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Abstract

For the low-carbon cold-chain logistics inventory-routing problem, this study considers the in-
ventory and distribution of cold-chain products in two stages of deterioration and carbon emis-
sions, calculates the cost of damage, carbon emissions and other costs; while in the supplier in-
ventory management mode, it analyzes the inventory status of retailers and calculates relevant
costs. Taking the minimum total system cost as the goal, a low-carbon inventory-routing problem
model (LCIRP) considering two-stage cold-chain product deterioration is established, and a two-stage
genetic algorithm using large-scale neighborhood search with “destruction” and “repair” ideas is
designed for solution. Finally, through comparing the results of two models with and without car-
bon emission constraints, as well as two modes with and without considering the joint optimiza-
tion of inventory and routing, and a sensitivity analysis of carbon trading prices, the example re-
sults demonstrate that the LCIPR model has significant advantages in terms of carbon emission
cost and total system cost, which can balance both economic benefits and social environmental
benefits of enterprises, thus better achieving a win-win situation.
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gtlh, @, =15 70/h, 0=0.6 kglkw, wo=1900kg, A =1.004x10"°, p,=3.896x107, A*=1.328x10"°.
WeAh, ASCRTRIIAGE R 7 K, TR AR SSRGS B B, BEN R R R e R
BT EAAE T, S HRMACIARE, TERSRIE A THGHTHEE: &N EEMTFERZMMA
YIE R 50, RdEZER 10 IEAS i

HESHUENT, BB EIENZ XME p, =09, F—MBEEZENLRME p, =01, FE—
BEVERIFRE RN & =100, 25— BRI B RIS maxgen = 50, A B BRLE IR XS
P.=09, # _MBHEEMNERME p, =005, 5 _MBEEEMFE RN E =50, 2 _MrBEEEREK
IEARE MAXGEN = 100.
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Table 1. Retailers and distribution center-related information

* 1 FEFSREFOEXER

ET e A pR g AR %5 B I (h) BB EEFE (k)
0 (50, 50) [0:00~14:00] - -
1 (85, 70) [10:00~10:30] 0.3 25
2 (30, 16) [9:30~10:00] 0.3 25
3 (18, 65) [1:00~2:30] 0.3 25
4 (64, 38) [9:00~9:30] 03 25
5 (14, 26) [0:20~1:00] 0.3 25
6 (37, 82) [8:00~8:40] 0.3 25
7 (70, 90) [2:40~3:20] 0.3 25
8 (32, 44) [3:40~4:30] 0.3 25
9 (77, 24) [7:40~8:20] 0.3 25
10 (53, 22) [5:00~5:30] 03 25
1 (22, 92) [6:30~7:20] 0.3 25
12 (8, 46) [8:10~9:10] 0.3 25
13 (58, 75) [1:30~2:30] 0.3 25
14 (72, 58) [7:10~8:10] 0.3 25
15 (90, 34) [5:40~6:40] 03 25

e ST 0 NRLIEH L, iS5 1~15 NEEN.

4.2. LCIRP {&BIEE R o 4h

ACEIEH Matlab 4ifE, 78 CPU A 1.60 GHz, W1F 4 GB Wit&EHL FiEiT, FEFsiTEHMN
MatlabR2019a. T4 SCFT% FE 1) 3 SR IR IEZS 20 A (10 2 i HABE AL R >R, DR BRIk IS 4745 2 1) 7 SR 240

SHIZES . T PAREREIME, ASCRECT LN SRR H5EI21T 10 Wk, APk F R4

S

JEARHE X RS R BT R B THEAT 10 4k, FFXTIX 10 IREE RATHLEL DISRSERARALAE R . Lk
fREE R B, S A BIECIA R Z T RS 2 Fn, & FEREEPNEAE N 3 FiR.

Table 2. The distribution routes for each cycle

2. BREHRECE Lk

k] [iEeS 85
1 0-3-13-7-11-6-1-0, 0-5-8-10-15-9-4-14-12-2-0
2 0-13-7-15-14-9-10-6-4-1-0, 0-5-3-12-2-0
3 0-13-7-1-0, 0-5-3-10-15-14-9-11-6-12-2-8-4-0
4 0-5-3-11-12-2-0, 0-13-10-14-15-9-4-1-7-6-0
5 0-5-3-11-6-4-0, 0-13-7-8-12-2-10-15-9-14-1-0
6 0-5-13-7-15-12-2-14-9-4-3-11-1-0
7 0-7-15-9-1-10-4-14-0, 0-5-3-11-6-8-12-0
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Table 3. The distribution volume for each retailer per cycle (Unit: kg)
#3 HTERESAPNIREE (R ko)

TR A1 A 2 3 JE# 4 JA# 5 A6 A7

1 39 60 42 34 38 59 77
2 39 48 64 48 74 35 0
3 37 45 69 30 32 37 42
4 44 68 61 32 35 79 76
5 65 44 76 56 46 79 48
6 52 34 42 61 36 0 31
7 34 36 60 35 61 55 44
8 53 0 68 0 38 0 30
9 47 66 74 53 64 79 30
10 36 62 35 35 69 0 31
11 36 0 56 32 52 40 56
12 41 80 65 76 69 31 51
13 31 66 35 75 46 35 0
14 59 45 49 65 34 68 33
15 40 55 67 55 44 56 73

LCIRP I RGL i iA N 13329.2 76, HHEAF AN 3712.3 J6, BLik AN 6037.6 7o, fitifrid
FE A IBRHE U A Ay 887.3 76, FCikid A A IR HE U A Ay 2692 T
4.3. 5SREEHHINARNET - BRIERXEE 9

AL LCIRP A2 FE TR HER LI, IR BHE UL A AR, N B A B /M 19 H b R 2L
W MR B bR 2R B O RREE RO AS BB, R LA B 45 R S AR OB R A B 25 BLHEAT G b . i HAh
SR, R HEERRA K5, BB A s2i0 0 ARAR, W L3R TSR, PR AR SR fif 4t S
XA PR,

Table 4. Whether to consider the cost of two inventory-routing models with carbon emissions (Unit: yuan)

* 4. RREEBHMHNBMET - BERKREMAR(EBA: T)

B BB ik A BRRHER A
% e HER 13329.2 3712.3 6037.6 3579.3
AT R R 15375.8 4585.8 6616.3 4173.7

1 LR TT LU Y, LCIRP AR i AR LA % TR AS HI L AN FERR HETBO A IR AT - BRAR BT IR
LTS, AR T AN R R AR (A, B EERRHE U B ) B A AR T 13.3%, BRHE
BEEFER T 14.2%. dEATHEL X Tk s, AHBEHATAN, RIS A P, AR
Drdlans MTAamE, BHASEAIEm, AR TR G H, BUF RS0l 2 7% Rk
HEBG AR T RS, RIS AT LS B Al i) A
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4.4. FETF - BERHBRMMRES B RAMARBIBTI L 547

N AT - BRI B AGAEZY 5 B B B AR A B R A R b 6 SR, 7 5081 Bt 0 5256 25 SR AN (9 i
$EN, ACH GA-LNS KA BT, B BB AL R BE AR AR 3 TF 5 18, AR AR B
37, RN R TR EAE NI, AT L. AT - BRI BT RN TR 1,
BT RN E 2, FFR 2 FFMRIRLIE L T RWNE 5 Fin, S A0SR InE
6 B

Table 5. The distribution routes for each cycle in scheme 2
F 5 FR 2 ZEAHNEERL

JE P IS B E%
1 0-10-15-9-4-14-1-0, 0-13-7-11-12-2-0, 0-5-3-8-6-0
2 0-5-8-10-14-6-0, 0-3-11-12-2-0, 0-13-7-15-9-4-1-0
3 0-8-10-15-9-4-0, 0-13-7-11-6-14-1-0, 0-5-3-12-2-0
4 0-13-7-11-12-2-0, 0-8-10-14-15-9-4-1-0, 0-5-3-6-0
5 0-5-8-12-2-0, 0-3-7-11-6-1-0, 0-13-10-15-9-14-4-0
6 0-5-3-8-12-1-0, 0-10-15-14-9-4-0, 0-13-7-11-6-2-0
7 0-8-10-15-9-1-0, 0-13-7-14-12-2-0, 0-5-3-11-6-4-0

Table 6. The distribution volume for each retailer per cycle in scheme 2 (Unit: kg)
%6 HR2ETEFESEAYPNERE(E: ko)

TR A1 A 2 3 JE# 4 JA# 5 e A7

1 55 68 27 59 53 37 46
2 86 78 37 80 57 49 57
3 49 65 64 64 57 38 57
4 55 60 57 47 53 42 59
5 39 42 21 64 53 42 64
6 49 48 53 53 41 50 48
7 61 61 41 51 38 39 50
8 42 54 48 61 39 50 56
9 65 51 35 43 39 74 44
10 48 59 42 36 36 55 48
11 64 53 52 66 42 57 58
12 52 38 39 51 57 76 43
13 49 31 46 32 58 41 51
14 53 44 55 57 67 48 29
15 64 39 60 51 64 30 48

T 77 % 2 B R A ML AR, PEAF I AR IS AH BT 3RS, BRI A 8

DOI: 10.12677/0rf.2024.143347 1170 BE 51


https://doi.org/10.12677/orf.2024.143347

[

FIHET AR B, M EERMT R ENCAEE R . HEBNAEE ™ M 58 R, RYEA GRS it
R 2 W EAR IR AR DR AR BBHETBUS A o S AR B SUBAR N 14542.3 G, HA EAZ I 1) 8 oA
4 3606.6 JG, FECIEIATTHE AN 6994.7 J6, BRAFBUS Ay 3941.0 JG. KT 1 FITT S 2 Es R
Frxtbe, HEERR g 7 Fios.

Table 7. Comparison of results between different schemes

7. PRI RHERIIL

BRA BEfFRA ERERE EFRERRA ERHHERA  BEHERA
UE ! 13329.2 37123 6037.6 887.3 2692 3579.3
T2 14542.3 3606.6 6994.7 761.7 3179.3 3941.0

ot B3R, RIS PR 4hig:

1) MR B R, PeA - B4R i B UL AR B T DUSE S M 48 AR G lAS, xR B,
RGBS RA LT 8.3%. X TAEEMR AN E , W AR AN ECIE BEAT BEG AL AT LA B Al BRI R 50 A
A, Re—FENZ TR E .

2) IR LIRS SR B A IR A AN ISR T RA, ATLVE % 1A% 2 AT pr 252, T
J7% 2 PURSEF B i F R EHATRCIE, BT E R, 7% 1@ 8w AT e e,
I 2558 1 E R IR A ARG lAS, BrBAJi % 2 FHE T FEF RSB, FFHAH R
TEAS, M PEAFA TR A S AR W TEIEMTHEA, T % 1 TEEETEAEH, T6
R AR S AR 2 HEATHCAE , AT HCIEPA T A AR 2 AR RIS BRI, PSR B A 72
& 1 8.0%, v ARDASTGE 35 A7 Bt AR IBR A DAL 7 SR PEAF 3R A 2 B vy, (B H T IRLERRSE S i
FPEAF AR A AL T S0 2 AT

3) MTwHAN S, TR 1 BT aNEERETEAEE, THE AT TRE, Wi
A AT B MU BRHE ORI & AR, JF HAR R IR 5 R PR AR, IR S5 I B th 2 A i
EAAS, TR 2, TR 1RBRANSCE K 7 9.2%, Fr DLER AR AR IR & P4 U5 ST DASE 47 3
PEARBR AR, T S AP ik B R AR

i P B, RS ISR BT T, PEAY - B AR BUOC AR R A2 BRI . X T4
M, BT LRI BN R IR A TGS P TICA e R 5 18, F Bl Al SE APt BT 2 B s X
BURTI S, SOZEE BRI S IR, PRSI ettt 3R R

4.5. BTWHIZ S MBI RBE S5

Table 8. Carbon price change table
= 8. IRinig ik

Bt (o/kg) B RA(TT) BRHEUR A (o) BRHERE (ko)
05 10868.2 932.6 1865.2
1 11990.3 1855.7 1855.7
15 12526.2 2717.9 1811.9
2 13329.2 3579.3 1789.7
25 14204.0 4450.5 1780.2
3 14657.7 5319.6 17732
35 148435 6190.8 1768.8
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TR IE MR S AT E, BROFAERE. AT TS 5 kg ML RItE 2 52 m, AR
XFTBRAE Gy A AT RIBUE b, g5 R ande 8 M 1 FivR. ATLAGE Y, MBANFE7E[0.5, 3512 [AIRT, ik
T RS 5 A ISR PEIK, A 1865.2 kg 41K E] 1768.8 kg, B 17 5.2%, Ui AL R 408 A
AWK Ak, BEFERRSS 2 A I3, Al B R I B 3 R AR 2%

B L AR, SRR ARIRES, A AR HE R R 255 A, IR SEIA R B R 2,
ERN A I R, S E AR SN, AR TFATRIE. Bk, BRI E sl I TEE A 2
LYR ANV I BRHETBAT A9 o EAFE RIS, ABRAS G A AL T-[1, 2] X ), Al 4 BN BUs b SRR N 4% 5
I E BRI M PRARBRHE R . SR, MBRAS Sy AR 2 Je/kg B, i HE CE e 120 5% 26 B 38 5 i
FEIRIUREE . Rk, BURTERE A 5 BURR, T B 455 RIAS S M A st ik fszm, DL B ik
RGN, SFETE G RRAS R R KR o Al Ak 5 IR S SRR HEE B, S A RTHESh A IR IS B B A
AR ) i L

4
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Figure 1. Graph of the relationship between total cost and carbon emissions
under different carbon trading prices
1. FERRZNIE THERAFMERIREXRE

5. 45RIE

AL LA AN 22 R BT AL R — R BRI I 48 TR R, AL T LCIRP A5, JFixcit 17—
PR BUBAL V%, ERVET R T KM AR IS 2R (LNS) 1 “BEIR” #4257 1OJEAR, did xS
HESRBAT N, IFEM UL RIS . 1) B EERHRIN A - B AR (R R SR A . AR HE
JECER T THAA B RO . 2) AHEL T BB BURAG Y, LCIRP A2 B[] I et i b 28 5% 28 o A AL 2 PR A5 3L
i, BESEAFHBSEILXURRJRI T o 3) BRAC 53 WM XA BEMITR K 2R Gt it BRA BRSO A 5 1R R RIsEm, i
ILAREAS RS BRAEBAT A B AR - 4) N T iR AL BT AT FF S e, BURFA Ak i A58 T4
WU AR AR 3 S Bt A7 R AR IR 5 DAL SIS, IS8 B AR IO RE ,  DAGR A il B B bt R IDCHA T e A e
HE

E&UH

R ERFHE 4 (71871143);  Fig “RHEAIBHATENERI” *hoe Rk JERHE BOE T H (22d21203405)
AN FHE ST H (22YIC790189);  #UH A SCHERF R4 1T H (23YIC790046) -
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