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Abstract

With the rapid expansion of the fresh food e-commerce industry, pre-warehouses, as core nodes in the
“last mile” distribution, have increasingly highlighted the importance of their location decisions while
improving delivery efficiency. This study focuses on the location selection problem of transforming
existing stores into fresh food e-commerce pre-warehouses. Starting from the characteristics of pre-
warehouses, a mathematical model aiming to minimize total costs is constructed, and a corresponding
genetic algorithm is designed to solve the model. A case study is conducted using the pre-warehouses’
location selection problem of Z Group in Jiangxia District, Wuhan City, where existing store locations
are transformed into pre-warehouses. At the same time, the various costs with and without consider-
ing carbon emissions are compared and analyzed based on actual distances. The research finds that
from the long-term perspective of social development, the total social cost resulting from considering
carbon emissions is lower than that without considering carbon emissions, which proves the rationality
of introducing carbon emission factors into the model and provides a decision-making reference for
enriching the logistics model of fresh food e-commerce and promoting the development of low-carbon
cold chain logistics.
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Figure 1. Schematic diagram of crossover operation
B 1. zXzEREE

3.6. ERBE

L RETFHZ O R 4ERF B ZRENE . RSB RN BHE SR R B, BAR . g
ARG 7 A AR BEAL R B — S R 2, 2T EA S A IBE X ], RS AT ENLRAE N EE
HEUE . NREEEERSE: BRERR N TE, X AELEMMERSH Pm € XN 0.2, S HEEAME
FERI2H kAR AT B R AR
3.7. RBEIERER

HSOR B SRS 1A% O B BOFE T PR B EEAL IR R D BSA% AR S A A3 . BRI NP, A 987
BZHON E, HEMRSHFE & A RBEIAT: B e W AURP R & N L BT B A DL A B
TR AR G S X 28 7 A A% B L BRONP-E) MBI o SR 2K P RS A M B8 B 1Y
B AR . LSRIR I, AW TR BORE L LL B S5 Pe BUE D 0.1 IR A RO AT R SRR F Ko

3.8. LIERH
T AL B0k B A 1EaRAR, DRI 0 220 E 2 BRI I T 0. — T BL G ] S 2 AR R
RN o ASCBEE s ATk B KA EL 300 BF, HEZal, b i
4. KBIFAR
4.1. Fikm Y0

Table 2. Branch name, type, and location

=2 MmBR. KB B

Fe L Fx Byt 23503 a5
Il BT I e 114.3595 30.37247
2 Pt K8 s T 114.4344 30.42331
13 YL KIE S T 114.343 30.37174
4 Jai Ll s T 114.3784 30.40314
15 B 100 i R 114.4169 30.4063
16 UL R B R S5 114.3361 30.36029
17 A R 5 114.429 30.4603
I8 B B ) Bt 114.4366 30.42586
19 Ji LB CiEEg 114.3797 30.42429
110 KT )5 BfitsL 114.43 30.4421
111 M EEAE)E GfitsL 114.3209 30.4158
112 LRI )5 Bfitse 114.3202 30.35393
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ot A AE SR BRI G, Ferp T AR b T 2R BT

ASCHE BT X 12 AR A2, BRI G2 AR . SRR Rl 2 fros.

AR AR i R A B Gk D FR bR R R, BIEAE R Z EFWETE ke, S E L R TR
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Table 3. Comprehensive weight ranking of alternative sites

% 3. EEAGANEHT
5 VESHE 75 L
n 0.878111 nz 0.866899
3 0.877706 9 0.860066
11 0.877281 110 0.847036
14 0.876125 I5 0.846146
17 0.869614 2 0.843996
1 0.867751 I8 0.836184

CEETAS, EEL S N AKIE R, TR EEIRN, A2 11, 13 111, 4. 17, 164 112, 19,
4.2. S HBAFHE SEIHERARE

42.1. BEIEERBIENER

AL Z BEATE BT VLB X T eIk X 45 ], e i T 22 07 32t 1 8 A1 A Dy L S0 e iy
BHIZ%E, SUEEHTE G AT EE 7 K &, 34 T B0 VA 158 6 IRk R oK .

1) ZHME

Z SFHE RS PN EE G, RIS A, IR E X A A S A B G . A
O R, B A S A BT E O R AR AR H A, EAE R 1.5 ¢ FIT I E N 50 km/h,
ALK AT 3 Je/(tkm): HTE G R TR AR ECE R A /ANEEE, B47E A 15km/h, BATIZH
P 2 J0/(tkm). BIE 2021 G, MR ARSI AN IO T 2 E AL 5 i — N R L IR R
42.85 Jo/te WEFIMSHUK 4~6 iR,

Table 4. Parameters for carbon emission cost calculation

= 4. BRHMBA T B S BiER

ZH ' EVLE Hs R
Py R G i 42.85 T/t A AR IR B R R 3
B TR FE R BRHE R R 2L 2.63 BP A H B
Co HIEERIC A 550 kg/ K 2 FEIRAC 5y (0 A AR 7 A R I e bk — B4R 92 [9]

Table 5. Other parameter settings
Fs5. Rt SHBREE

S 5E S HH B3 5E EVLE
Pi AEAEE PR S AR B AN A 4000 o/t y  FAATEBEBEMREFEEA 015 Ji/kmt
€ LRVAEi IS %N 10000 Jo/M p*  JERAT AL PR BB AR R 8 FH/E A
O BEIE BT E A 5 T AR B S R R B 0.003 PO SERN AL PR B AR AR 2 TH/E A R
Or B I R B T SR A 5 R AR R AL 0.005 0" BRI B KR E 15t
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Table 6. Store renovation plan of the pre-warehouse

Fo. MECHIESERR
FP5(K) e M ETE FRRERE Z4E) BOEMA G () M55¥42 U (km) IZERA Fi (FT0/4E)

1 PN KT 150 3000 3 5 70
2 rh K+ 100 2500 2.5 2.5 50
3 4N KT+ 50 2000 2 1.5 30
2) Bt

SRR A Z PR EY K B dti sy, FIRGRSEREAE C IminiIRem, R, FRmrskIEN B
S M C 3o B g PO AR5, T C S AU AR X AR X RO H R RN LR 2
RIGEREFOIAL D, RN B2 K BRI N XAEAT R A, 2 RARR T1~J14, K75 R 5T
Y AP LB NS, BRIINEE 7 s R e

Table 7. Location and quantity of demand points
#7. BREMEREKRE

5 EAS 2353 51053 FoRE O (VR)
11 LA - F A 114.382222 30.41241 0.66
12 2 AE I 114.321029 30.41442 0.67
13 KiT—% 114.318151 30.40988 0.88
14 R FEIX 114.326291 30.35846 0.97
J5 RIEWe N X 114319916 30.41884 0.86
J6 WA NS e 114.339399 30.38027 1.02
17 R TR B 114.34516 30.35485 1.01
J8 e =B e 114.373741 30.4233 1.03
19 WALE TR E R 114.442721 30.42425 0.98
J10 WIALEAR R G B AL X)) 114.425605 30.39753 0.99
J11 DL T2 B 114.426333 30.44445 1.03
J12 KAT TR B A B 114.322349 30.40854 0.98
J13 R LR ITRX) 114.439425 30.46657 0.99
114 PUDUBR B BB 5 B (HT AR X)) 114.416312 3043716 1.02

Table 8. Demand volume for alternative stores

=8 BEINEEKE

e R O (UK) 5 kAL O (W)
I 112 17 1.13
P 1.16 I8 1.15
3 1.02 19 1.18
U 1.03 110 1.02
s 1.09 111 1.01
16 1.16 112 1.02
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Table 9. Actual minimum driving distance of vehicles from the proposed renovation site to distribution centers and stores

(Unit: km)
#9. HEREESZREF ORI TENEMRERSRITHESEM: 285)

A Il 12 I3 14 I5 16 17 18 19 110 I11 112
A 0 7.1 18.4 5.2 10.9 14.1 5.7 19.3 18.1 12.2 19.6 6.5 53
I 7.1 0 12.6 2.1 5.4 8 4.1 14.7 12.4 7.5 13.8 7.9 5.7
I3 52 2.1 153 0 8 10.6 1.9 10.9 15 9.2 16.5 7.6 3.6
14 10.9 54 11.5 8 0 7 8.3 10.6 11.4 3 11.4 113 10

16 5.7 4.1 14 1.9 8.3 12.3 0 16.6 15.2 8.9 17.2 7.7 2

17 19.3 14.7 59 10.9 10.6 8.1 16.6 0 6.2 8.4 2.4 16.9 18.5
19 12.2 7.5 9.6 9.2 3 9.5 8.9 8.4 10.6 0 9.3 12.2 11.3
I11 6.5 7.9 18.8 7.6 113 14 7.1 16.9 18.5 12.2 19 0 8.3
112 53 5.7 15.6 3.6 10 12.7 2 18.5 17 113 18.5 8.3 0

Table 10. Actual minimum driving distance of vehicles from the proposed alternative site to the demand site (Unit: km)

F10. PREREREFTRANEIRERMRETRESBMA: 2B

J1 12 I3 J4 J5 J6 7 I8 J9 J10 J11 J12 J13 J14
I1 7.8 8.1 7.5 4.6 8.5 2.1 3.1 7.1 144 104 145 6.9 17 133
13 7.6 73 6.8 33 7.7 1.2 2.6 6.8 15.1 11.1 15.2 6.1 17 13.2
14 23 112 10.6 9.2 11.5 5.5 8.5 23 13.1 9.1 11 9.9 13.2 8.7
16 9.9 7.9 7.4 1.2 83 3.1 1.1 8.7 17 13 17.1 6.7 17.2 15
17 9.8 17 177 176 17.1 139 169 8.2 59 8.6 1.7 17.9 2.8 3.8
19 2.6 124 119 105 128 6.7 9.8 1.1 122 11.6 8.6 112 109 6.4
111 12.5 0.2 0.9 7.8 1 7 9 11.6 20 16 19.7 2.6 193 181
nz2 113 8.5 7.6 1.1 8.8 4.7 2.9 103 187 147 1838 7.3 213  16.8

4.2.2. ERSHH

RIE e %E, 5B MATLAB 2016, ] LASZELSE T30 AL 502 i ai B ik bk .
80, XXHTH08, BRET N2, MHIELLHIN 0.1, LiEZ&MHH 300,

1) B REI SMETR

% RS bR b B IR 5 55 A8 G0 A AR R S R (Ao GRS AE RRAS ), B T R P SR B S e
W 2% B A AT B R B A, A T SN SIS s B AR B, IR E TR E Gkl K BCIE R AR T R
wmE 2, B30 # 11 iR

DARTE A 11 A, BB T IRS & iR s DLECRBOE R TS, B EAFENTDERRR. &
2 HARMCAE R R AR, B HiE 11, 14, 111, 19, 16 ARGEFRMIATE G. RELEMAN 347.997 Ji T,

L, PP Y

\
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IBHIUA 40.769 576, TAFERUA 21.517 T3 76, [ E 5T A & B LS 11.00 J5 7T, FERNE E A 190
JiTG, HIA R 61.435 J5 70 M ACFRBRHEBUR A 23.276 JiT0. %A AR IRAE T bt )7 RAELGEIE 5]
SEPEYERE AT, L E BT A E 54.60%, FREERCA (5 L 24.40%, R AIEEEUE R T SRR R A
NG E LRI R,

3048 T T T T T T T T
J13
30.46 :
3044 F 1
30.42 | P
il
®
304 1
A RS
PN Sut i Sy M
30.36 4 ek b s 1T
L 7 @ EITRA
30.34 1 L A A A A A L
11428 1143 11432 11434 11436 11438 1144 11442 11444 114.46
235

Figure 2. Site selection-path of the pre-warehouse under the actual driving distance of vehicles

B 2. SKPREMMITILEERS THORTE €ikit - 3812
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Figure 3. Number of iterations and objective function under actual driving distance of vehicles
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Table 11. Site selection scheme for the pre-warehouse under the actual driving distance of vehicles
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Figure 4. Site selection-path of the pre-warehouse without considering carbon emis-
sions under the actual driving distance of vehicles
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Table 12. Site selection schemes without consideration of carbon emissions under actual driving distance of vehicles
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Table 13. Comparison of total costs under different scenarios based on actual distances
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