Operations Research and Fuzziology 2% 50022, 2025, 15(2), 328-335 Hans X
Published Online April 2025 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0orf.2025.152087

Eh 3Z @ B HE T S

EAT I b Ek6 5 2% Ja i

&F L
MEEE TR TR, b

Woks H . 202542190 FHER: 20254F3H27H; KA HM: 20254F4H8H

HE

REEREHNHMEE., BmRAR, RERGRBT K" BRFRSAHELERBZ 5T, T
IEA T SIRHSE T B KB E RS “ k" BiRREmATiR. Fik, ASCENE L4 AR
¥, BEWHE T BHAER B RN HETEUS B (FE OF MR R ER EIC S04 T 2B B EE KRR
RIFEFH AT T R LN EZLWE T). £ CELEGEESERAFMIBERTL, KitH Itk
DISEM RIZ ARSI, HFRETHH N6 S &M B AL G AMNBHBER. HEERARERRE
XU B B B AE E B B PRI T b DA SERRIRHEI B BEABRAE 57 S AT B AT T T RSk
it

XK ia

WA E , LAY, B

Research on Carbon Emission Calculation of
Urban Rail Transit

—Taking Suzhou Metro Line 6 as an Example

Shifan Cao

Business School, University of Shanghai for Science and Technology, Shanghai

Received: Feb. 19t", 2025; accepted: Mar. 27, 2025; published: Apr. 8%, 2025

Abstract

With the increasingly serious greenhouse effect and the frequent occurrence of extreme weather,
China took the lead in proposing the “double carbon” goal and launching a national carbon trading
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platform, and the correct calculation of carbon emissions from urban rail transit projects is the
basic premise for achieving the “double carbon” goal. Therefore, this paper quantitatively calculates
the total carbon emissions of the whole process of urban rail transit projects through the whole life
cycle research method (on the basis of the existing research, the main carbon emission sources of
each stage are summarized and analyzed, and the important influencing factors of energy consump-
tion generated by the sources are analyzed). In this paper, the calculation method is effectively ap-
plied to the case by combining the specific case of Suzhou Metro Line 6, and finally calculates the
total carbon emissions of the Line 6 project in the whole life cycle. The calculation results lay a solid
foundation for the implementation of carbon reduction measures in the construction and operation
stages of urban rail projects in China in the future, as well as the entry of actual emission reduction
projects into carbon trading platforms.
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1. 518

Y TN IE RSB AE Y A SRS I B B R Ay, AT R RARBR AT RGECE RISl TR S8 i i
WA AZIE AR RIBLEJEBE, R SCIRE X7 HAR. SCOBRTH AR E T, o B R A A R AR
TR MRV MIRPASIE AR, EAATHE BT A EE AT BACRIE T . BORBE 2 1 K rh AR i
RV T BRI H e, AT ZEE T 3T 5l M 2% 1A 2%, 9 ot bR 7 3l @ we i R . SCE 1R,
AR KA 5] 3T RARBR HH AT, DR B — Pt e NS B R B A A S S A 5
2020 £ 3 H, (b E T POE S B B RN E) [2] I Y SR IR AT R 2 T Bt —
A IRE R AR AR B IS BRI A SR T7 18], T3 R B A5 AR S F ok S I RE R AP
IEE PRSI B, AT A R0 e A1 S e AU F T o R 17 BB g R 110 435 it [ Y 5 6 D 4 s B LR 0 H
B AP BRI BRHEBCR LA e AT A ROt HESl, RIS S IE T H AR T ST 5T H SR R
Kk

SERX—EE, HrAF R PSE R BRAET L C R BG T 2 R ERCR, TR T RER
TP ASCE AT TAR, W 7 2 MR R . X R TSR A R 2 Y SE Bt
Ol RTA PP B B HE O . B BRIA BT IT, W ABEE XA R TT ), A0 5 RO 2 oA
Ao FEWFFCTTIEIEFETT I, SCHR[SIAS T BRAFEGREE T8, EI0VE B T H Rk, B9 A R
BRI AR ARIAET . REURASHY . U R N B 2 BRI A R R A [P 2 KT e
TeiE I B AR H R AR HE R BR AR AR W, HORAEAE S, (HRSRZSERRN & 1F. EAb
HASC ISR AZ 8 I 7 iy IR SOt FE[4] [5], X BRHRICE L 0 PF AR T3 207 125 B R P SR i
MZH b fr gz . T SRENEBAR, EAH &bt UL LS R PT B 22 5
PRI FETT A AN BE e Al ], 75 B4 o B [ S B LAt Eewt e 5 R AT 1 3 A L2 BT o AE A i A
W7, HATOLA RO TR B, BRI BEAGS, KA R0 R — P B Sk Xk A
A fr IR GNE I IT . B BUZ AR BR RSO IBRE oR e 78 708 Bl i e B b 6 ™ A R
FEXTIZ S Iy BEREARAE B2 MR IR AT R o T80 70 W 7 MR A e AL ) H 50535, R BE 78 7075 18 S P i H
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MR ZRPEANZREE . Blhn, HBRERERACTE | 2ot iy REIR S5 A S5 IR 3R BRHE A S M AR TS 7 M AR
SCHR[B] [71% el b 47 R 300 H 9 R R st kst & BEAT B HETBOIT 70, 20 220 1 3tk a8 mp HLAh o 250 20 B T
J8o SCHR[8] [9]170 Al A GEtk Hh s B At 1 H AR AT Bl i B REAE LA A3 8 1T i ZE st 0y (AR DR RS, (HOR
K i Gk, =188 W B AR Al o SCHBR[10] B ARK 5 2 45 Al R T 7L, (B A P AR
B, R i i B BOMUEEAR IS & AT (i HE I

i b, HATEERPUIESSE T H A HRCE T R SR Z X g b MR TR, BT
ZHEP TR P BEGE X R B, IR IE 44 dr Y R BRSO AT R Gk v SRR A SRR ST
[, &4 A LB RIS AL A T SR D) SERI AT, W TR AT DA RS RIS A B 2 A&
NIRHFBOR I 3§ s 2%

2. & O RMRHRT HRE
2.1 BRHZELR

BHE TR B30 5 ik 2 2 TH SRR HE O R R AN 4, 28 SV A S B Sl I H AR i
B G RAREREZ AN . G E LG SCIR7IAWE TR, BRIASC R EZ R AE T HIH K
FEIE WY BN IZ E B BT T, 0 B B BOIAT T RILAC B . RRIB B AR 2 08 R I R DL
BRVEAYL, X BB AR RERE . BRHFBCEARAR . JEHRSCE X LI B S mH sk B L e, BRI
WEANTE o ISR BOR BRI T ZORIR, X BUHEBCE 250 R AR A e AE e, DA AT T
REFEH R RERTH AR I8 E B BN BRI I H KR BERTE R ARR B HE O 12 107 A e 3 v e ik
TEM o B W B HF s 1 LA 22072 5| DL Rl 18 8 P FEREFE RO TR FIF SR . AR AR SCHR[S], 4PN
B HEcR JE T iz g B R EFR AT A5 YRBRI BORLIE BRI B A IR B RO
AePE . H TR EPUESGE I H K2 AT s s E BB PREREY BURIBRHERH AR RN B A
HEBATCRE AN BUR,  FUASCERZ RN N 281X — A7 . SIS . 4897 USRI 37 A BR HEL
fEa A an A R G BERUINGEF S TE N T 5%), HUSREOHEAR L L I 18] 2 RN S AL ER R A 2 2 AR AR (U
Il T S A ) AT B R . IX - fRTALIE A OB L [ PR e L SRR T R AT SR B RAIE, JEH TR
ERHENAZ O BOE s . EERbr#ES % 1SO 14040 A AWV PR AE R L, 25 3R AT Bk E
< 5%, FVASKIY A7 sE IR, H AT R ARG RS R s T R A B 2, RO kAT
TEAR I B BOBRHE G A A YK 9%, 4E4 SRR A1t 4%, BERY TR AL 5 IR ZE A T 52V I (O i 22
<2%). HFHUESGHE UK T, B ZEHIE . AE AR T IR G 4 A I RN, A
SEAE A FERERY v i AL AL P

ARSI HE T S0 5w i I H IR B BORZ B B IR LR IT T FURI 5

2.2. BiEM B RRHER

WA A T H AR R i B B BB HE O 23 A AR AR PR B B 1S B B HE i DL R 35 H
FEVIACIR TS B AR e, i B B e v (1)
Cjz = Csc + Cys + th (1)

X, Cp, R iIE M By E M S B Cy Fo P AR AL B BURIBRHE IR s C  Fom T il
IR b B bR s C, RonAE G B P A AT B ™ A U BR HE TS R
PR B B TSR N 3(2) -

Csc:ZMiFi (2)
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A, C, RN BT R MRHE A= i R R M, RO | FRaE M BT FE R R |
P AR B HES R FEUE; n BRI R MR E .
R E B B HE SR N R (3):
Cy= nZJ: ML ;F;
i=1,j=1 ®)
X, C TGN MR E IS i R AR HECR ;. M RoR5 | M RN AE R, L ROoR S i A ik
FORER ISR § iz s AEE;  F 20K | Mg s sSURBRHER 7 n RoR T 2 AR AL
aE b B HECE A (4):
th = Zn:Q. Fi
@
A, C,, R BIEMEHEA IR A B & e s Q, Rl | Mhaeii i FER; FRE i fiae
PEEIHE A 750 n FRoR EER MRS E .
2.3. BEMEERHE
I8 AZ @IS E M B R S e a B S P RIS AT AN 52 s, 18 W B ik

& RA(5):

ny = CcI +Ccz (5)
X, C,, BRIz BEW B EHSE; C, Ron B T ™ A flbscE; C, FRonFubiz B
7 A B BRI

(1) (HEZRESAFRIER) 36 0 s R 2 h 2 M AU, W R B AR s AT
B, AT, B TRERESEM R R, FMiatT o™ 4 sy 2(6):

C,=MxNxDxTxF ©)

s, Co B AEME FIN FP R B, M AR BRI RE AL, 909 KWhikm;
N ARFRIZE M EWEE, B85 D RREMSITERIENKE, RO km; T REREHHT RIS E W
KB, AN hy FARRETRIZAT B FER) s 6t BB T8, SA7A kg/kWh, X 2S5 [
€ T AR AT B -

(2) R3S TR M REVR £ 22 s IR A & mRe iR, R UL AR B AN 1R F it R eV FE M 2 RE TR &
AN RE IR BRI F Bge HE SR T SR T H 2R s 8 BB . R 8 B AR 1) 3 R A R
WRGHH . B RGHR. B A S R, K iEE RS S 40%~50%,
P T bk ol 7 4 5 0E S SRR T, S A BERE o5 LU TRBH R 45 L 20%~30%, A5 IE R B 5 5 AT 46
HLBA 5B 5 LG 10%~15%, HL e VT B BRI S AT RRAE 35 o B DA b =3 2 A kel 12 8 T B e FIE
W R ZAKIR, BT HRMS BN &8 E R, g6 camatdsgsie, HREn
(R HE T B 2 s AL B

iz E W B HEC R 3(7):

C:cz = Cac + CI + Cet (7)

X, C MIERE R ARG AR C VMBI RS C, bk i H Shik bl R G HE iR -
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3. Rplotr
3.1. TEEN

SN R NI R, Sl E R HUE S R, IR MR e, FiiiE
Ko AICEIFIN AT A BAR TR FUR B, 1Bl ek 6 5208 B hrokib AT 44 fin Ji IR R HE i S0t
Foo TRMHIEL 6 T AR TN S E LA IR, 2R AH OGS Bk B 5N T EE A liE E 7 A
FATE s fm, 6 584kt at 36.12 ToK, JLiE 31 M4ul, CFHEDy 30 4, SEHHRY
6.19 J3-F U5 K(A S ZREL) o BRI TR MIMIER 6 52k A i A WIBRHERU T 550, R LMoy i i i Be iz
B B AN R 4

3.2. EiEMBREHROTE

ASCRAE TR R 6 5 2R K 8 b &% it T B (0 7 A 4l X)L S 48 2l ) () “TRHS A B e 8L
B S H B A5 B A T B A REER . 5N ek 6 S2kT0 B b AAAFEM LR 2% (M N TAERh
KEARMIE) (GB50108). (VR #AE L L5 M BT YY) (GB50010) S5 AnE . AHF 2405 RN 5 AR (FH T 23
MESL ., BEEATR), BUEAN(H TH SR E), FRPR & &M T FEE I ER), AN 4R (T gk
i) KV BB A K YE LR FhK 8, TREE L7 C30-C50 88 i gt I r 2 i IX [ i F 784 5
C35 Vit b, ZEuh @ P TAR A C40 JREE L WA &4l E BHEN) AL B B (A 7). A SCE R Y d@ it
SR T T B (it B BT A F A R RS S R &, 08 T IR Mk 6 5 2R T I 42 B IX ) 26 % 4R
MG S8 @i f2 His itk BRI S A BT B - SRR St .

N T R A R I S rT S, A SO ) R SR A P a8 DL it T R R
FERURIRIE T (AYR=RIE R ImEIERE) KEAIH RS . BEMBITY LS. Kb kB
JT %ot 7 AR B HESCR 7 2 FR 3R [ R R e T 2011 S0 OR AT Gl ¥ B AR - 50, B4 A6 7= (R R HE
K7 2712 kgcoseqft I3 I E 5 K 202 R AT W AR AR o 3 35 4 1) 48 P 04T B VR T 4 1) 95 B BB 2%
(IPCC2006 F H il = S MAG A ) dmffil, HEBUHE T2 IPCC $& 36 — AR HE U S 57, 2
H AT 2 B 753, DTS AR A HEUE 7 B SRR E i HE O B R HE S A A . WE A H T
P8 ORI IXINAE T 3 A AR R HE S R AN [, AR 4 A mE T A PR B R AR T R R
[ EAF AT SO 1, BN R AR IR T FE ARG

3.2.1. MHREEME
TR TR RS A R H BT AR R R, R E L.

Table 1. Material consumption and carbon emissions

1 MELERERGHINE

M BicHEBAE 7 BHE R
WAt 362,951t 2712 kgcozeq/t 984323.11 t
TRt 2,226,161 m3 327 kgcozeq/m? 727954.65 t
WA 254681.08 t 2.35 kgcozeq/t 598.50 t
KV 374,160 m? 939 kgcozeq/m? 351336.24 t
At 2064212.5t

3.2.2. MRS
T H B A 0 25 SR SR RHE S S R v (18 R d s s AR, 455 AT H B AR B BT B (Z
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Table 2. Carbon emission from material transportation department

® 2. MRLTHERTREE

EHE BT

HAHA 10 km 89.23t
TR 40 km 5789.78 t
WA 30 km 739.23 t
K 20 km 256.57 t
Mt 6874.81t

3.2.3. BEMLMER
PRSI B AL RE A, RETRTY FE (R R T o SRR AR HE O 5 75 B4 A REVR T FE 2 RUAR N 1 ik
Hem k7, BARBRHERCR I 3,

Table 3. Carbon emissions of the construction materialization department

3. BEYMLERIIRRHS 2

eV FE BrcHE R 7 BT
geuh 37999477.48 kg 3.06kg cozeq/kg 116278.401 t
TR 2084533.07 kg 3.15kg cozeq/kg 6566.279 t
H1L7J 227605382.91 kwh 0.7035 kg/kwh 160120.387 t
Rt 282965.067 t

3.3. EEMBRBHRITE

3.3.1. FWIBIT
AR o [ 45k T B A @ Wp o AT O T UE SR FE Gerh o frdi s ), sl a8 42 A B A
FLAEFE N 3.73 KW/h (3.73 FE/E A HL)s R T3NSR 6 54 H N A/RIZE FI E R 45wy 30 5il; 6 548
SR EK AN 36.12 km; FRIEERADNR F 6 SAEM 11 Sttt 17 AN B BN PR K
i CAPR =R BB TR R ) PR HIX 4 — bR rHEEUE 0.7035 kg/kWh.
g bra(6), THEAS M IR MIHER 6 SR IS AT IR 48.34 VK . R AFIBAT, W—H4E
BRHE R N 17644.1 t4F .
332 ZEUEE
(1) Hukmh & VR T i HE O B R I S T R R RERERRE SR, W I P K M T B
PRI FE R AR S I TR AT AT R S I S A AR TR R R, iR N (8), REFEE N (9):
C, =E,xEF (8)
X, C, IR WMAG PAIIARHAE; E, RRTHAZMBE; ERERE | MARSKRIEEN
XoF I8P LD BRHETSCER 7 (kg CO2/kWh)
E, =ExSx24 ©)

X, E, BT HRGHAHFER: E AR H RS & (KWh/m?); S AP 420k 2 AR (m?) .
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TR 6 ‘54 RS 6.19 J5-FJKR(A & 4R, MRAEILA R FE[10], = AN 15 m? AR 23
VAT 35 75 AR 160 W LY, BRFJ7 KIS IR TE #6160 W/15 m2,

TS Hb R 2R B A AE TR IE 7 18 5, 1278 B Bk 25 356 11 REFE N 15846.4 KWh/ K, 5783936 KWh/4:,
WeHERCE A 11.15 /K, 4069.75 t/4E .

(2) G MR TREREARIE CRREFUBRHEBOT FARAE) T Gl REREFERITH S, I RGOk
i Rgn, o 57 A =0(10):

C/ =B xEF, =(X DR xA xt, | +24xP, x A)x EF, /1000 (10)

X, C MRFIZEH B ERE & IR IE,  E A ERBY RSB EERE(Wh), EF AE Kk f ke
TR T (kglkWh), P ARZRES j HER i AN 1R R D)3 FEAE.(WIm?), A AR | A 53 IR IR T AR (m?)
t AR HEE i AR EI(h), P AR ST IR Dh 3% (Wim3), A ARSI AR (M?).

HAo R RS HRE (THIE S B B GB/T 16275-2008) £ 1% 5 HU A $0T- #4118 10.3 W/m2.
TR 6 5 ST 6.19 J3 TP K(A & FMER), 2RSS B IR 6 54 SR Rk
HVERZR IR A AR IE 185, — RIS 24 /NI o FH T 2T HE A% B LLIRTS 9T L REFERU/DN, RS
ANEERL TR . Bk, 12E R Btk BT T A #E 15301.68 KWh/ K, 5585113.2 KWh/4FE; fiHE
RN 10.76 /K, 3927.4 t/4E,

(3) Hhi & HBRETTT T T H R 55 U DLIR I, WOAR SCR T A R 70 B Mkl 5 R R
TR BCHEBOEAT I 5 . Mok & &/ B SRS L D3 A S0 HhBkah & A TR (W) = B
FEREREL x 10000 [10].

P B SR MBS I8 6 528 TAEIH HPbr ST, i ROIHLERZR LI Je 394 G i, PRbhr= it . R
BRI IE I8, 188 W Bt AL I T REAESN 94560 KWh/R, 34514400 KWh/4F; Bl &=
N 66.52 t/K, 24280.88 t/4E.

i b, BB EIZEE R AR BRHEBCE Y DL R =y 2 f, it 32278.03 Y4 .

4, L5 RE
4.1. BRHEBTBER

ASCHEET A IS, 458 BARREI M A SL 73 HuE Sl e g A IR R HE G
SRR, SERTHE T BREER (SR B 6 T LK) AR ] B HE LS B, 4RI 4.

Table 4. Full-life metro carbon emission

A 2RI IR BRI

AiEE BEERI e =
R P 20642125t
G B MkLiz % 6874.8 t
ik 282965.1 t
Y FEIEAT 17644.1t
BEMNE
FykizE 32278.03 t

FERERE BL W B S I A P AR AL L i TG ST, Geit MR 4 AT f
FHESHOERCRIF S, X — iR IR 7 REB M AE R E . 28 B BUBR AR 50 9 5 4
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R MLy . FIGISAT T R H A RS | Je AT 2R DU IS AT I REERIR . iz g 5%
s MR DURERIE R REREA %, B G SNEUREAE R R, FRAE & AN A RERERT B A B HE I A
TAERVEHCRE . VPR v SC B S HOPUE AR SR 2 BRSO S R ARG, A SOt 1 Uk
M. WHT JIAEEARR, UBREARTIEG L BB E. Fui Tl RSN A ARG, AR
PR R 14, 3l 3 H410% . +20% H98(E, METFE SO SR HFBCR R AL . 45 R oK,
REAN BB EI AR R SRR, (BB, BRI B B R e . AL E R
FWTHE RN B S HCR G, SCBL T RS A A A A R HE R E RS, D BRZR B A (R s
THRIES S E R A T R ESCR

4.2. RE

PUIEAZE T H BRHEBCR I TSRS RO b BAR B EOR B B B4 1 R AT I . @i By
DA B Bk B (A 0 HARMLIE T2, R FT e SRR 1 A4 B e AR AR A, b sk
I LR L J5 9D R AR BHIR I FE 30%, BRFFBURAIC 15%. 7E i T35 o) DUBEAT & BRARAL 51 G R HL BIM 2
BEME T, Austiek 19 SZENH] BIM BRIULE LA R, IR T4 50%, i THEFEFFAIR 12%. #Hxfia
B BUNBI I8 4T T LR A RE5 22 Be it RAT BBk HE ) 51 BE KGR P 22 5] R 48, Bk 1 520
PG 5| REFEFFAIR 18%. #HXH@E B B Aol oy, T BLg| N RENE B -5 2% R A2 L $R B0 R AT 2R A1
BRI HAl, otk il B gl U RGUMASI S IHEOR, (45 R ub IR 0 2T E L) 40%; il
AT REBARIITIN, AR NRE THEARAT IR, SIS REIZITRE T A EeE. KHE
A I H AHE R BAR AT R TSR TR BT AR, ORI 1 SE B TR H A i i
B AR5 &R T T H B A BRSO E TG SSEE AR ) S O BRARBR RIS, I LE R (2 HE BE YR Y
P RN I2TE RS AR E BRIt TR SR TT A, HESh 1R SR Y S IR RR S AT

SE 3k
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