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Research on Carbon Payback Period of Urban Rail Transit Project
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Abstract:In order to study the environmental benefits of urban rail transit projects brought by carbon emission
reduction, construction and operation data were integrated to construct a carbon payback period calculation mod-
el for urban rail transit projects. Taking 5 rail transit lines in Changsha city as the research object, based on a
reasonable forecast of future passenger traffic, the carbon footprint changes of these 5 lines during construction
and operation from 2014 to 2050 were quantitatively analyzed. It is found that the urban rail transit project has
significant carbon emission reduction benefits. All five lines can fully recover the carbon emissions of the con-
struction stage by 2050, and afterwards, carbon emissions trading will also generate positive benefits. At the
same time, it maintains that the carbon emission reduction benefits of rail transit projects are directly affected by
the saturation of passenger traffic.
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Tab.1 Carbon emission factor of main consumable material

C ial Wat {
Ttem ommercta Steel & erpAroo Water Gasoline Diesel oil Electricity
concrete material
Carbon
o 278.8 0.49 4.65 0.91 0.81 0.86 1.088
emission factor
u TR THFE R BB R 2 , I X BT 15 #E 19 45 Fh R IR B JF
El: Z gtlx ( 1 )
=1

B R B BRI A g RS w R bR
T FE S 51, 50 x Pl AARERT B 1 B HE R 50
FHEHRIE
2.1.2 it T B BEm AL 3

Jith, T B B Atk A2 35 43 Sy A SRBA R AE J i ok i
A B RB 30 e A R v AL A B AR 3
Tith T By B S s R B, R

1) 32 %o Rl F2 300 3 i o R e A 3 i AR
Iz i ok AR b A AR AR S B R R T 2 i
I8 H T AR B B 3 B A R R AR S R K
Risg it Y, RETVYRISER 171 A8, 28
P63 o R v A R T R R g I B 29.26 kg

Ey=mx171x29.26 (2)

2Ly 38 i R 0 B A2 38 5 32 A R A R
Fii ,t,

2) il Tk AR 0 it AL AMORS 2 30 T S A b i
B TE A A e AR R R TR MR 454 T
FEABLIE TRE =803 HEAT 23 M SRS AR 4 i T 2H 41
TR TR o 0 A B At AL S 3E,
R (4 it AL £ P 2 G A ) A5 R 2R AL

o328; d e e AR I A HE A IR 3 (68 R A5 H it T B Be i
LIRS U

E22: z mxk)a;ay (3)
x=1

Ao By it Toak B BT it T ML B ) Bl T
m, R ES x BRHUAR 0B sk, A« FRALBR T
FEM) y PRV ;o 55y iR VR 19 il HE A
2.1.3 AR i R B B Bl 3

Pi:%a B e 4)

pi=k (E\+E,) (5)
Ko, WEEARLH (1 52 HE B B B TR L 305 ;&
R BB I B TE R A, RN BR R A AR
DAAI ) H Al 38 £ 4 1T B8 7= AR I e R, AR 46 S
BRIIS|PTHCZ B0 1.02;¢, 7 @ ZRIK K o 0L
BIE R EL,B N TOMEIE REL, 575 45 4 i 1) it T4
SR o 7 O I VT A R A 2 G 104 28 1 ) B 22
Bl 1.2 A1 1.0, X TAEAE R 2R X ] 1 £ i B B
I9AE 1.25, 5 WH 1.0,
22 IEEMEMNEREITNE
LI 22 A Yy B R I 3 B T L R



80 R Z WK

R 2022 4

0 P R B 2 953 JRL %5 9 2R 96 ) 3B R 4 0
I T R A B SR i SR AR B
B B S B A8

1) BT G, AR 4 b i IR 4 —
T 7 R 22 R % 5 5 B R )
0., 7 3 BB 2R 496 1 B 30 5 B B — i R )
4 A T 2 D 46 0 R R BB R T 2 1 B
i,

2) IR R G RS R S T R
b 2 A AL 2 9 2 AR 2 9 2 O
) B AR R L T B 2 9 2 e 2 9 2R 4
1 XL 2 T T 4 R R B U 5 A B A
i

3) AR G, KRR A T A
BB BT (Pl T 2 S 1 1 7 T 22
W 11 S BB T BRI ), T AR 17 I 5 A 3k
P B S

WAk IR RS 8 NS I R G B
395 1 B8 30 24 44 ) B 0 G IR T A
8 B R ) R HE B T B 0 B B 1
[

23 WHHEXZEDENEERREITS E MR E
mEENE
HRA B 404k B AR R, H AR 4R I H AR AF 1Y
SR Al fE 30 5 R AR R 3 2 (B T A 5K
0=P;-L; (6)
Arfr.0; By i LREEEE A B SEBR AR AL T 5 R FUL R
SR Z 25, Py N i SR jAE I S PR B s Ly A
iR A R KL T B SE R A ST AR
TR T HEZB RS, HEWAE5ER
200 kW, 1 52k &E Hiz B ifE A 16.5 h, Az Tt
KN 45 min, BERE 7 min & 4, B SRR RKET
T FEHL & 42 300 kW -h, 45 A L 7 B HE R -, T 45
1 SR AR SRR R R B R A 2k PR A
KSR BAT M I 2 SR ~5 SR IR EERE
MR, AN 2 BT,
SEBRBR L A TR A AR
Py=l, (7)
Aol S B BRHE R T sy Ol RS AR
[ FE L
w;=Tx365 (8)
KT B HFEHR &,

x2 KIPTHEXRBEITSHRBREBER

Tab.2 Changsha rail transit operation parameters and daily power consumption meter

Line Full lenghion. VLT imetn times b consumpion (1-)
Line 1 23.55 7 45 282 42 300
Line 2 26.38 6 48 330 52 800
Line 3 36.5 8 64 248 52 906
Line 4 335 9 60 220 44 000
Line 5 225 9 41 220 30 067
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Tab.3 Actual passenger volume of Changsha rail transit (ten thousand people)

Year Line 1 Line 2 Line 3 Line 4 Line 5
2014 - 6 752.50 - - -
2015 - 6 945.95 - - -
2016 7 628.50 11 899.00 - - -
2017 8 942.50 14 089.00 - - -
2018 9 709.00 15 001.50 - - -
2019 11 697.48 17 799.03 - 7 788.24 -
2020 9902.51 14 555.02 7 237.96 7 388.96 4 610.19
2021 11 992.12 16 910.64 7 791.36 8 549.04 5322.08
x4 KIOPTHEXBENTMNEESE(AAN)
Tab.4 Forecasted passenger volume of Changsha rail transit(ten thousand people)

Year Line 1 Line 2 Line 3 Line 4 Line 5
2022 12 754.59 18 431.65 8 344.76 8 669.54 6 033.97
2023 13 517.06 19 952.66 8 898.16 9 049.94 6 745.85
2024 14 279.53 21 473.67 9 451.56 9 430.34 7 457.74
2025 15 042.00 22 994.68 10 004.96 9 810.74 8 169.62
2026 15 804.47 24 515.69 10 558.36 10 191.14 8 881.51
2027 16 566.94 26 036.7 11 111.76 10 571.54 9 593.39
2028 17 329.41 27 557.71 11 665.16 10 951.94 10 305.28
2029 18 091.88 29 078.72 12 218.56 11 332.34 11 017.17
2030 18 854.35 30 599.73 12 771.96 11 712.74 11 729.05
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Tab.5 Carbon footprint of rail transit construction and operation in Changsha

Line Construction Operation
stage (10 000 t) stage (10 000 t)

Line 1 66.963 467 43 0.583 626 897

Line 2 75.010 457 36 0.671 170 932

Line 3 103.786 265 9 0.700 352 276

Line 4 95.255 887 86 0.729 533 621

Line 5 63.977 835 13 0.525 264 207

F 6 KD AR IR R 5 AR
Tab.6 Carbon footprint of rail transit in Changsha

Year Line 1 Line 2 Line 3 Line 4 Line 5
2014 - -0.946 0 - - -
2015 - -1.033 2 - - -
2016 -1.402 0 -3.267 5 - - -
2017 -1.9311 -4.255 4 - - -
2018 -2.239 8 -4.667 1 - - -
2019 -3.040 6 -5.929 0 - -2.711 4 -
2020 -2.31717 -4.465 6 -24175 -2.4827 -0.573 8
2021 -3.1592 -5.528 2 -2.762 9 -3.147 2 -0.847 6
2022 -3.466 3 -6.214 3 -3.108 3 -3.216 3 -1.1215
2023 -3.773 3 -6.900 5 -3.453 17 -3.434 2 -1.395 4
2024 -4.080 4 -7.586 6 -3.799 1 -3.652 1 -1.669 3
2025 -4.387 4 -8.2727 -4.144 5 -3.870 0 -1.943 2
2026 -4.694 5 -8.958 8 -4.489 9 -4.087 9 22171
2027 -5.001 5 -9.644 9 -4.835 3 -4.305 8 24910
2028 -5.308 6 -10.331 0 -5.180 7 -4.523 7 -2.764 9
2029 -5.6156 -11.017 2 -5.526 1 -4.741 6 -3.038 8
2030 -5.9227 -11.703 3 -5.871 5 -4.959 5 33127
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Tab.7 Carbon recycling years of 5 rail transit lines in Changsha
Line 25% recycling year 50% recycling year 75% recycling year 100% recycling year
Line 1 2024 2028 2031 2034
Line 2 2020 2024 2026 2028
Line 3 2028 2033 2037 2040
Line 4 2029 2035 2039 2042
Line 5 2031 2035 2039 2041
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Tab.8 Carbon emission reductions and benefits of 5 rail transit lines in Changsha by 2050
Ttem Line 1 Line 2 Line 3 Line 4 Line 5
Carbon emission reduction/(x10 t) 219.96 449.29 213.84 166.73 139.89
Carbon emission reduction benefit/(x10* yuan) 4 643.45 11 359.38 3 340.13 2 169.24 2 303.93
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