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Segmented Estimation of Carbon Emissions from High Speed Train
Operation Based on Railway Alignment Parameters

HU Qiaozhi, LUO Hao, YUAN Zhenzhou, YANG Yang
(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To estimate the carbon emissions generated during high speed train operation and identify
differences among line sections, this paper proposed a segmented estimation method based on
railway alignment parameters by employing selected sections of the up and down main lines of the
Beijing—Shanghai High Speed Railway as a case study. A unified set of line sections was established
according to gradient and curve tables. Segmented traction energy consumption was calculated by
integrating basic resistance, gradient resistance, and additional curve resistance, and the resulting
energy consumption was converted into carbon emissions by adopting an electricity carbon emission
factor. The results show that in the baseline conditions, total carbon emissions in the up and down
directions are 1 381.69 and 1 364.89 kg, respectively, indicating similar overall levels. The correlation
coefficient between gradient and per-kilometer carbon emission intensity is 0.831, indicating that
the gradient is an important factor influencing differences in section-level carbon emissions. The top
30 high-emission sections account for 24.38% of total carbon emissions, indicating a certain degree
of local concentration in carbon emissions of train operation. The segmented estimation method based
on railway alignment parameters can reflect spatial variations in train operation carbon emissions and

provide a basis for identifying high-emission sections and optimizing energy-efficient train operation.
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Tab.2  Basic statistics of selected sections of the up and down main lines of the Beijing—Shanghai High Speed Railway
L BeEBE BOE R km W il /%0 Bt 2k HE ARl km Mg ER/m B mEER/mm
I 7978 [-5.26, 591.0] [-29.93, 36.80] 2978 [-5.15, 590.80] [156, 12 000] (0, 175]
T 8 089 [-1.84, 591.0] [-29.93, 35.50] 2 804 [-1.79, 590.80] [200, 12 000] (0, 175]

TE: SRR AL B BOR T AR R AT I X BT S, R U BLARAR R AR I ZR e /D i ZE AR ICT 12 000 m BTSRRI L B 26

AEIH, ARG RIS

FAfEZE5, VAR HAT B 2 AU Re ik, w]
AN A TR 3 Bl S P BB LA
giaA2, R . TATIELAS
LONBIE B S i R B GETHNIE 1 R. aT LR
b MTIERPAE KESGE B LB, 1t
WIAIT T IX 2k it DN T 1A AP T 2RO 25 (AR A o =
wo MUGEBHCE, L. TATIELMERIT, 514
B AT I P R T S AN [RI R SR E T A 5 oK
s MHIZRBECE, b MriEKFEER AR
HHZEeioe, HZERHnEE S xbia 1T REFE MR HE Y 72

M B ST s BT R RO B RE, S 2k
MBS HTRA B . FATIEL A4
9000 050
| 7978 O BE Bk
7000
6000
<5000}
§ 4000
3000 F 2978 2804
2000}
1000 F
0
TATIEZ TATIELR
E3ill
Bl1 SPSESKESS ETTMTELELIMERNS
2 B H St

Fig.1 Statistics of gradient and curve sections on selected portions of
the up and down main lines of the Beijing—Shanghai High Speed Railway
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Fig.2 Gradient distribution along selected portions of the up and down
main lines of the Beijing—Shanghai High Speed Railway
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Fig.3  Curve radius distribution along selected portions of the up and down main lines of the Beijing—Shanghai High Speed Railway
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Tab.3  Summary of estimated train operation results for the up and down lines
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Fig.4 Comparison of cumulative carbon emissions between the up and
down directions of the Beijing—Shanghai High Speed Railway
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Fig.8 Pareto chart of the top 30 high-emission sections
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Tab.4  Identification results for typical high-emission sections
s A1 B HEM Am K HEBYkm KBEKEAm % MR Rm BORHEUKg B HLRRBRHER (kg/km)
1 A7 561.111 569.361 8.250 7.6 — 75.37 9.14
2 T 561.111 569.361 8.250 7.6 — 75.37 9.14
3 A7 541.400 545.400 4.000 9.0 — 43.03 10.76
4 T 541.400 545.400 4.000 9.0 — 43.03 10.76
5 17 537.119 539.520 2.401 9.0 — 25.83 10.76
6 1 552.009 554.141 2.131 8.8 3500 22.48 10.55
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8 TAT 588.447 590.803 2.355 72 4000 20.48 8.69
9 A7 588.447 590.802 2.355 72 4005 20.47 8.69
10 A7 554.161 556.061 1.900 9.0 — 20.44 10.76
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