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The carbon emission analysis of Shenzhen Metro

XIE Hongyu', WANG Xixiang™* , YANG Muzhuang', JIN Chaoqun', ZHONG Shijin' , WANG Wu'

1 Geography School, Guangzhou University , Guangzhou 510006 , China
2 Guangzhou Urban Planning Automation Center, Guangzhou 510023, China

Abstract: Carbon emission of Shenzhen metro was analyzed on basis of the power consumption of train traction and metro
station. First of all, power consumption of train traction was calculated according to the annual mileage and power
consumption of train in 100km. In 2008, all trains of Shenzhen metro consumed 25. 14GW «h power. In 2009, power
consumption of train traction was 26. 35GW +h. And then, power consumption of metro station was analyzed according to
monthly average temperature and the quantity of metro station. In 2008, all metro stations of Shenzhen metro consumed108.
21GW+h power. In 2009, power consumption of metro station was 112.2GW +h. After this, carbon emission of Shenzhen
metro was calculated according to 1kW +h power carbon emission of China southern power grid. In 2008 ,1kW +h power of
China southern power grid emitted 210. 36g carbon. In 2009, carbon emission of 1kW+h power was 206.21g. Accordingly,
in 2008, Shenzhen metro emitted 28052. 695 tons carbon. Per-passenger consumed 0. 984kW - h power and emitted
207. 025g carbon. In 2009, carbon emission of Shenzhen metro was 28572. 561 tons. Per-passenger consumed 1. 002kW -h
power and emitted 206. 697g carbon. In the end, carbon emission of per-passenger of Shenzhen metro was compared with
Shenzhen Bus, medium-bus, taxi and Hong Kong metro. In 2008, per-passenger of Shenzhen taxi emitted 450. 125¢g carbon
and was 2. 174 times of Shenzhen metro. Carbon emission of per-passenger of Shenzhen bus and medium bus was 103. 886¢
and 164.429g. Shenzhen metro was 1.99 times of bus and 1.26 times of medium-bus. Per-passenger of Hong Kong metro
consumed 0. 988kW - h power and emitted 166. 752¢ carbon in 2008. Power consumption of per-passenger of Shenzhen
metro was almost equal to Hong Kong metro. But carbon emission of per-passenger was 1.24 times of Hong Kong metro.

The reason was the power used by Hong Kong metro emitted lesser carbon than China southern power grid. In 2008, 1kW-h
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power of China Light & Power Company and Hong Kong Electric Holdings Limited emitted 153.73g and 203.27g carbon.
75% power of Hong Kong metro was supplied by China Light & Power Company. Others power was supplied by Hong Kong
Electric Holdings Limited. In additional, carbon emission and passenger rides of Shenzhen metro in 2012 were predicted
according to the quantity of metro station and length of five new metro lines they would operate in 2010 and 2011. The
results showed that, in 2012, Shenzhen metro would emit 266263. 21 tons carbon and is 9. 32times of emission in 2009.
According to the growth rate of Shenzhen public traffic passenger rides in 2006 — 2009, passenger rides would increases
from 22. 74billions in 2009 to 29. 45billions in 2012. If the share of Shenzhen metro passenger rides in Shenzhen public
traffic is 40% , similar to the share of Hong Kong metro in public traffic, per-passenger would emit 226. 04g carbon and
increase 9.36% than emission in 2009. If the share is 30% , similar to the share of Shanghai metro, per-passenger would
emit 301.39¢g carbon and increase 45.81% than emission in 2009. If the share is 20% , similar to the share of Guangzhou

metro, per-passenger would emit 452. 08g carbon and increase 118.71% than emission in 2009.

Key Words: carbon emission ;Shenzhen metro; Hong Kong metro; power consumption of metro

T HE I A Ay i o M Ak T R JR 1) — N AR AR ST AR E A 3 T T A A R b k2 B T A, A
FBis B AT S IRB A RS TP N A, R st AR A EOh AR A kD A s Ak S
P v TCZAL RIS WL o A b2 5 i R BN K @ AR, BRI RS R S A D A
K= A R HE R . S B, R B HE R £ R [ T (BN A S - R g LRI & R G ) .
Hor 2008 4F A b L AR HERI 5 S HERL 9 97.24% 1 AR S R 97% ) Tk Ly 96. 68% 1 AL
LMk A2 7 R ORI 2 20 T A B R B Mk VA 28 AT A FR9R A T LA R 7 A HE I o HE B A AT
R3] T 59% P, BT o= WYUK K 4@ AERE, BRIh RS 37 5 5 T 50 , T b Ak 4 RS 43
BRI L T BRI, T LA, AR SR 45 5 TR IR A0 3l s 2 3055 R a0, D3 B TR 911 2k %) s s T %o A 285
FIREI
1 RIS EHES| ABEDH

HRT, GEYITT sk 2 i A7 2 &0 e stk 1 S48 BT8R BE, K 20. 777km, Ho ) % ) — i L 2~
U 17, 387km , 1A PH-BR K BEK 3.39km,2009 4£ 9 A 29 HIFE, 4 S M 0 E-DFEE K 4.479%km,
IR A 5 | T K B el 2 ) M Ak A A R AR A 7 A TR P A AR T 1 S S sl BRI e 4R A A 1
A, YRR PR ZE A REREAT Y, AN HLFRRE AR 11,17 kW -h/km'®

F1 RYBKHEERRMEEHE

Table 1 Departure interval and quantity of Shenzhen Metro's train

sk 1 52k eI B 1 S AR B 4 2 i W I B 4 SRRV B
M o Li Rush hour period Non rush hour period Rush hour period Non rush hour period
etro e of Metro Line 1 of Metro Line 1 of Metro Line 4 of Metro Line 4
6:30—7:30
7:30—9:00 ’ )
TAEH Work day 16.30—19. 30 9:00—16:30 6:30—23:00
- : 19:30—23:00
I{’IE . ﬁiﬁi 108 206 104
Train quantity of work day
6:30—11.00
i eke 11.00—19. ’ : .30—23.
JHK Weekend :00—19:00 19.00—23.00 6:30—23.00
=2 I T =N
H?E//'z+’§&% 192 148 104
Train quantity of weekend
. . 6:30—9.:00 6:30—10:00
B H Holiday 9:00—20:00 20,00—23:00 10:00—19:00 19.00—23:00
W H B
WA SRR 204(264) * 96 154 92

Train quantity of holiday
* 55 P92 2008 49 F 29 HTT 1 SR H iyl & 8, 1 20d
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TRYNHBER 0 K B2 R R AN 1 526 3R =g 3 & 42 18] B8 A Tmin, TAE B A1 A & 0630 28 Smin, 1R H &
U HAE] R 4 4. 5min (2008 4£9 A 29 H LIFT A 5min) ;4 540t & 0 FE R 10m, 55 B &6 K 7min, JE
E UG A 10min, PRI MR A9 A& 4RI Ra A0 B & 280 W4 1,2008—2009 4E R YN H R4 & 4= %0= FIREFE IL
*2,

R2 2008—2009 FRYBHKH X EREMABE
Table 2 Train quantity and power consumption of Shenzhen Metro in 2008—2009

1 54k
S 1 %éﬁ(??ﬁﬂ-‘uﬁz&i‘) (ﬂ}’?ﬁﬂ-“f_ﬁ*ﬁjﬁ) 4 B2k
Metro line Metro line 1 Metro line 1 Metro line 4
(Luo Hu- Window of the world) (Luo Hu- Shenzhen
University )
A0S Year 2008 2009 2009 2008 2009
TAEH Workday/d 251 187 63 339 338
JAIR Weekend/d 88 65 23
T H Holiday/d 27 19 8 27 27
TAEH % %% Train quantity of work day 78814 58718 19782 35256 35152
JAAR % ZE R Train quantity of weekend 29920 22100 7820
F 8 H % 80 Train quantity of holiday 9930 7410 3120 6642 6642
A% 7R Train quantity of one year 118664 88228 30722 41898 41794
£R B4 L FE Line length/km 17.387 17.387 20.777 4.479 4.479
JSLHEAE Total power consumption/ (kW -h) 23045735 17134760 7129962 2096157 2090972

2% 2 AT ,2008 AFTI A% 24 o RE L Ol 2514 1 ,2009 4E°h 2636 J1 2009 4F [t 2008 4F44 K-
4.83%
2 RYIM kL m R ES

R e FE R B IR IS RS MURBCHE RS M M RS B HREH ARG PR RS AHEK R
GAERREFE, B S MK/ MIRRAMRKCTR . RN 32 1 6 7 R n 17 113 5, 2005
AEFREA LA B E R e RRIBE BRI AR b B S RO A B R A AT AR
TER AR IR A6 B R T Rl (AMEEAE 19 45,2009 45 X8 A SR b RS
3NN, BRT S EILE 1 SERM 4 SEh Ry 3 RN, HAh ik 3 o SUZ R E 1R

®3 RS BB 5 AR

Table 3 Power consumption of single metro station in each month

‘ s B # B i3 e it A5 1T o
\ TSR R JH LR 5 Wi 7 T H A L
A . . /(kW-h) /(kW-h) /(kW-h) /(kW-h)
Mean Train quantity . . .
Month Power Power consumption ~ Power consumption Power consumption
temperature/ “C of month . . . . .
consumption of traction of metro station of single metro station

1 14.9 7306 7341840 1418919 5922921 382124

2 15.6 7254 7000620 1408820 5591800 360761

3 18.7 7320 7432260 1421638 6010622 387782

4 22.5 7181 8610030 1394642 7215388 465509

5 25.7 9538 9936300 1852402 8083898 521542

6 27.8 9171 9955440 1781125 8174315 527375

7 28.6 10910 10371000 2118862 8252138 532396

8 28.2 10862 10637000 2109539 8527461 550159

9 27.2 — — — 8174315 527375

10 24.7 — — — 7649643 493525

11 20.4 — — — 6613005 426645

12 16.4 — — — 5801211 374272

http ; //www. ecologica. cn
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Fig.1 Internal structure image of Hua Qiang road metro station

AT A B, 2E AR R 1 54k (15.5 Dl ity 1.5 45) 2005 4F 1—8 F B REFE ST
MRy e, T8 9—12 A 8, e IR PRI T 1953—2008 4F A FHR 7, 6 A 1
FHHEEAER 9 A sk e UL 4 AR S A2 e ey 10 A i ; 3 A4 A
i AR R 11 A pyulig s, L2 AR 3 AP el I el 12 A i ih st RIS
H RS e W36 31 4438 3 sl T Fh R B 3t 3 FH R B A R R YAk 1 SR 4 S 4k
22. 5 A (SR 1.5 ) e BRI 4, Hid,2008 4E55 7500 19.5 44,2009 4E 1—8 H ¥l
Y 19.5 4,10—12 A 0922.54,9 A 1 H—28 H N 19.5 k37,2930 H b 22.5 1y,

x4 RYTHKHEHERABE

Table 4 Power consumption of Shenzhen metro station in one year

A Year 2008 2009
HAuE R (kW-h) A JHe Y/ (kW+h) AN FHALHE/ (KW +h)
A {5 Month Power consumption of Quantity of Power Quantity of Power
single metro station metro station consumption metro station consumption
1 382124 19.5 7451418 19.5 7451418
2 360761 19.5 7034840 19.5 7034840
3 387782 19.5 7561749 19.5 7561749
4 465509 19.5 9077426 19.5 9077426
5 521542 19.5 10170069 19.5 10170069
6 527375 19.5 10283813 19.5 10283813
7 532396 19.5 10381722 19.5 10381722
8 550159 19.5 10728101 19.5 10728101
9 527375 19.5 10283813 19.5/22.5 10389288
10 493525 19.5 9623738 22.5 11104313
11 426645 19.5 8319578 22.5 9599513
12 374272 19.5 7298304 22.5 8421120
A1t Total — — 108214568 — 112203369

FH 2 4 11,2008 4FEIRYI AR 0h 7 BEFE A 10821 T3 B2 HL ,2009 4F 4 11220 J7 L2009 4F H 2008 4FHE K
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73.69% .
3 RIYIERERHEL AT

PRI F ol e o e A4 g e IO e T SR L K R RTT A R R T (XU R B RESS )
Horp TOBERHG Bk HE AR N i B SR R 0. 2% Za A, B2 W LB HE R, 1 K HL I Bk HE O
66.3g""° 1 BERZ AL ABRHEICA 3. 74" JCHURIL i A B HE T AR 0t & v S F ARERE I BERR % 1 B i
S T SRR BE B i S 0. 5681250 FEI, DAAS 2 H D78 SR i e (9 L DA SR 1 BE R
ISR (32 5) o 2008—2009 AFIRDIHER B HER i, A3 F iz etk A i Lk 6,

&5 2008—2009 FrFTEM 1kW-h BEHER
Table 5 Carbon emission of 1kW-h of China southern power grid in 2008—2009

EAy e kH K B ik,

Year Ttem Fossil power Hydropower Nuclear power Supply power

2008 et/ % 69.10 24.92 5.85 —
IHFE/ o 446.6 — — 32.2
1kW - h BHERL ¢ 253.725 66.3 3.74 18.294
1kW - h JASCE- B3 HE L ¢ 210.36

2009 LBl — 26.05% 5.85% —
JAE/ o 30.8 — — 30.8
1kW - h BHERL ¢ 17.498 66.3 3.74 17.498
1kW - h JACE- B3 HE L g 206.21

Fz 6 2008—2009 FERHMHBHNE A EETHRHEMENEEE

Table 6 2008—2009 Carbon emission, carbon emission and power consumption of per passenger of Shenzhen Metro

A4 Year 2008 2009 A3k, Variation/ %
JHIHLH Power consumption/ (10YkW+h) 13336 13856 3.9
WHEMCS B Total Carbon Emission/t 28052. 695 28572.561 1.82
iR HEE Carbon emission of subway station/t 22763. 88 23137.7 1.62

Lt Percentage/ % 81.15 80.98 —

22 5| R HEE Carbon emission of traction/tons 5288.816 5434. 864 2.69

HE ] Percentage 18.85 19.02 —

% iZ i Passenger Rides/(x10* A) 13550. 38 13823.43 1.98

ik & AN YRR HECE: Carbon emission of per passenger/g 207.025 206. 697 -0.16

ik & N YIFEHL & Power consumption of per passenger/ (kW«h) 0.984 1.002 1.80

26 6 Al %0, R4 2009 4FE AR % s i HE 2008 4E FTF T 1.8% B TR 7 s R 1 B2 el iR FETi
HNRET I 4. 15, BT AR B i HE G SOf RS T 0.16%
4 BSOS

TR A LA AR R A IEVR 4 (G R LRI EL Pl ) |t R 42 HBBR 2 AR, DA K DO HE s i it
B NIIOAE R P = AT R, A, URIINMIE AT A vtk | 7 7 Ak 5 R M Ak 7 A T R N A
FEBL A UMGEAR R FERHE RO THEA AT Lot R i — I e

2008 FAEAK , YT A AT K 8396 i Kia i 14. 57 AL AWK ;A P EL 2670 4 % is e 2. 06 1N\
W MRLAE 12991 41, &35 H 2. 91 AZ A AR IR SR A | TR IS 22 K BRI P B 4 H AT 45 LR 20 200—
300km, 7EHLHX 250km, K 100km JHFES 271 5890, 2 100km JHAFE R 191 5890 ; A 45 HAT 4 LR 29 2R
500km,100km i #E 25y 9L, 1t %¢3h & 1196L, ik HE i & 24 0. 87527t, 1t ¥R & 1379L, ik HF ik & K
0. 84672t 2008 4F I TRIINASSZE  TRIIN H R 20 00 705t BRI LU e L3R 7
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RT7 2008 FRYIMER GRYNAZE RN HBEME B KBAA LR

Table 7 Carbon emission of comparison of Shenzhen metro,Bus, Taxi and Hong Kong metro

i H Ttem xre e HFL BRI Mk T s gk
: Bus Medium bus Taxi Shenzhen metro Hong Kong metro

ZEMEL/ Vehicle quantity 8396 2670 12991 — —

HEFE Oil consumption/ ( L/100km) 27 (4Eh) 19 ( 4&1ih) 9 (K1) — —

H 47 B/ Travel distance per day/km 250 250 500 — —

&z it Passenger Rides/(x108 A) 14.57 2.06 2.91 1.355 13.538

TRHEH E R Total Carbon Emission/tons 151362. 18 33872.41 130986.27 28052. 695 225745

MEe i: i Sl L

BREA q@ﬁkﬁii 103. 886 164. 429 450. 125 207.025 166.752

Carbon emission of per passenger/g

; PR

TR e AKIFE it — — — 0.984 0.988

Power consumption of per passenger/ (kW-h)

e 7 AIAL TR A SR R TRYIBAR PR HE O B e AIK, EU 76 R % AN Rk HE il 2 1w, TR
MRS T HAH 4 (200 A 46% ) SR TRIINA AR EL Y 1.993 % LAY 1.259 5, X2 T IR Ik
LB Km /DS, 5 U LA L, TR A i N B4 7 e HE 2 v Ak 1. 24 5 (HUR R
B N YEHE L T RO 2 3K 15 I R s A AR A s A A BB ARE Jr T A T[] — 7K F , 2 T LA & A\ S4B HE il
o T AW MR, 3228 R T A s bR T PR ) A B HE A I s B o s Ak Pl g S fR R A R ) RS LT
Wi w1 AL, 2008 AF Hr A L 7 4N w4 B R B B HE R 153, 731, T ok EAT 2N DA R R AR A
203. 27" BMK TR AL M
5 2012 FRIIH Bk RRHE R T

FRIE RN BRI, 7E 2011 4F 7 H R R BB S SRRk 2] 178km, ZEILARYE 1 S 4R 2 54
B & R0 fA 2012 AFEIRYIMAK 22 5 | RRFECILZ 877,

F8 2012 FiRYIHbELE S| BRHEM

Table 8 Carbon emission of traction of Shenzhen in 2012

s K R L

Line Length/km Train quantity Power consumption
/(kW-h)

1 S (F#-H.3%) Line 1 ( Luohu-Airport) 40.979 118950 54447629

2 S2 ( FR5-#175 ) Line 2 ( Chiwan-Xinxiu) 35.78 118950 47539866

3 54 (£ H-BUE) Line 3( Yitian-Shuanglong) 41.8 118950 55538469

4 5L (T R-EW)) Line 4 Futian Checkpoint-Qinhu) 20.279 41898 9490585

5 S48 (AT -3 D1 ) Line 5 ( Qianhaiwan-Huangbei ) 40 118950 53146860

S5 1L & Total power consumption 220163410

THEL Carbon emission/tons 45400. 368

2012 4F IR A 3 5 212 A, Horb Bedfedh 11 A, Mo s 2Rl 5 27 M RAEBZE-ZAZH) ,
DI, 1.5 AN I A 2R eh 0.5 AN, I3EA 193 4wk, 7RI, MR P52 4 Bl , A 2012 4E DI Hb 2k
s HE R L 91

I VAR RN T A HE A0 7 e A 15 KR AE 9% 26 45,2009 AR IR A FE Az i iy 22. 74 {2 Nk A
AR R 99 11, ) 2012 420N FE32 8@ i 2 h 29. 45 A2 AWK, VAE 28 363838 i & 40% ,30% ,20% 3 Fhs i
A58 2012 AF BRI HAR NI %3 fcHE il i ARG FL i L3R 10,

H 9 HI 1 7E 2012 4 RN 5 b BRI G , Hu A it 2 A\ 357 i HI I i i 2 A 349 #E F i 0K K
WREIN DA v R AR A S Y EE B (40% 2247 ) it | ik & NI BRHERC G 9. 36% 5 LA i M2k AE A
A L] (30% Ze A7) VS Ak il 3 AN XS B HE Bl B 38 0 45, 81% 5 LA P 4k e 28 H4 5838 19 L] (20% 72
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A7) VO iR NSRRI 118 71% % FE R R L O AR SR K ) A SR A L R AT AIE ER E O A ok
HL BB LA R A P RS L ARERE | 1 38 R P B HE AN BT 1, A SR PRI Mk 1) 25 i e A 2012 4F mf Aot 3] 2 3
SEIE A 40% B AR RESE IR 2 A BIBRHEICE 5 2009 4FAH LEARE AN

9 2012 FiRIIHbER I IHBRHE A

Table 9 Carbon emission of Metro station of Shenzhen in 2012

i A A/ (kW-h) AL EEEEREY
Month Power consumption Quantity Power consumption
of single metro station of metro station /(kW-h)
1 382124 193 73749932
2 360761 193 69626873
3 387782 193 74841926
4 465509 193 89843237
5 521542 193 100657606
6 527375 193 101783375
7 532396 193 102752428
8 550159 193 106180687
9 527375 193 101783375
10 493525 193 95250325
11 426645 193 82342485
12 374272 193 72234496
S FHHLE Total power consumption 1071046745
THEAL Carbon emission/t 220862. 841
R 10 2009 712012 £ AMFEHBHME LR
Table 10 Comparison of carbon emission of per passenger between 2009 and 2012
EBY Year 2009 20129 iﬁiﬁi 2012? V{ rﬁfii 2012%® ;i Iﬁf}i
ﬁi’;ﬁfdi%l Emission/t 28572.56 266263. 21 932 266263. 21 932 266263. 21 932
i:iier Rides/(x10° ) 1.38 11.78 754 8.83 540 5.89 327
e e Nyt 206.70 226.04 9.36 301.39 45.81 452.08 118.71

Carbon emission of per passenger/g

©,@, 35t 2012 EHEk &z A LRI T 40% ,30% F1 20%

5 g

(1) YRR 2008 R HER 4 28052. 695t,2009 4F- & 28572. 5611,2009 4F Lt 2008 4FE354 T 1. 85% ,,
Herr sl 37 B RBHE R 5 S B R HE U 80% LA I ,2008 4K 81. 15% ,2009 4F- 2k 80.98% , 2008 4F-iz % it % A
Bt HERL R 207. 025g,2009 424 206. 697, IRYIIHIER 2008 4F iz 1% ik % A IFEHL 528 0. 984 J&,2009 44
1.002 J¥

(2) TERYNA SRR N, DRI LA i B HE TR et B i e IR, 76 R & AN SR HE il o 5 1o, TR R AR T 1
A (2 MR 46% ) YA TR ERY 1. 993 A5 P 1.259 £, X2t TRV k& it b &
BT A,

(3) VRYI A% B e 2 NS RRHE R A s ik 1. 24 %, (HR ik & AR AE s it 7 1 KB 2, X i
TR Hb K R e s i 2K 7E BEAE 7 T AL [R)— /K-, Z T AR B AN I HE = T s bk, 22 oh 1 s b 2k T
FHHL 7 BB HE B AR A B

(4)BEEE 5 2 ny T8, 2012 4F RN 0 B HEAICE &8 AT BEXG I 9. 32 £, ik & A iRl AR
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