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Cold chain logistics model based on joint distribution and its optimization
algorithm under the background of double carbon

CHEN Yu-die'?, GAN Hong-cheng'*!, CHENG Liang"-*

(1. School of Management, University of Shanghai for Science and Technology, Shanghai 200082, China; 2. Center
for Supernetworks Research, University of Shanghai for Science and Technology, Shanghai 200082, China)

Abstract: Under the background of the “double carbon” objective and the low carbon transformation of logistics
enterprises, a cold chain logistics model based on joint distribution and carbon trading mechanism is constructed. The
model takes the multi-depot green vehicle routing problem in cold chain logistics as the research object, and minimizes
carbon emission cost, distribution cost and time window penalty cost as the optimization objective. Then, a multiple
population genetic algorithm with variable neighborhood search and dynamic catastrophe mechanism is designed to
address the disadvantages of poor local search ability and slow convergence of genetic algorithms. And the advantages
of the algorithm in terms of optimization ability, stability and convergence speed are confirmed by the standard
instances. Finally, an example is analyzed from various perspectives such as joint distribution, objectives and carbon
trading mechanism to verify the validity of the model and provide management insights for cold chain logistics
enterprises and governments.

Keywords: cold chain logistics; joint distribution; carbon trading mechanism; multiple population genetic algorithm;

variable neighborhood search; dynamic catastrophe mechanism
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A-nd6-k7 45 7 100 914 0.00 0.00 0.00 0.00 0.00 3.39 5.80 0.00 0.00
A-n48-k7 47 7 100 1073 0.00 0.00 0.00 0.00 0.00 4.19 6.71 0.00 0.00
An53-k7 52 7 100 1010 0.00 0.00 0.47 0.10 0.48 3.47 6.53 0.00 0.20
A-n54-k7 53 7 100 1167 0.00 0.00 0.00 0.43 0.43 3.51 6.94 0.00 0.00
An55k9 54 9 100 1073 0.00 0.00 0.05 0.09 0.52 3.17 5.78 0.00 0.00
An60-k9 59 9 100 1354 0.00 0.00 0.22 0.07 0.79 3.62 7.39 0.00 0.07
An6l-k9 60 9 100 1034 0.10 0.00 0.21 0.48 1.39 6.09 8.41 0.00 0.10
An62-k8 61 8 100 1288 0.31 0.08 0.68 0.78 1.88 7.30 9.32 0.00 0.62
An63-k9 62 9 100 1616 0.68 0.62 0.79 0.00 1.48 433 8.29 0.00 0.62
An63-k10 62 10 100 1314 0.46 0.00 0.26 0.87 178 6.32 7.69 0.23 0.38
An64k9 63 9 100 1401 1.07 0.57 0.97 1.36 1.71 5.28 7.99 0.86 0.93
An65-k9 64 9 100 1174 0.00 0.00 0.24 0.34 0.57 4.17 8.86 0.26 0.26
An69-k9 68 9 100 1159 0.95 0.00 0.45 0.26 129 5.61 8.89 0.00 0.43
An80-k10 79 10 100 1763 1.30 0.91 127 0.57 1.37 8.91 11.46 0.06 0.68
average - - - - 0.32 0.15 0.37 0.36 0.96 477 7.63 0.09 0.29

e m N R, ke, NS, Q BRI, BKS N LRI, best/ % AR, ave/ % N F MR .

32 HEZE

N TSI P i AR (A R, AR S S ISR
[STAISCHR [14] ¥t T — S S B0 J sk 5. 7%
FRURCZE A O R A AR L 75 SR AN 8] (5 2. a0 58 3 BT
N KB B W T DET = 8, v, = 50km/h,Q =

5t,p=0.16 L/km, p* = 0.25L/km,w; = 1L/h,w,s =
L5 L/h, 7= iy 1 5% 3 B v, 3.6t/h, W s; = q;/vp,
n = 2.61kg/L,C. = 2507C/t(EUETS), C\, = 1507C/
,Cs = 6.687G/L, a1 = 107G/h,ay = 157G/h, 6, =
0.001,d, = 0.002,C,, = 50007C/t, 1 = B2 = 507 /h.

*®3 BRFNMRFLERER

%5 X/km Y/km FRA ET LT || %% X/km Y/km FRt ET LT || %% X/km Y/km FRt ET LT
0 56 78 07 85 115 14 7 27 1.4 9 11 28 41 98 14 95 11
1 84 39 13 95 11 15 92 4 0.9 9 12 29 70 77 07 85 12
2 21 5 09 95 11 16 78 94 11 85 125 30 19 71 0.5 g 11
3 58 65 09 85 12 17 41 59 12 95 1251 31 85 69 08 85 12
4 46 10 1 8 12 18 10 12 05 10 12 32 9 60 1.1 85 11
5 54 27 09 95 115 19 1 42 08 95 12 33 73 13 14 95 11
6 24 98 1.4 8 1251 20 25 47 12 95 11 34 43 22 07 10 125
7 40 41 1 10 12 21 27 24 0.8 g8 1151 35 7 90 0.7 9 115
8 71 63 0.5 9 115 22 60 9 15 9 115 D36 17 82 0 8 16
9 88 93 1 10 12 23 95 48 1.5 8 11 || D37 81 80 0 8 16
10 99 81 0.5 9 11 24 94 22 13 9 115 D38 20 32 0 8 16
1 37 73 14 95 115 | 25 36 91 06 10 125 || D39 76 25 0 8 16
12 72 46 1.5 95 1151 26 63 88 1.1 10 125 - - - - -
13 46 79 1.1 95 115 27 61 40 0.7 9 115 - - - - - -

VE: ET. LT #1879 8:00,8.5 /830, HAh i LA K.
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MR S e R T IS BLE A IR AR B L Kk 1957

A, 755y KR IE R R, BTG & 7 Sk o 2 4
AN X35k, B NG 3% RO FHIRSS AT R X3 &,
I EEAN Fic % FH O BB C A T, M 50 kg 76 BB A T 126 A
R, B EE O IE = 5 B GRS R, S (A
k55 BT % 72, IS B O & 7, 49 200 k.
321 S XEEFIEREEIER LT

K CGA-VNS 3R fif 73 X i 12 FH I A e 1% 7
B 1 B A0 B A FH R A AR, 45 SRk 4 FIER S B
7N

*4 SEEEMKSEHERNBER

it BB %
[D36,30,32,17,11,35,D 36] 98
[D36,6,28,25,13,D 36] 90
[D37,31,10,16,9,D37] 68
[D37,29,8,3,0,26,D37] 78
Jr X ALi% [D38,21,14,19,20,D38] 84
[D38,4,2,18,34,7,D 38] 82
[D39,22,33,D39] 58
[D39,23,12,27,5,D39] 92
[D39,15,24,1,D39] 70
[D36,30,32,20,17,7,D38] 100
[D36,6,28,25,35,D 36] 82
[D38,21,14,19,18,2,D 38] 88
AL [D39,24,15,33,D39] 72
[D39,4,22,5,34,D38] 82
[D37,29,0,11,13,26,D37] 100
[D39,23,1,12,27,D39] 100
[D37,3,8,31,10,9,16,D37] 96
#=5 AREBEERNERIIE

73 X ik BA A%

MEUA F/oG 3648.97 3426.86
SR S /km 837.90 784.81
JAB[E]/h 28.98 27.51

ZEARH 9 8

TRHEBC R kg 520.69 495.77
Tl R A B % 4 27 30
& RA/ TG 111.04 90.71

SIHTRAFIR ST DL T 458,

1) 4 DX BCgk FF 38 A e 22l o0 1R & 7 2R 5
TR, 238 O B R AR LR, W% 42 [D 39, 22,
33,D39]#1[D 37,31, 10, 16,9, D 37] {4 % N 58 %
H168 %, M K A HC I 1 424 E N 8, 5 5% % 2 1) 6 3%
FRILET0 % LA b, A 38 1) 25 =k 100 %, AT
DL IX A AR = ] 78 40 1 F ZE A B IR, ek as i AR
) AR TR A B L AR TR TS A R T
(X L i% 153 B> T 6.34 % 5.07 % 6.09 %. X4 4%
VI A 7, TR A LIS 2 — Fh B N 28 5 1Y) L 26 A
3, AT B A T A VDR

2) A Bk A5 0T Bk B 9 495.77 kg, 5 7 X
WC I AH LIRD T 4.79 %, AT S i bk HETBON PR B 1 % 2

S, DR B A L I ek /b T AR A i 1 S R
LA 1], T 125 R T A2 R A AR T3 ) ¥ 3 TR 3R

3) BRA AL IE 7 31 AR 24 90.71 6, 5 43 IX Bid ik
FHEGID T 20.33 76, B 22495 B 31 mlR 3 1) B 18] 952D
T %924 min, HA 30 N5 7 58 A 75 A 8] 5 22K, [
1, BB T 6 A AT 7R 3 o AR PR T 9 T 4 B R K
TS BN IR S5 LT, BE A b 2 7 7 R B )
& oK, P I R

ST DA b 43 B AT, Bk g A 2 RE A [R] A P
B HE B0 A A PR 3 B AR, B2 o i L X T
ANEL VAR A T AT 4 w2 T A AR, B
ey oy S il SN /N A 55 RO B NG R
BEVIR A R0 &, T o XL I% R B N BEA B IS, 4
KA 8 BAR, LLIRTSAH T T 55 5 TF 1AL 34
3.2.2  AFEWREEBRXS AT

NT AN E P B AR AR AR AL I S0, AR S
PR RS | Fy + Fy(A B REIHHR) B+ Fo(AH &
ESTRA) Fy + Fy + F3 AYE H bR L2
IR BRAR, 45 RN 6 Fis.

R 6 AEIRFEBIRERILL

PR Fo+F3 Fy+Fy Fi+F+Fs

=i

Sl

BEA FIIG 3961.65 342833 3450.82 3426.86
WRHEBUNA FL/ot 65.82 76.61 66.21 73.94
B AR Fo/ot 344756 328821 3205.70 3262.20
BT A Fa/00 44827  63.51 178.91 90.71
S B /km 709.51  802.16  726.21 784.81
SN E)/h 32.57 2731 28.10 27.51
TEE 9 8 8 8
THE R kg 46329 50646  464.83 495.77
WRNRE R H 20 32 27 30

H1 2% 6 A s 1) BARR B B/ ME O H BRI, 224047
O PF 8 B AR T D, H R S A I i T 534.79
TG, H 6 AT D38 i B 5 5 38 i A AN 2 T L1
E A2 M50 2R, FRIC 16 % 2R i X 285 PR A B AN 5 3
(1. 2) 240 AN FEBHE ST, B HE s 2R 44T Bl PR
B IS ARSI TGN, AR T Al i 22 5 ik el
AL SRS RES. TEWE Sy LT, B HE A As &
Al 52 B S H IR AR, 2 R HE S0 6 EE 1), A
FI T ORI R, 7] Bof 35 Bl A b A2 s AR, 3) 4
MV A2 R T 51 AR I, A 27 AN 7 i A2 N ) T 2
3K, B 7 P A, X AL T A AR K RIS, 4) 24
A MU [7 B 25 B HE T B2 BAR 25 P i P I S8
SSAS AR, A 3 426.86 70, HLARHE R AAE T A B
AW, 28 ERR, 25 EIs i S AR w] A AL
2. & 3 05 H IARLRS, wF AT S A BRI T
3, AT BA 43 B B AGHIE T e A B (14 Rk



1958 # % 5

xR ¥38%

3.2.3 BREEGHLEISHT

2 HT IR E 22 5 T 5 AN B AN 2 [ e A AR
g i e T R A (1 A = N S T Y V1R
A8 KT A M FH fk 2 BR 5 1 R T, A SCSR AR T AS [ ik
A% T 138 e A A HE TR, 25 SR sk 7 A
3PN, AR 7 A3 0] L, AR A% H 0 o/t B
50 TG/t B, AR (8 B HE B0 I R R AR A8 A B AN A
£ [50, 1. 500] 2 [ i, Bifi 5 B AN A% L 35K, BHE BR80T
NB&, H1506.46 kg [ & 464.83 kg, F & T 8.22 %, LI
A M 32 B BRAR AN W b TR R A RN A KT
1500 7T/t IsF, B ASE B A 4% AN BT 385 K, A Ml s H st o
KRARFEAAR.

F£7 BNETHER
BRINHE/Oi) eHECR kg BRORA/TT B A TG B & E/%
0 506.46 0.00 3351.72 0.00
50 506.46 1532 3367.04 0.46
250 495.77 73.94  3426.86 2.16
500 495.77 147.89  3500.80 422
1000 484.75 28475  3643.43 7.82
1500 464.83 39725  3781.85 10.50
2000 464.83 529.66  3914.27 13.53
2500 464.83 662.08  4046.68 16.36
3000 464.83 79449  4179.10 19.01
510, —3 4.2
- —
500 | e {4.0
.540 /o’/ LH
~ g (=]
i 490 - 13.8 =
= - N >
= 480} —e— fRHEKE 1 3.6 ﬁé—
el ——e—— LKA :
= 470 fo* {3.4 3
460 . : 3.2
0 1 2 3

RN/ (10°TT /1)
B3 FRERNE TRAENERATL

EH 3 B R 0, e A A e s B G 38 AN B R Al
() e HE TBOAT R 7= AR AR G 1 20 3R AE A 41 S0,
15007 (FRAL: To/t) FIRR A 6 X 1] 52 50 A B 1), 75 1%
X ] P, A 0] B i s B I B0R, A AT 4 78 BRI G s
% 2 I B R R HE T, B0 T R AR I R N i I T
&, Yk AR, T BUR T &, A BRI B S 5 1 4%,
B0 5E B RIS Gy WL, A2 AN 1 Re I B S it ) B
BFR.

A AR —HR B, 2019 4FA12020 4F % F 1k A
WA 5 AN 9 43 T/t 34 T/, T 2005 4 R 5 ) 4
H ik 22 By AL IS, Bk AN B 2k B 20 ~ 25 BR TG/ (2D
A N BT 150 ~ 190 J0/t). 3T 4F SR BRI B A+ 45 4%
R WK, E T T 50 BR o/ (% & N R T 383
Jo/O)RO 55 [E bR A b, B A B A KA, A B
e 72 [, EURT I HE 29 T B AN+ AN Wt b 7t 3 3 ) 1]

B 117 32 5 4l AN M 5 38 _E K, B HETBOREAS o Al
FICAR 4 A5 386, A b 7E P SRS 25 B B S5 R A HE
B, 0 3 [ S B 0 L v A E bR B AR .
4 4 ®

ASCEL “O0URR H AR 9 5, AL T A ACid
HBRAZ Gy LA B 2 BE D B AR A R, I et
T B AR AR A B R AE AN B 25 AR ) 2
10 A% SRR, 3 I o R S A0 05 3 SE 6 56 1 P
P& HH BRLVE RO B (A A0 . AR SC I B AT A 45 18
1) I BC IR A AT e A Y 28 B AR L AL IR
Rak AR P B, A AT S B =07 B JR)
M. 2) MBI AT, 255 5 R I8 B A /]
B PR 3 B 2, AR A A 2278 AR, 3) ik
AR T B FI TR A Al 3 i A R OR RS2, A
B BOS IR, 4) IRBRZ GRS R A 2 L “ XU H Aw
ISR IN, 75 BB A Al B 3L [R]85 ), A b AE 288 I
82 25 B HE TR P58 PR S, RS I $ A8 B 5 T
AR, 76 3 Bk 5 5 WL AH S IR, #E 5 3K [ 3k i
BT ] B T 3 5E 3.

AKHF TR B 7 R 00 BT R EFAFALE, A
A HIE 5T 11 0] L SE 5 5 S B, [A) I 45 5 2 R SRR g AR
RTS8 R U EER DOR R VRP KLY
Ji& i)
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