HREISE - B 375 B 14 200442 A FARRNY <«

doi: 10.3969/j.issn.1672-6073.2024.01.013

AT ERAAKERBG L L4 B
2% HE 2 T

Egpsd', OB, BAE, THE?, MaEL TR
(1. W R2AESA 2B, b 100084; 2. dbaimi i B LRI B A IR A A, dbal 100084)

OB AERURR MG (0 R SR N, R A I 4 A o R B HE BT A AT, S B A R R O T e s
IR TR IRV L B RO ) R $I%T%Emﬁiﬂ%%% o} BUTE RS T A2 A R IR HE TS AT 4
M7, FRAL T HEATW AL A A BRI BOT EE R, Jf R B Ak 2 e A e AR A A I R B
JicaEE . R, F g BERIZ B B 0 BB A AT, VAR RBP4 81 km A Bk £k %
MEAT B T 5, 49 B W BU b HE B o 257 U t COzeq, BEWEB R 5355t COzeq/a, 50 4FIEE R I A
TR 524 7 t COgeqo T BEAT I T T AR AR} B Tt 45 44 T 98D B HE L 7% 18 B B B g R 2 Fil
REBRIAE IS, AT BB 27%; SO SRS BRI 0 BT 17%. AR RS S AT 8 4 AR i R B HE TS
ERIHETR SR N, WA RO 2088 5 LA S A I S Sk G R b e 2 L S0l 8 T BB 0 . o
5%,

REEIA: IRTTPOERSE; A RN BRHESG SR AT

hESES: U231 XERFREED: A NEHRS: 1672-6073(2024)01-0082-06

Whole Life-cycle Carbon Emissions Based on Actual Metro Lines

LI Xiaofengl, WANG Li', LUAN Chengzhil, YU Qiuyanz, XIE Jianhua?, LUO Chengzhao2

(1. School of Architecture, Tsinghua University, Beijing 100084;
2. Beijing General Municipal Engineering Design & Research Institute Co., Ltd., Beijing 100084)

Abstract: Under the major strategic deployment of a dual-carbon strategy, studying the whole life-cycle carbon emissions of
rail transit and reasonably quantifying its carbon emission level is essential to achieve peak carbon and carbon neutrality in the
transportation sector. Based on a new metro line in Beijing, this study analyzes the whole life-cycle carbon emissions of rail
transit, establishes a carbon emission calculation model for the whole line and the whole life-cycle of rail transit, and quantitatively
calculates the carbon emission of the whole line and the whole life-cycle of the new metro line. Carbon reduction measures in
the construction and operation phases are analyzed simultaneously, and their carbon reduction potential is quantitatively assessed.
The carbon emission calculation for the 81km long new metro line yields a carbon emission of 2.57 million tons of CO,eq in
the construction phase, 54,000 tons of CO,eq per year in the operation phase, and a total carbon emission of 5.24 million tons
of CO,eq in the 50-year operation cycle. The use of renewable materials and prefabricated structures in the construction phase
can reduce carbon emissions by 7%. The use of comprehensive carbon-reducing measures in the operation phase can reduce
carbon emissions by 27%, and the carbon reduction potential of the 50-year operation cycle is 17%. The establishment of the
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model has guiding significance for the quantitative calculation of carbon emissions in the whole life cycle of urban rail transport,
and the research results of the carbon reduction measures can provide a reference for urban rail transport to achieve a green
and low-carbon transformation and carbon peak and carbon neutrality in the transport sector.
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Table 1 Carbon emissions from inter-district line construction
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Table 2 Carbon emissions from metro station construction
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Table 4 Energy consumption and carbon emission
results of new metro lines
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Table 5 Carbon reduction potential for station

operations across the line
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Table 6 Results of carbon reduction potential analysis for the whole line

4 4 B BB bl PP BB Z
=gt dingd — 256.88 7 t COeq
o ) £ 7] 3.44 7 t COqeq/a
g g2
St 1.91 7 t COseq/a
3 5

ARSCHETF A Ay FIAES, TR T BB AL
WL, A R BRARBOT R, I st
TACR R Bk e ik A 2k . Ao S B R HE

1) THES R R, b B sy 257 J1
t COseq, EEM BN 535 11 t CO,eq/a, 50 4
178 B R ERHECR N 524 77 t COseq. [AII), X
W BORIZ S B B B et i AR LB 2 A, e i vh B
B 8 )7 o e B A m) AR A ORE R g TR
7%, ZI017.1 )7 t COseq; 1BEMBLLEA R Z R
REPRBRAE M IS, "I PRAR 27%, BREEJ DAL 1.43
Ji tCOyeq; 50 a8 AR ) St 17%.

2) T S bR e b R R, R )
THEBUEACIE A2 2w FUIRRHE, I e sorlh I
Beetcds 7 o AR BRI S, AT AR SCER AR ) 25
RUATE B SHOEN /BB B, el e st Ha %
A5 | RS B (W REFE S s, SRl & B

DR A 12 S s TR A TR BB B, H AT G
o 1 2k 2 Ve B B PR e HE TSR AT SRS I T B [
N B S A T B B AR AN A Je 2 i o ST
ek A ek — i .

86  URBAN RAPID RAIL TRANSIT

T B8 4 7 BREETRT W%

TR ) R AR X T 49 ALAR HT R 4.7
iR BT AE 0.3
RBHAAZRBE 5.8
T B AP A F A s
(coefficient of performance, COP)
RBHDIPA IR RO 4.0
AR IR BA 2 B 55 12.5

T b JG B E A E Ve % 711%

239.78 77 t COxeq 17.1 77 t COzeq 7

2.60 77 t COzeq/a 0.84 77 t COseq/a 24

1.32 7 t COzeq/a 0.59 7 t COseq/a 31

S 3

[1] #f4e4t, PPk BERX T EHLE T MR
I AT AR iK% P e TAE# Z JL[EB/OL]. (2021-10-24)
[2023-02-03]. https://www.gov.cn/xinwen/2021-10/24/content
5644613.htm.

[2] B3R T E G A P B3R T AL 2R A H R
K #R%Z[EB/OLY]. (2020-03)[2023-02-03]. http://bim.crec.
cn/zgztbimmh/10117447/10170593/10179887/202109130
9240863852.pdf.

[3] FR3wrm, Rk, Ak, F. IR HUE SUE A 4R sk HEA
3R E G AR AT IT[)]. SRaEARAER AT, 2022, 66(5): 1-7.
CHEN Kunyang, ZHOU Ding, SU Yuehuan, et al. Research
on carbon emission intensity and reduction potentials of urban
rail transit life cycle[J]. Railway standard design, 2022,
66(5): 1-7.

[4] Malavasi G, Ricci S. Whole Life Carbon Footprint of the
Rail Industry[J/OL]. [2023-12-21]. https://trid.trb.org/view/
1082748.

[5] MORITA Y, SHIMIZU K, YAMASAKI T, et al. A Study
on Greenhouse Gas Emission of Urban Railway Projects in
Tokyo Metropolitan Area[C/OL]. 2011[2023-12-21]. https://
www.semanticscholar.org/paper/A-Study-on-Greenhouse-
Gas-Emission-of-Urban-Railway-Morita-Shimizu/5b7afda
a96d8dcfe47284d7d4019a9804ed2ed6f.

[6] 44&%F. AT LCA #3uid 3l % 3k s Heak o #7[J]. 6
TR EE, 2022, 35(5): 16-21.

QIAN Shengze. Carbon emission of rail transit station based



(10]

[11]

[12]

[13]

[15]

[16]

B F LIS LE B HI 2 7 SRR A5

on life cycle assessment[J]. Urban rapid rail transit, 2022,
35(5): 16-21.
BH, RIT, HARE. WBOEES A A G R s HEAT
R VAR5 E 3 sE ABI[)]. A ZF, 2020, 41(S1):
329-334.
QIN Ao, YUAN Yanping, JIANG Fujian. Research on life
cycle carbon emissions of metro stations: taking a station
on Chengdu line 3 as an example[J]. Construction economy,
2020, 41(S1): 329-334.
FAHE. Wik £ TRMAH BN 2SR
M[D]. 7 M deHFE T KF,2010.
HUANG Xuhui. Carbon emission measurement and redu-
ction analysis in the embodied stage of metro civil engi-
neering[D]. Guangzhou: South China University of Tech-
nology, 2019.
F AR, RF, B, & AR IRFL Y iR AE &
WAL B AT ORI T ABIT]. I LAZ, 2022, 40(5):
184-192.
SU Yuehuan, ZHANG Yu, DUAN Huabo, et al. Research
on environmental impact assessment and emission reduction
potential of metro construction: a case study in Shenzhen,
China[J]. Environmental engineering, 2022, 40(5): 184-192.
B, PR S S S A sk R G A R
FHv A £ 2 HT[D]. LT LR K, 2015.
HE Xiaotong. Calculation of carbon emission and analysis
of main influencing factors in the construction of open-cut
stations in urban rail transit[D]. Beijing: Beijing Jiaotong
University, 2015.
I by, HIeHE, E4E. B JE M R E A0 U ek HE
AATESMI]. EATARL E 2 IR, 2019, 36(3): 12-18.
WANG Yousong, HUANG Xuhui, YAN Hui. Quantitative
analysis of embodied carbon emission in metro shield
tunnel[J]. Journal of civil engineering and management,
2019, 36(3): 12-18.
LIU Minghui, JIA Siyi, LIU Xuan. Evaluation of miti-
gation potential of GHG emissions from the construction
of prefabricated subway station[J]. Journal of cleaner
production, 2019, 236: 117700.
e F, I3, B, ORI E(].
A 54k, 2011, 31(12): 3551-3558
XIE Hongyu, WANG Xixiang, YANG Muzhuang, et al.
The carbon emission analysis of Shenzhen Metro[J]. Acta
ecologica sinica, 2011, 31(12): 3551-3558.
BE2L kb, Bk F A TAGAPGHIE R
B REAL S AR AT[]]. BA 5 R, 2015, 15(6):
290-294.
ZENG Xuelan, XU Weijia, GUO Shaode, et al. Analysis
of the energy consumption and carbon emission of the rail
transit based on the life cycle assessment[J]. Journal of
safety and environment, 2015, 15(6): 290-294.
i de, FK, DA T HE GRS B AR HE AT
EAFR[)]. TMEERFIRA KZFFR), 2011, 6(2): 1-11.
LONG lJiangying, LI Yan, MA Long. Research on carbon
emission calculation in the process of urban rail transit[J].
Journal of Guiyang University (Natural Sciences), 2011,
6(2): 1-11.
P AEA R A0 B ek & AR, SRR

[20]

(21]

(22]

(23]

AR/ GB/T 51366—2019[S]. Jb7e: P EAEML T LR
MAE, 2019.

o E R A BB IR T A S 2021 R B st
Fo pATARAE[R]. AL P BIR T HLE L B4, 2022: 35.
SU Ziyi, LI Xiaofeng. Sub-system energy model based
on actual operation data for subway stations[J]. Sustainable
cities and society, 2020(52): 101835.

AR A B A SRS, K THIF 2022 F 4 kiR
T AR AR E E AR F 5 T AE 698 4 [EB/OL.
(2022-03-15)[2023-02-03]. https://www.mee.gov.cn/xxgk
2018/xxgk/xxgk06/202203/t20220315_971468.html.
REGR, Bk, FRR, & K THLE M T AL
IR B AR EDRCIABTRO[T]. 4 AR SGE R FER, 2022, 392):
77-85.

ZHANG Yuebin, YI Xin, LI Shuangshuang, et al. Research
on carbon payback period of urban rail transit project
based on carbon footprint[J]. Journal of East China Jiaotong
University, 2022, 39(2): 77-85.

LIU Minghui, JIA Siyi, HE Xiaotong. A quota-based GHG
emissions quantification model for the construction of
subway stations in China[J]. Journal of cleaner production,
2018, 198: 847-858.

Lk e, AP, AR E 3R R4 T Lokt A2 A
o3BT R[], LA, 2019, 40(5): 64-68.

MA Jinghua, CHENG Yaping. Research on the influence
of different construction methods on the project cost of
subway station[J]. Construction economy, 2019, 40(5): 64-68.
B KT AR 6 T B SR T AR IR
HeaiEM[D]. b Ak Al K5, 2018.

LI Pan. Environmental impact assessment during the
construction period of urban transit based on construction
planning[D]. Beijing: Beijing Jiaotong University, 2018.
DAk, T AR B AREG IR T Sl A 5] £ B ATAT A AR
AR A[D]. Ao AT RiE K, 2014

FENG Jia. Train behavior optimization of urban rail transit
system considering energy saving[D]. Beijing: Beijing
Jiaotong University, 2014.

FAEAR A B AR G o ik & AR, SRS AT
7E: GB 50034—2013[S]. db7: P EEH AL RAE 2014,
Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Standard for lighting
design of buildings: GB 50034—2013[S]. Beijing: China
Architecture & Building Press, 2014.

HFe, Fuedk AR WR A E S ITGET
= QAT H[I]. AR BeAEEE, 2020, 33(5): 123-129.
SU Ziyi, LI Xiaofeng. Cooling load for ventilation and
air conditioning systems of subway stations in hot-summer
and cold-winter regions[J]. Urban rapid rail transit, 2020,
33(5): 123-129.

A ARG e B AR G Aok 4RI, AR AL
GB 50157—2013[S]. Jb7%: P E &5 Tk Rkt 2014,
Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Code for design of metro:
GB 50157—2013[S]. Beijing: China Architecture & Building
Press, 2014.

(%R%:. E3#%)

URBAN RAPID RAIL TRANSIT ~ 87



