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Abstract

With the comprehensive implementation of municipal waste classification policies, the develop-
ment of an efficient and low-carbon waste collection and transportation system has become a criti-
cal challenge in urban management. This paper constructs an integrated optimization model that
incorporates vehicle routing optimization, transfer station siting, and carbon emission control to
systematically analyze urban waste-sorted transportation systems. Initially, the waste collection
problem is abstracted as a capacitated vehicle routing problem, leading to the formulation of a sin-
gle-type vehicle routing optimization model. Subsequently, considering that four types of waste are
transported by dedicated vehicles, a multi-type vehicle routing optimization model is developed.
Finally, factors such as transfer station location, time windows, and transportation-related carbon
emissions are incorporated to establish a comprehensive multi-type vehicle routing optimization
model with time windows. Given the large-scale nature of the model and the high degree of variable
coupling, a two-phase solution algorithm is designed. The first phase employs an adaptive large
neighborhood search algorithm to determine transfer station locations and collection point alloca-
tions, while the second phase utilizes a parallel ant colony optimization algorithm to optimize trans-
portation routes for multiple vehicle types. The results demonstrate that the proposed model effec-
tively reduces transportation distance and total system costs while improving the overall opera-
tional efficiency of waste-sorted transportation systems, providing theoretical foundations and de-
cision-making support for urban waste classification transportation scheduling.
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Table 1. Waste distribution at classification collection points

F 1. KRS B R HOBIR 7
SR x Gm) y () BERBw, (W) AR w, W) A ER o, (W0) SR w,, (1)

1 12 8 0.72 0.12 0.06 0.3

2 5 15 1.38 0.23 0.05 0.64
3 20 30 1.08 0.18 0.04 0.5

4 25 10 1.55 0.31 0.06 1.18
5 35 22 1.62 0.27 0.05 0.76
6 18 5 1.76 0.384 0.096 0.96
7 30 35 0.77 0.168 0.042 0.42
8 10 25 1.02 0.238 0.068 0.374
9 22 18 1.32 0.176 0.044 0.66
10 38 15 1.45 0.3 0.075 0.675
11 5 8 1.35 0.27 0.108 0.972
12 15 32 1.87 0.51 0.068 0.952
13 28 5 2.58 0.516 0.129 1.075
14 30 12 1.134 0.21 0.063 0.693
15 10 10 0.78 0.13 0.065 0.325
16 20 20 0.768 0.192 0.08 0.56
17 35 30 0.72 0.27 0.09 0.72
18 8 22 1.595 0.348 0.087 0.87
19 25 25 1.5 0.36 0.09 1.05
20 32 8 1.08 0.18 0.09 0.45
21 15 5 0.912 0.19 0.038 0.76
22 28 20 0.9 0.195 0.075 0.33
23 38 25 0.99 0.27 0.072 0.468
24 10 30 1.44 0.24 0.048 0.672
25 20 10 1.74 0.319 0.116 0.725
26 30 18 1.17 0.39 0.13 0.91
27 5 25 1.7 0.34 0.17 1.19
28 18 30 2.64 0.66 0.044 1.056
29 35 10 0.864 0.216 0.072 0.648
30 22 35 0.986 0.204 0.085 0.425
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Table 2. Parameters of four types of transport vehicles

*?2 OXEAERSY
S8 it HEQ, ()  HBy, () BEERA C, Oikm) BHRE o, (ke/km) SRS S, (ke/il)

Jif A b 3 8 20 25 0.8 0.3
EElEY) 6 25 2 0.6 0.2
B EBIR 3 10 5 1.2 0.5
HoAt 17 3% 10 18 1.8 0.7 0.25

Table 3. Transfer station candidate locations and parameters

% 3. PEILRETE RS
HEshg S x, (km) y,(km)  EBRAT, 010)  WWER [, b, [(h) IR S, (1)

31 15 15 50 [6, 18] [20, 15, 5, 30]
32 25 25 60 8, 16] [25, 20, 6, 35]
33 35 15 45 [10, 14] [18, 12, 4, 25]
34 10 25 55 [7, 17] [22, 18, 5, 32]
35 20 30 58 [9, 15] [24, 22,7, 38]
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Table 4. Waste bulk density for four types
4. MOMEBEEIRAE

A e | KA E (t/m?) SE R E(mS)
&t A 3k 0.48 0.29
ElELse] 0.21 0.1245
HELIR 0.6467 0.3848
Hopth 37 3% 1.25 0.74
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Figure 1. Two-phase algorithm for solving the TCVRPTW model
1. ZMERESEK R TCVRPTW 22

1) sPeuhk bt 5UEE S
Xt TCVRPTW HARLBEAT PIBT BLAISR AR, 26— B BUf 2 oe il b # wliide ik 5 W8 sl e D, fel 4 %
S RAHEAT 5, 25 BB Ik 22 7 AR RS B RRAS MO A2 () 5 H 0T I YSC B A PR B 128 A «

Z/’eF LE + Zkek ZieN/{O} Z_/‘eF Codiy Diljf (28)

FEW AL B R AR LARRMFIITTIE T, BAER/MUE A, G — A m AR AU e uf e ik 5 W8k sy
BT %, NSRRI R TR A . i, AR ALNS ST KRR 12] -

FAEN— DY ATAT MR R, AR KT 2 Th e s R B AR ISR A T, B IEARHUT “8iR - 2R
BAEXS T AR IEAT DU 5 A o AR BBttt 1 = SRR DU SR A 2 [ R R e T AL BR S 715
Bl TR s BB BREL T AS BRS H b R B o ik e 22 (R B2 50 G BAS B i) B s Shaw SBISRS B
) TS ) 1 2 () B B S S R AR, R RS EARIE 1 i, R, B E B
R TR JEHHEAR A (Regret-k) SRS, RHAE2 B (1715 5 BT 70 lC 22 39 /2 R B LRI P gl fdeidk

DOI: 10.12677/aam.2026.154141 119 N H it e


https://doi.org/10.12677/aam.2026.154141

FERE i/ MU B B R A BRI AR I TT 5o NIRTHER MR, HIESIN & B T P
FEREEDY 50 RSN N, ARIES S0 E RN ks S0 — A R R ws 5 72, X
HCHE L HTARAS 3 4y, AR 1 s ST BOEMERIE LT RHE 5y, AT B SR T A R T AL E .

UEAk, Dt G R SR, SRR N RRADLIR KR A HE ﬁi@%%%wap(—%)%%%‘ﬁ? Hr Az

NEAR R, R T BEIEARIREIR B, SN A RAR R B R 8 Ak 0T

2) AL

BB, R I TR R SR O L, AR s AL R R, N Z S MTCVRP
TR AT FIERRAA, HAEIL B B R RS R B 200 BeJa, FRARIEARHRCR R T e/ 1 )
RYEFAATIIT I, & H ) N — B k PR IE AR v 4R ISR 2 AT SRR 1
BE. H) N ZEHh o k S v KA R S AT g M. BRI GE
(AN

E=Y> > > (df,;'ak+ﬂk'Hiﬁ,;)+ZZ > 2 (d/',g'ak’Lﬂk'Hvz,.k/yg) 29

v ieNUF jeNUF keK v feFu{O}geFu{O}

AR LA MTCVRP B, SRS REA T MIE T BB, 207 R Ay, th st R
PUATARRE, AT RIBEA I — KB B b 76 % TR I3, WA 5 B BRI 1, 15
B, = BT B, JORA RSB SO0

y

a B

ﬁzfﬁé%f’%:é (30)

e QF VA k75 A AR AT ) B TR AT A R AT S SR — 2

Wb, A S R B T bR SR BT I A, T R B R T AT . (5 B R I

% - BRI HUH:

0. 0
V4

global

G

7, —(1-p)z7, +

best

He p MEEFHERE, QNWEG Zyy W Z, 73O B AR S 2R SR E B bR BE . fEIF

AT T, ST MRS EHT R, FERAUARE AR R R R e AR R TR S

B RE RN, JRE RS TR, SIS ARG B S R . 2N URIE R T
RCRWFIN, ARG8T RS (R IR BE 70, ANTTTERAS & BT R R AR AL 4 2R

PR B SR AR ELA SN o 25— B B o8 1 rh AR w0 S, IR B OE T8 T B AR

MTCVRP I B 5 4540 o RIS g G 28 — B B ) “ Rl i ” S BURMRMRRCR 72, 55 I BUrIsk

fiR s RS T 88— By, AR AT UK B8 — I BOE 50 i S b H eAs, VR 938 — B B Al o

B L TT ARG 258 B B DA AR e UL B A R I i, 5 B [ B — B B AT R i ) i ik

A7 L

3.2.2. TCVRPTW (&R R

I BTN TCVRPTW #E84 Je B B %, R MATLAB 344 7 56 sont b sl e il DA K
ZENE T R A A . W 2 R, @B, BN 3 H 5 SRR RIE s AL B K
MRSH, RIBLE AR R ZME | ANrheal, BIhEeal 32 5, FRMRE s il 23 B B FRTUSCAR R

DOI: 10.12677/aam.2026.154141 120 N H it e


https://doi.org/10.12677/aam.2026.154141

23
. REAHTITE
® ks
35| ° o | W kb
; L i i 2]
° J
30 - o. ol °
25 [ | )
& ® i .
3 20
> e
15 ° S R e
LA %
10 o . ® o e
® ° °
5 e o €]

0 5 10 15 20 25 30 35 40 45
XEEBR

Figure 2. Transfer station selection and collection point allocation
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Figure 3. Changes in transport costs for four types of waste
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Table 5. Route selection and related data for four types of waste
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Figure 4. Transport and storage routes for four types of waste
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1-2 32—12—24—-8—18—27—32 7.625 125 1
1-3 32522526—5—23—17-7—-30-32 7.156 125 1
1-5 32—2—11-15—-1-21—56—32 6.902 1.625 1 8.675
1-6 32—14—20—13—-29—10—32 7.108  1.35 1
1-7 32532832 372 045 1
1-8 320 5 0.875 1

JEF R
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1-11 0—32—0 5 1.75 2 ’
1-12 0—32—0 5 1.75 2
1-13 0—32—0 5 1.75 3
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