53 3.37 2.01 6.38 10.02 10.06 8.70
C201 21 16520.43 7.34 5.43 427 5.68 11.14 10.93 7.32
R101 21 23181.51 0.46 5.63 4.40 6.50 6.74 6.45 4.18
R201_21 21403.31 1.69 5.18 4.20 7.02 2.24 4.00 7.81
RC101 21 18 164.04 6.74 3.49 5.64 3.76 4.66 1.43 7.26
YA — 3.35 4.62 4.10 5.87 6.96 6.57 7.05
%7 HALNS-LS #1 ALNS-Schiffer B ERIRIREL IR
H 458 (HALNS-LS) H #514 (ALNS-Schiffer)
HAp — —— Gap/%
A YA PR Hre A YA bR 72 i
C101_21 13714.94 13712.38 0.01 8 18305.40 18302.53 0.07 10 —25.08
C102 21 13786.78 13781.86 0.00 8 18247.94 18239.55 0.08 10 —24.44
C103_21 12311.11 12307.28 0.08 8 15978.53 15975.43 0.09 9 —22.96
C104_21 12854.81 12850.81 0.00 8 16713.37 16711.07 0.04 9 —23.10
C105_21 11927.49 11926.4 0.02 8 15972.13 15963.62 0.10 9 —25.29
C201_21 14747.57 14737.78 0.00 10 18114.61 18106.91 0.04 10 —18.61
C202 21 14 558.56 14558.22 0.01 10 18806.19 18796.32 0.01 10 —22.55
C203 21 15657.81 15654.27 0.08 10 19606.16 19601.93 0.06 11 —20.14
C204 21 16590.88 16586.63 0.00 11 21259.92 21253.55 0.02 11 —21.96
C205_21 14 581.86 14572.81 0.07 10 18090.39 18 081.00 0.01 13 —19.40
R101_21 24308.92 24301.62 0.06 14 28716.41 28712.08 0.06 14 —15.36
R102_21 21111.83 21102.15 0.06 14 24 689.87 24 684.02 0.02 14 —14.51
R103 21 18012.44 18008.24 0.07 14 22428.61 22425.12 0.00 14 —19.70
R104 21 14867.97 14 860.81 0.01 15 19716.84 19715.17 0.01 15 —24.62
R105_21 18321.05 18316.14 0.00 14 22750.49 22744.85 0.05 14 —19.47
R201 21 18 196.39 18192.85 0.06 12 23039.60 23034.27 0.05 15 —21.02
R205_21 17410.7 17409.07 0.01 12 22160.36 22160.29 0.00 15 —21.44
RC101_21 31514.58 3150941 0.07 13 3499745 34994.85 0.02 13 —9.96
RC102 21 33659.66 33651.05 0.01 14 36777.20 36772.63 0.03 14 —8.49
RC103 21 30096.47 30092.09 0.07 14 33835.40 33830.39 0.02 14 —11.05
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54 ANXEASHMEERXEE

¥ HALNS-LS 5 Schiffer 254 [ 5 7% (id A~
ALNS-Schiffer) # 47 %T b, LASS 1F HALNS-LS 71 fr 4
ST M. A SR AR 7. AR R F R AR B
], 2 SHA 357 R 10025 P A 121 78 FRL sk 1) 6 e
(VA=

W B N R SR A 3 R B KB AT I T
3600 s, H A3 I2 47 10 K, o
Gap =

YJ{E (HALNS — LS) — ¥J{H (ALNS — Schiffer)
¥J{E (ALNS — Schiffer)

AL H, HALNS-LS 75 3 # s A0 Aif 77 T BAT B0 1)
.
55 MWEMRBEMATEMRE AT

B P RATH 2 VAR AL (hyy = hyy)~ AN E PEAS
(T E 4L ELRP-ECU B2 [ %) Lk, SR i &5
R ILES. i—/lhij = Bij B, &% % 545 5k ELRP-ECU
BEAL IR (EN “TRSE ™). 24 hy, 396 2 30 (16) B, &1 X
A R T B HE AL ELRP-ECU [ (iI2 A “ &
). “BE” 5IRERK hyy = ?Lij RN “HE” “&
7 RIS oL, “ R ’fjﬁ?%/l%h” = Bij + iij (AWN
CHRET BB RIS, “—7 AT

%8 WMEMHREMANHEMERE AT

x 100 %.

BE IZON
k24l
HisE B HisE B
C104C10 285494  2888.23 - 2915.37
R203C10 183245  1871.57 - 1901.71
C103C15  3076.83  3083.20 - 3089.23
C208CI5  3084.10  3128.40 - 3134.43
RCI08C15 304051 306659 437292  3999.25
RC202C15  3094.07  3146.03 - 3173.60
C104 21 2359257  23607.62 - 25655.94
RCI05 21 1698147  16992.05 - 17053.83

G SR 7% W 214 7 2L ) P R RE 9 KM,
B hiy = Toij + bk I B AR - T 05k 5 B %
1155, B 5 5 w8 A0 B AR 5 R A% T A 5 e
(BT R A 44 9 ELRP-ECU B 20 75 9 i eby f55 30
FEA LT 140 B LA FT B2 10 AR 58 LI AE 55 45 1,
T8 M A AL (¥) ELRP-ECU B 5 LA 5 38 114 52 B 7
FAAME.
6 & ®

DL 1 75 FhL il 345 - 2 D) A TR 5 22 T
YN FIE B 5] i L 2 v BV RS I E O O, o, R
SCHIFSE T o BV FE AN T 0 PR 3 i k- 4 )

(ELRP-ECU). #f 50 & W, 78 K AE AN 8 BB O T, 4%
SCHTHR BT 1) R R 5 45 th BRI M B iR 12 5 7 .

AR ELRP-ECU MG B, JF 4 HY 7 HALNS-
LS Bk Wz EiE 5 R R BB &, I
TR BT A AT R T T /N R 1 A,
HALNS-LS #] ALE JURD 4 BRI 45 3 S A0 . v 1 ik
— ISR B B A RO, 5 SR [24] 1) B
177 WFEE, 45 536 B, HALNS-LS 7E -3k U1 oL e A
FEABKRME. S5, 8 T %AF ELRP-ECU [1) & #
P, S5 e MR R AT T X B, 5 SRR BH, A SO AL g
8 7E fe /NI B AR LA B XRS5 7 T B A R
e

FR TAEH LAA SR SE A, o A R 34T 5 2 AF
FL, B0 25 e AN [R] 28 B4 75 H ik A7 A O, FE AR e
AN 3 W AR QT 25 B 22 (1) S o B >k 2 A it 9
ARSI ] L
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