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Abstract: Climate change is one of the most significant challenges facing the world today, with green-
house gas emissions from human activities being a primary driver. Precise evaluation of these emis-
sions is crucial for achieving energy conservation and emission reduction. Urban underground transpor-
tation infrastructure systems, which help alleviate traffic congestion and expand urban green spaces,
play a key role in achieving energy conservation and emission reduction. However, there is currently
no method for calculating the carbon footprint of these systems. This study addressed this gap by de-
veloping a carbon footprint calculation model within a full lifecycle assessment framework, specifically
for urban underground transportation infrastructure. The model established a methodology for carbon

emission calculations, which was then applied to a case study to analyze carbon emission patterns

» W He B HA:2024-05-28; f& B B # : 2024-09-09
ESTE b E R B w8 003907 b SRR 5 IR & R s F T (2022-XY-76) e B
ERE A B AR (1977—) 3 38 S il . EZN TG L ST R TR A ATSE
E-mail:dechun@bjut.edu.cn
WBEMEE: TERE990—), 5, 8082, WS 1. FENFE M T2 3% 2R % S0 8UE 7 i ir ot .

E-mail:wangguosheng@bjut.edu.cn

1231



- . . .
across the system's lifecycle and at various stages. Tailored recommendations and measures for energy

conservation and emission reduction were proposed based on the distinct emission characteristics of

each stage.

Keywords: underground transportation infrastructure; carbon footprint; full lifecycle; calculation meth-

od; energy conservation and emission reduction
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Fig.1 Carbon emission process of urban underground trans-

portation infrastructure systems over the entire lifecycle
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Fig.2 Carbon emission distribution in the materialization

stage
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Fig.3 Threeend carbon emission system during operation

and maintenance phase
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Fig.4 Schematic diagram of the entire lifecycle of underground transportation infrastructure
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Fig.5 Schematic diagram of a road renovation project

in Beijing
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Table 1 Carbon emission factors of common building materials

HEBE 2] e HE A 7
KR/ (kgCO,eot ) 668
K/ (kgCOLeet ) 2190
REWHM2.5 224
IRA I M5 236
REWHEMT.5 239
A/ (kgCO,eem ?) RATHK M0 234
KK M5 165
K Je b I M10 200
K PeRb I M15 232
KR I 1:3 277
WK M/ (kgCO,eom ) REWHK1:3 285
ARBH1:2.5 342
€30 297
, C40 326
TREE 1/ (kgCOeem ™)
€50 353
C60 411
Pk ) 2701
WL/ (kgCOLet ) rf N R 2137
ELA W 2 246
R BE 11.142
i 11.782
B/ (1CO,et ")
skl 12.492
BB A 11.87
B/ (tCOLeet ) 1.113
P %/ (kgCO,eem ™) 14.28
KKt/ (kgCOLeet™) 119

MiF2 BEREHAXMBAEREF

Table 2 Carbon emission factors for different modes of transportation

BRSGhI R (R E 2 O 0.286 BANRM B EEm(RE2 0 0.334
Hr AL S 4T A as (AR 8 0 0.179 ARt E s (B E S v 0.115
A S8 BT 42 05 (30 10 ©) 0.162 ARG 405 f (30 10 0) 0.104
A S8 BT 4 05 (30 18 1) 0.129 EAVR AT A8 i (B 18 1) 0.104
AU S8 B 4 05 i (30 30 ©) 0.078 ML P Is 0.010
A S8 BT 4 0 i (30T 46 ©) 0.057 WAL 4 12 i 0.011

1243



MR 3 E IR & 5 A i 1) A HE A E T

Table 3 Carbon emission factors of common machinery and equipment per unit time

ML 45 F ks A5 e HE B A
IE 75 kW 21.94
J& A 2 HE ML/ (kgCOLesh ) %105 kW 23.61
)% 135 kW 25.94
J& S R AR B/ (kgCOLesh™) SHEREO6 15.08
A& 1m 24.46
XA FEHL/ (kgCO,esh™) BT .3t 9.65
il 2.5t 17.23
JE S FTRERL/ (kgCOLesh 1) i i 3.5t 18.62
whil i 5t 20.94
FERE/(kgCO,ech ') RE 4t 9.29
71400 t 21.73
A FXE AR FEHL/ (kgCO,evh 1) Tt :800 t 22.37
711000t 22.49
FEAF A FLAL(32 mm) /(kgCO,esh ) 27.07
A1 3075 5201 (250 Nem) / (kgCO,esh ') 2.20
HEZ- /(kgCO,eh ') 11.51

JERIHL/ (kgCOLeem ™) 3 569.05

Il 7 it H, g / (kgCOse (kWeh) ) 1.058

F % 4

R R HE R E T

Table 4 Carbon emission factors of fuel energy

LS BRHEHCN 7/ (kgCOe(kg B m*) ) R BHE R T/ (kgCO,ex(kg 5 m*) ™)
T 1.834 J5tih 2.983
VEAE M 2.311 R 2.917
TR A7 0.730 S 3.107
R 2.733 43 3.107
FEAP R 0.625 Ay R0 3.167
PR 0.824 8 ¥ I 2.986
PES 1.152 A 2.893
HoAp < 0.195 T 3.111
WA 2.222 VaRliiMik: 2.707
KRR 2.115 FER(iIE 2.656
WAL RIRR 2.802 WAL IS 3.094

MRS RERARIZER R A4 B R B F

Table 5 Carbon emission factors per unit distance for different fuel types

ER ]l i HEL R T/ (kgCOLeskm )
PRI 0.264 5
5 3h 7 0.369 1
HHIRA % 0.220 8
KIRAE 0.1115
4l i B0 42 0.149 6
FEFG 4 0.1196
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