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Low-carbon Path Optimization for Coal Rail-Road Intermodal
Transport Considering Transshipment Delay Risks
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(School of Civil and Transportation, Northeast Forestry University, Harbin 150040, China)

[ Abstract] When a large number of containers arrive at a node during coal intermodal transportation, it can lead to problems such as
container congestion and transfer delays during the transshipment process. Based on this, the criteria importance through intercrieria
correlation (CRITIC) objective weighting method was adopted to quantify the risk of transfer delay in coal rail-road intermodal transpor-
tation, and then the risk was incorporated into the path optimization factors. Meanwhile, the improved activity-share-intensity-factor
(ASIF) equation was introduced to measure the carbon emissions of transportation and transshipment node exchange processes. A car-
bon emission and transfer delay risk model for the entire freight transportation time was established. Based on the above model, a coal
rail-road intermodal transportation path optimization model was proposed, with the objectives of minimizing carbon emissions, transpor-
tation costs, transportation time, and transfer delay risk. Through a case study, MATLAB programming was introduced, and the non-
dominated sorting genetic algorithm Il (NSGA-1I') algorithm was designed to solve the example. The optimization results under differ-
ent transportation decision conditions were simulated, respectively. By comparing the single-objective optimization results of minimum
carbon emissions, minimum transportation costs, shortest transportation time, and minimum transfer delay risk with the multi-objective
optimization results that comprehensively consider the above objectives, the advantages of multi-objective optimization in handling low-
carbon path optimization for coal rail-road intermodal transportation were explored. The research results show that compared with single-
objective optimization, the multi-objective optimization scheme can effectively reduce transportation costs, shorten transportation time,
reduce comprehensive energy consumption, and lower the risk of transfer delay, achieving a comprehensive optimal combination of
economy and safety in coal rail-road intermodal transportation. At the same time, it also provides a certain reference for the path opti-

mization of rail-road intermodal transportation under different transportation demands and scenarios.
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Fig. 1  Coal rail-road intermodal transport operation model
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Fig. 2 Rail-road intermodal transport network diagram
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Table 4 Unit transportation cost, speed, transshipment
fees, and time for different transportation modes
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Table 6 Emission coefficients of different energy source
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F 0
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Table 5 Energy Structure Parameters for Different Transportation Modes
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Table 7 Transshipment delay risk evaluation indicator values in rail-road intermodal transportation network
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A B52 39 72 64 72 29 76 29 62

#8 CRITICT BLER
Table 8 CRITIC method weighting results

FERR ISR AT AT A4S 3 4575 5 39 o 5 SiE 52 X
W o N

R = [64.808, 65.992, 57.153 6, 57.214 2,

57.142 6, 56.810 7, 53.222 3, 49.005 8] ,

3.3 RO

AR AR HE L /1N i B AS | i 3 i I 1]
AR R SE TR XU A S £ e DAL A9 DR SR H AR, X
SEGIHEAT TR 253k 9 iR, WA PSR H s
AL, LBt A Mz iy 07 ORBEZ 21, % T8k
S il s A R M REAE b I T oAtz 4 O =X
PRI , 3 i A de /M RN 2555 RE AR fe /A 0031
YRR A BRI, T8 07 2 5 2 A AR R A AL Y 45
RORSF— 2, 2 AR AT AR SCRCHE P 3815 SRk
II (non-dominated sorting genetic algorithm II ,NSGA-
I1) 2T MATLAB V-5 52 8L, B E A HEILE 9 100,
I RIEAARECH 500, SRR A R B 0. 1,38
NP BRI 224 1.0 x 1071

®9 FAREBEHRTREINELBRESEYE

Table 9 Optimal paths and function values obtained under different objectives

B/ BWEh SRR kg PEIE TR

Wl RS el GRE RE
B11 0.354 10.126 3.587 0.049 5
Al B12 0.351 17.540 6.154 0.084 9
B13 0.373 11.075 4.126 0.056 9
Bl4 0.361 15.928 5.747 0.079 3
B21 0.382 10. 468 3.996 0.0551
A2 B22 0.331 15.656 5.178 0.071 4
B23 0.318 9.826 3.121 0.043 1
B24 0.345 21.131 7.285 0.100 5
B31 0.334 14.155 4.733 0.065 3
A3 B32 0.342 12.325 4.215 0.058 1
B41 0.333 9. 166 3.049 0.042 1
B42 0.322 9.370 3.018 0.041 6
A4 B43 0.361 9.590 3.465 0.047 8
B44 0.316 8.432 2.665 0.036 8
B45 0.359 9.473 3.40 0.046 9
A5 B51 0.416 9.582 3.987 0.0550
B52 0.422 11.276 4.760 0.065 7
72 e A B M AL
@ g, Eh:&%% 124-6-79-12-14
® WA RO/ SN
® R
@ EAERA R e
5wk OV

7243.11 16.41 21 888.32 118.03
7 243.60 17.41 29 113.84 0
6 874.40 16.53 27 629.93 0
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3.3.1 % BAtisE A A TAT

SRUD N s TR ST/ S v 2o s SRR g 7 By
i BB — B L, AR K LB Y 2 B S i R A —
FEFERE b R b e 2E 1% XU Al iz g 3%, (L AE K BE
BIEWAR T, S FEGE M R, R X
H AR IR 117 328 0 FE I 249 He 2E 15 XU RS d5 /N e 5 1 4
NIk AE TR 5.9% B A] | BEE K PE B s
LU R3S, BRI 12 fan i B R AE A A R B . 2 Bk
P2 OB HE T AZ Sy ek 1] (6 21 B A9 R
WAE—E R LAV 132 S 2 RN o e JE 152 XSS
M SEBRZR A 8025 B AL
3.3.2  REVRERFRITH P £

Z BRI & 24 B bR, X8t 80K [F He ok
HAEZ RS R I ET , 2ARAE F B 00 i - 1 5 A (]
B HAr R B A, AR B TR i e I g, X2
BREKIZ AR 1R R ) T, o Y D OR B A0 35 BUR
T VERBETB I Wi s S Aol DA K 5% 245 BOUR
N1 S /N A Y R S 1B ey €N R NG |
B 23 e BE LA Atk HE 3 e /N B i 98 152 XU B /Nl B
b s BRI T %5 18 A B Ak 25, £ BE RIS i AR fiz
AT TR) 4 AR 9 7 58 5 8 B 3 i Al 3B SR R e K
A AT 0B S A dw N 5 T T FE O T Is i, 2%
TEAFIZ T I [A) e o | v S 15 IXURS: e/ N B AR

AR UL, #7 P 5R F R BN 1], 322 e ik
HERICRN H e FIE 3 XU X P35 FAE 22 0 2 i, s
H A5 sR T RE e B8 e/ IMb R HE ik 1, B /M b i
SRR o KT N7 Y e I % A 2 108 5 B 22 R FH 4k It
BRI T 58, DR A 4 [ A T A 6 T8 i A 1, v % 4iE
TR RERAL,, A PR E R, B I8 H B8
ti B KA, e BRI i LA Rz B s () A X fe R 1
FEE, HEReRET LA A e/ IMbazs iy BAS FES [E]
MR B AR B & T 2RI s 2 it . A R
Formsi Al FECEERmANE, B bR eRE
SV N B /MU F AR . X I Y B R B AR 2 R
PER 2N s ik i, LI A s i A, A PR
R E,EAEEE I, Bk SR E N i
/NI i Bsf ) R XURS: o e MG B AR 2 R 60 B 1
o7 LB, LA J s i [a]
3.3.3  BRERIEEBE R E Hr b ey B R4S

Z Hiri e RO IRk s b %, 5
PRAT B 1A 5 3 PR AR, 30 Ao 3 2 498 i 2k %2
TEANERIGE TP Y 5 HE, S P {1 BE E T Ja] | 42 il
KBS FRARREH W, 256 KF , il A%z s
S, AT ARG B () e U 55 | BB AR D SR A
M T HAh iz gz F X BB K wS
PLE,

4 Zig

e N NS TR (B s RV S/ /NN
R 4 s v O A 45 KURS: AT A A &R, O Lok 1
ASIF BRI RIS N 22 Rz b 7 R BRI 33
PEMTAE L 125 58 v e SiE 15 XIS 5 e+l A9 2 B BB
18 AR

(1) IR S A B 2 BRI 3 v e A 3 XL
A R 705 TR 1 U8 BRI A2 12 A A ) S Al
BT RPN HLORE L RS AR
X3 25 AR P AR S 5 KRG B BT 4 B E AT R 0, 3
SRR R P N B BEA BB DTk IR
SRR RPN R AT IE M 45 2R Nt T s il A
SRR O, A BORE KUS e o 1 B SR TR

(2) P T0 A ) i HE IR HE XS ASTF AR EAT T
TV A ECEE | REWES JEE R AR e N BRI iz i A P B
iz BRI A2 | i R A AR AN A Al O SR B
T, e T BT S B A5 R R 22 i
KA,

(3) B4 R W], 48 Y 1) 2% 8 b % 4 e X
W S i HF AL A BRI 2 AR DL AR B 27 45 25 i 3k
FH Bk ] REAE FIXURS: , %z a4 #E AT DAk, A4
T HARAL 7RSI b 22 H AR IR 18 T AR £
FUSHE DR XU, fi /N RS A 4 % i ds i A AE 2% 5. 9% 1Y
B[] 5 2% AR 33.01% , 45 i1 T3 & B Ak
Z

M T OFFE SR A8 TR AL T B A BRI A
Z s 1§ 52, AU, 76 i 4 2 F) A8 250 v R A A Bk
AR SFE R R, BRI S 2 BBR B I8 T
HEBIE ] B 5 B0 b A5 A5 I a] AR PR 7 A 1
I R SEAF 3% 5 e A1 o T 24 BRIk o Az i A ]
REAFTE R FRCRE R ) XU R R e AU I T 7
Feim i R v i I DR AR, 5 Jm SR A BE IS B TR A
RENS RIS B 2 BAGUE AR B8l , U0l A5 s |
TR PR PR Z AR R O R — BT
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