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Construction of a system dynamics—based carbon emission reduction
model for canal waterway networks and analysis of reduction pathways
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Abstract: In order to comprehensively examine the actual effect of energy—saving and emission reduction measures in carbon
emission reduction of canal waterway network, a carbon emission reduction model of canal waterway network was constructed
based on the principle of system dynamics on the basis of in—depth analysis of relevant policies and future development trends.
The model comprehensively considers multiple system elements such as ships, port terminals, port economic benefits, energy
use and environmental protection, and simulates the carbon emission reduction effect under the implementation of different
energy—saving and emission reduction strategies through dynamic simulation technology, and carries out a comparative analysis.
The results show that the application of technological tools plays a key role in significantly reducing carbon emissions from ships
and port terminals, and in particular, advances in ship energy efficiency management and shore power technology can
effectively reduce the overall energy consumption and carbon emissions of the canal waterway network. This paper theoretically
demonstrates the critical roles of technological innovation and market mechanisms, which can provide a scientific basis and
practical guidelines for the canal waterway network to achieve more efficient carbon emission reduction targets, and greatly
facilitate its environmentally sustainable development.
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Table 1 Impact parameters of carbon emission reduction

from ships in the canal waterway network
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Fig. 1  Ship carbon emissions by navigation status

P AT SEBR S 25 (B 0 32 T A 18 AR sk
THER G sl Sy, WA S B A Y H bR
M A4, FEAE I ERE & P i — R 5
B, DA R AR i 5 Ze M RN e 1 o X
2T PR RRIHER Y, 4 DA 2Rk

1) B A0 AE AR R A3, & shplt:
AE . ARG H LS F BSOS BT e o e A —
FERREE IR A AR Ak, DTS2 ) R AR E 17 250%
FREFERAME , (BRI %) (0 FH A5 3R B AT 23 e L i
—E AR AT I . I, AR SO AN
AR B B R RS ECE L, e A ED
AR DK I TR AP il PR O

2) TERRISHER A, RN S A St
Witz iz 5 Koz WA N acHE R T AERZ I, N
IR G R . B RREE, (R
T B AT R s

3) BEHUW CO, HEB b R AR HE R bR, A
7 e A I == SUAHEBOR B A RHEL
1.4 ZARREATERHHT
1.4.1 PR [EEKE]

Fy g DRI SR [ % [T AT R TR 531 2R 6 1 /4 s 5 [l
%, FoRZaPIRCRSMEAEN, N RS



.4 . Hh Y R

2026 455 9 1

ik . TR B AR AR, AR
KRR/ R IR, ST 22 BRI A (3
FL 7. LNG. LSFO #i#4& ). Mif Al FH 22 46 52 )
BRI S LRI Re AR A AR A0 D0 A6 FTh AR R
PRSI IRINIEAE s BRI AT . AR
FUC B 0 28 24— AR R, DR R AR
T BEACHE R i . DY w552 K 28 22 Rl 9 ¢
ZUNE 2 Bk,

HAbAE
CCER
T H «ﬁ«ﬁ%ﬁ\
S RSE S
Sy — g
SRR

v i
At = AR i
Vi g S

58y + w{ﬁklﬂi{,‘ﬂﬁﬁ

+

T g
8 +
ot Eajjmg\ﬁ” —sft

flewmppp A
Wl sehi + - A
\+ ING 4fr+§§.~fﬁﬁiw'\iﬁ&ﬂm/

e WA S ik )
ek e\ Bisk g e LHE
P Y N e I
(U a et N e

AR R S i
I K Kt
N P g
WA iHifE

2 EAfEMBEHERERRXRE
Fig.2 Causality diagram of the carbon emission reduction
system of the canal waterway network
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Fig. 3 Carbon emission reduction system flow diagram for the canal waterway network
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Table 2 The meaning, calculation method, and data source of each variable
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Table 3 Key variables of the canal waterway network carbon reduction system
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Table 4 Combustion factors for various energy sources and
reference factors for converting to standard coal
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Ciw) 3600 kJ/(kW+h) 0.122 9 kgCE/(kW +h)
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Table 5 Data comparison for model validation against historical behavior(2019—2023)

AE b SR 15 EAf/t Y Xt iR 2z iR 2%
AR CO, HERE: 128 000 126 500 1 500 1.17
2019 BEHIE O CO, el 32 000 31 200 800 2.50
WA BEAE S 45 000 44 200 800 1.78
MR CO, HER = 115 000 117 200 2 200 191
2020 s CREEIT S CO, HElR: 29 000 28 500 500 1.72
W AN BEAE S 40 500 41 300 800 1.98
A CO, HEM R 108 000 106 800 1 200 1.11
2021 e P EIR R CO, HEltE: 26 000 26 500 500 1.92
MEANGEFE A AT 38 000 37 500 500 132
AR CO, HER R 102 000 103 500 1 500 1.47
2022 s FPRE I A CO, HECR: 24 000 23 800 200 0.83
AR REFE B 24 000 23 800 200 0.83
M CO, HER = 95 000 96 200 1 200 1.26
2023 W AR A CO, ARl 22 000 21 800 200 0.91
WA BEAE S 33 500 34 000 500 1.49

HERCE: . MAPE=1.38%({75); #II2EEIE CO,
Hefi i . MAPE=1.58% ({75 ); M A0 GEFE B
MAPE=1.77%{:75 )

i b, ABIRIESS G AT — Bk
SR SR 7 1 Y35 B R G0 8N 1 A AR R ) 56 UE A
0T H T Rtz i) 5 B K [ 22 Tl fit i i A
MABR IR HERS FERCR VAR, A BOR e e R 2= ]
R T H,

2 IEAIE AR AR RSOR HE SR 1R A
2.1 AsAask R HEY & 7 Eakit

W RGBS S, XS T T 2R HE
RIS T TWRAGT, AR T HE
B fitis TR, BOERE LTSI 4 A~ R85

(AR EAE AL o BIFFE TR T 52 MR A 3 I 45 ik HE
BRI AR, JEIIE T & RGN Bh A R st
BL, ET A ST T DA 2 ik HE Y R St sh 2
MESE . FERSRIMg R fEh, 2R G s TR ECT i
i, ZICBlH DL EOR 6O R G e 55 i e A i,
5B SPSS Al EViews 25401 i TH, SERT &
A TR M B 2 R, RIE X B S 4k
AT ThRE S EE . 7ErbIent I, 328 ISR
IrEt 7 2R iy %, PRI
KEESH, BT AR BOR TS 50T MmcHERCR
Ry DT TE PR 45 Bl I HE R W 1) 11 B AL T RE 2 AR A
PR 15 DL R RS A

D FRWHE. 7738 AR AN S s 1 B



-8 - T EWIE R

2026 455 9 1

REVR U FHACSOR IR T MRS A . BRSE Tt A2 3
SRR Al fA= REIR BB 5 1 8 | Ao RE RS B
RYE . AGE P AARCATES A | SRR BB SE

2) BUORPRE . SRR BT S AN |
PR SEANISELR | SE R BRIRCHRBOR LA Bk H Y
R LRV SRR AL Sy TR L A R ARk
Bi gk 45 .

3) Wi, A PR E s s e
P 7K S dz B 2% B T 2 31 T L2 3k 81 A e Dl
BORRAE, iz WA . REIRMTAR ST
211 HOREHER R BOE

FH AR 235 ] 8 1 0 R S 5 S A R P 3
B L 91 LA e 25 BRI C A AR A B 09 L 31 o A S
Y s BB R SR —, AREME e
LA S ORI B RE T . 7RSSRk T
sk se g H AR IR E =T, TERER
BRI B THg s 1 O ), HESh i
HnfHpe ki, R 52 BHs 1 4 (s B A
BgAt . FEWEARERY ST AT LU i 2 Fh 2
TS 1) s YRR T A A T
itks 2) X BRI AT RO T A
SCHE AR RS FO7 5, PR E R e S KL
PEATIREE , MNP IRXS LU PRI ST 07 o i 2k X L
IHTRIRL, S BORTBeit i B th & A B AR T
FEMENE I, Ud IR STt AR L A R T B HE it
Ja, BREB T @ R ARSCR . (BT D RERETD
FEAESEHE IR HERCRAR TG DL, 418 Rz T fii
B M BEIRHFE A S, S BOLBRE IR 46 17 30
JE S REARH AL M AR, DY A S PRt i 7 v
PEATSRPE RS . DL B0 OB T4, R R iR
()32 I ) 2 0 A AR BE DRI AR, AR TR
W RE TR IR A O A R A BR . X — B
G TR R GRS U 1 R T Y B
HERC A7 FEARXS B, (] I S0 A5 AR 1 A A R
FL TR L 35 ) RE VR AE S HERC N 2 o BRI
Hef B SNk 6 Fis .

®6 BRARHMGERERET

Table 6 Design of simulation scenarios for technological

emission reduction
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Table 7 Design of simulation scenarios for financial

incentives
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Table 8 Design of simulation scenarios for market

mechanisms
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