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Abstract: A bottom-up approach based on transport turnovers was employed to establish a model for calculation of energy
consumption and exhaust emissions from water-borne transportation sector. Chinese inland, coastal and ocean transport
turnovers were obtained based on the relationships of transport turnovers against GDP and the growth prediction of GDP
in next years. Combined with emission factors employed by IMO, energy consumption and exhaust emissions of
water-borne transportation in China from 2001 to 2030 were estimated. In 2001, fuel consumption and NO,, CO, NMVOC,
CO,, SO, and PM emissions from water—borne transportation sector in China were 7.909, 0.636, 0.059, 0.019, 24.832,
0.372 and 0.046 million tons respectively; in 2030, fuel consumption and NO,, CO, NMVOC, CO,, SO, and PM
emissions were 59.518, 4.051, 0.165, 0.183, 187.432, 0.155 and 0.061 million tons respectively; from 2001 to 2030, fuel
consumption and CO, and NO, emissions from water-borne transportation sector in China increased with an average
annual growth rate of 7.2%, 7.2% and 6.6% respectively; Due to the restriction of international maritime conventions, SO,
and PM emissions which are closely related to sulfur content in fuels reduced significantly since 2020; in 2001, CO,
emissions from water-borne transportation sector in China contributed around 3.2% CO, emissions of world shipping, and
thereafter gradually upward, in 2020 and 2030, the contribution would grow to 11.5% and 15.3% respectively.

Key words: water-borne transportation; energy consumption; exhaust emission; transport turnover; China

K BB AE AT R PR EE AT, IRPLARIE 2014 SRR, A ENA K L in
JE A BRI S SRR T e H R B TSRS 17.20%10% f1%;1998~2014 4F, 1 [F /K 4 B i AE )
2 TR IMO 2014 4E55 3 UG SRR K 11.2%, 5058 B AR K 10.3%. 15 H §if
H212007~2012 4 M ANEECE E R B AT P E KBRS Sl 10 BEVE I FE R R HE B BLR
FAFE AR R0 SO B A AS 5 S5 R R A IR AR 3 B T R S T B i /D 7 3 ORI AT L K RE DR T
WREER N 3.25 12 t4EH) CO,  NO, M1 SO, HEltE:
Yy I A AR COL AN NO,. SO HEIEM B a2 1208 -
- T P - BEWE: sl (2015328225150);h S i Ak
) 3.1% 15%F1 13%. FEAER, T EVKERIZHNY.  Aopimrin s 250 4% 015 H (3132016018)
R P B K R A IS AT R RE ST T SHEME#, #, oliverduan@163.com




1914 H 2N

OB 36 %

FEMIIF 9 2 B 5 IR A8 3l 38 H AT e Mo, i o
BRI /K Az b G2 A I A iR v
TE 57 B REJE I RE B D VR A I 5T 0 T R AHE L
(RIFST AT X Brifgag AL O, Hi" AN
DX sl A a7, Tt K B 3 i+
KRR G HETC v 958 P R A 2 HETBC A A
e ] A YT I A A A ) TR A A ke D 3R
28 BRI A XS T ] 7K %0 L B T FE R R
HEFBCHEAT WA (1) v SR A % T A8 18 12 ¥
AT P38 i 5 R P BRI TR AL B PR AEAH OC
it ST Re R HAA T T AR SR
P TPCCOBUR [ S ARARAL B 1122 03 22 )il & Ak
HEBCE A 57 B S TR AR B BT
DA TR 0 B R b5 v A AR JE A A
P = 1 in) 8 R S T A e r
i B 2001~2014 46 Fp [ 7K 32 Sl 1)
e 5T FEAN P SHE G S B T v
FRE VSIS F R 5 GDP 1B 5C R, i 75 3]
2015~2030 4 H1 [l 7K i 3 ol (1) e s A A R
AHEIBCAH SG U T VR0 6 R mT oy v A TE A
AT MY BESHE BUR A i 1R e S i 2%
1 WHRAE
THE R
S IPCC i F AR A 5 7R
AR S H s A X T RIE N

E, =%(FC,-EF,-107) (1)
A E NG, GFC AR FE L GEF N RS
HEB A 1 kgt B ELa IBRMR IS 55k IS
D% TR

1.1

1.2 FERIZH
1.2.1 B REREC) X F R () BB b

Mo, —BCR M A LR 2B R R v
AT AN LT DR S AR A A
T R B e G A5 2R v I AR B, FLME AR R
TR AT REMERR AR 1) — 48 2 b op [ K I8 B
M FE R 5 S TR B, 25 R8T 3 A v A
R o AH A [ AR B — g B &R AK
S X U AR Vol VR O 2R 0 M R AR i Y
S GETHIEAFAE T 2 WA 55 A0, B b2y BT 9

F WA LR 7k 5T g A AR KR
21220 24 TR o ) o X A ) 4
B3 TSk

FE P 8 R L S R A A A
(1003 ) 98 S A A SR 00 S B A TV R 1% 0 Y
18 T BRI AN S A LRI DL R BAR )
P A 35 50 3o R 200 EL R e Y R s o)
FKILH
FC=>>> (P, -LF,, T, -SFC,  -107)

()
T FC BRI FER 6P A5 E D)% kW;LF
B far KL 75T ds 47 B 1) )h;SFC kg 94 i v FE
H,g/(KW-h);m AN S50 A s s, 046+
Bl BN AR L Ris AT Tl 5

FEFMTh i AR i v g B v A A
S A AR A T RE B H T AR L DX R
b DX A S TN e e <k A )
VR3O (B VR MR S T L R BB G A
D7y TAERHE . B847 T AR A E R 5 55
T i 2 AR AR Ak, B2 T s 7 5 0R
0T A AT B PR 5 ), SEE B (14 900 B 45 AR 2 A7 A
— g s 2O [ R D LA A AR B i
T 11 M 45 00, ) A A7 7 TR AN 23 00) v [
AR BN I H A2 PA) Y0 B VAP A 403 FH A 1) R, AT,
TR SE R T b Y BOK s
VAR FE B AR A0 a ).

SRR/ ALY ES i A SH TIPS NE s i TV NSe
KA Tia i A w10 B i b oo s K
A A AR Y R AT B

FC =Y (TT, -SEC, -10%) (©)
UHFC BRI RE LG TT s i i 54
t-km B4 N km;SEC &y FLAZIZ i il 4% B REAE (A
R FE), g/ (tkm)EE g/(N-km);n hIKERIE
BRI FR NI IS . WY TS . m i T AK
HKIE.
1.2.2 EHJAEETT) £ 1 RIS
LR RS AP B 2001~2014 4F %4
13 7K 38 i ) e f 1R 08 R e B S AR U R RN
YR, W] FH 3238 JA e 2 5 GDP [ [Pl HC Rk



6 1y S A o KB Sl RV FE 5 e MO 1915
TN A RIS A R T 2001~2014 AREINGE  (FAC IS I 58 A e S TIOE 40 A 21 4% A ig

T8, 51is R 5 GDP R RIH A 50y

TT 1=0.039xGDP-3838.7 4)
R*=0.905;F=113.697;Sig.=0.000

TT 1%=0.075xGDP-4056.8 (5)
R*=0.977;F=518.315;Sig.=0.000

TT 1¢=0.120xGDP+12730.7 (6)

R*=0.767;F=39.605;Sig.=0.000
K@)~ (6)T:TT K& Bz i &40 tkm
GDP b &40 B Py AR = BE (3% 2000 4F AT EGAY
50,1476,

B s 2250 R 2T 1 A s,
FARA ¢ KSI ) Sig fEHI/NT 0.01, BEH [R5
BAG R SCER R L0 ¢ K5 Es] T AR
FORNH IR T 4S5 N, & RDH A 2R H R
B Gl L] Wi s R i a5
GDP 2 [HZILH T #H B A S v 0 s
R R 2 T [ 5 A2 R M A, 38 57 B 4
BRATE 5 K TEARI5%01,2008 - H L T B
TR H SR BRI 5 E GDP K2
TR T — o) R R R B 2 AT oY
I, A0 2030 4F,H EK Bas il AT & fRrk
AU K, AT b, A ST R e 1 [TV AR R0 T Y
B [ K s Sl (0 ks Je BA I FH .

2001~2014 4F, %15 JA # f AT 59.18~89.90 124
A km X [] i 51, HL A E R

TT 4:=72.55+7.88
AT e & -0 2508 J i 5, A2\ k.

K% B3 Ji i e ] MU S ROk 172 4
e Us i B AT o S K 4 i A
FE AR T R 5708 JR e BB AR /N Rk AN S
T T 0 7K i 7 da xR 3 L R T
FEFN R SHE vk 5 i rh W 2 5t & ke B
b LS EAEHEAT (250 38 K7 6 8 F h
“F= R~ GDP AR RGO (Il
) AGR)E N 6.5% 6.0%F1 5.5% 4k X (4)~
2 (6), FMAFE] 2015, 2020, 2025 F1 2030 FEN
ST (N B/ Y T S S Y L o= R Y1l Wl S0
SRR H AT A s g b . AT s H
RI DL AR R S a4 30T GDP 39K Pt #4321

(N

gy 7 T A4S 3] 2020 A1 2030 4 FE K B
iz JH R R 117408~127462 17, tkm HI 194542~
204244 A4, tkm i ASCIEAS 2 1) 2020 1 2030
SE b E DK % B2 is B im0 13195510 F
227168.61 12 t-km, bt R F5 I R 1) F A8 4051
ra HH 7.8% 1 13.9%. PR] b, AR S (18300 S5 7R R ) 4
SR HA AP

Fz1
Table 1

2001~2030 FEHEKEEEHMEE
Water—borne transportation turnovers in China
from 2001 to 2030

GDP Witz Wiiltiz miflts &zl
4y (MLIG, 2000  JAEEE JHEE R =
SEVHEY) (2 tkm) ({2 tkm) (L tkm) (fZ A -km)

2001 108057.41 1262.51  3696.28 20085.67 89.90
2002  117890.63  1508.70  4269.20 21732.70 81.80
2003 129679.70  1708.80  4702.10 22304.80 63.00
2004 14277734  2184.00 6989.00 32255.00 66.30
2005  158911.18  2626.00 8495.00 38552.00 67.77
2006 17909290 302532 9883.13 42577.30 73.58
2007  204524.10 3553.12 12045.83 48685.89 77.78
2008  224158.41 4151.19 13267.14 32854.63 59.18
2009 24478098  4632.73 13399.81 39524.12 69.38
2010  270727.77  5535.74 16892.63 45999.15 72.27
2011 296446.91  6564.88 19503.56 49355.40 74.53
2012 31927332  7638.42 20657.06 53412.10 77.48
2013 34385736 11514.14 19216.14 48705.37 68.33
2014 369302.81 12784.90 24054.59 55935.06 74.34
2015  395154.01 11730.37 25658.78 60228.51 —

2020 54139523  17492.27 36656.12 77806.71 —

2025  724508.95 24706.95 50426.27 99816.98 —

2030  946904.22 33469.33 67150.40 126548.89 —
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Table 2 Exhaust emission factors (kg/t fuel)
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7 L2 S BRI AE R 3.2%;2012 4F,
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&3 2001~2030 £FHhEK @l AHHEEC ©
Table 3 Fuel consumptions of water—borne transportation
in China from 2001 to 2030 (10*)

At 4 48 5] 2010 46 7 [ [H Bz CO, HEa:
o 3159.2 T3 AR MO 2 Al A ) 445 3]
2010 45 i[5 [F prifEiz CO, HEUR N 3771 #3569
H A SCIE A3 2010 4E b Em vt ftia CO,
HEBOR A 3462.1 J7 0 T RS S R m R 21
EOH =R 3 T

&4 2001~2030 FREKEEEL CO, HIMEM 1)
Table 4 CO, emissions of water—borne transportation in
China from 2001 to 2030 (10%*)

oy FC FC s FC iz FC xupizm Fhy Ecop i Econjini Ecoomit Ecoy ez
2001 126.3 103.3 561.3 790.9 2001 402.9 3234 1756.9 2483.2
2002 148.5 117.4 597.6 863.5 2002 473.7 367.5 1870.6 2711.8
2003 165.5 127.2 603.5 896.2 2003 528.1 398.2 1889.1 2815.4
2004 208.2 186.1 858.8 1253.1 2004 664.1 582.5 2688.1 3934.7
2005 246.3 222.5 1010.1 1478.9 2005 785.7 696.6 3161.5 4643.8
2006 279.2 254.8 1097.7 1631.7 2006 890.7 797.5 3435.7 5123.9
2007 322.6 305.6 1235.1 1863.3 2007 1029.3 956.5 3865.8 5851.6
2008 371.0 331.2 820.1 15223 2008 1189.3 1031.3 2553.9 4774.5
2009 407.4 329.1 970.8 1707.3 2009 1306.0 1024.9 3023.2 5354.1
2010 479.0 408.3 1111.8 1999.1 2010 1535.7 1271.4 3462.1 6269.2
2011 558.9 463.9 1173.8 2196.6 2011 1792.0 1444.5 3655.2 6891.7
2012 639.9 483.4 1250.1 2373.4 2012 2051.6 1505.4 3892.5 7449.5
2013 949.2 442.5 1121.6 25133 2013 3043.2 1378.0 3492.6 7913.8
2014 1037.1 545.1 1267.5 2849.7 2014 3325.0 1697.4 3946.9 8969.3
2015 936.3 572.2 13429 2851.4 2015 3001.9 1781.6 4181.9 8965.4
2020 1314.5 769.5 1633.2 3717.2 2020 4214.2 2396.1 5086.0 11696.3
2025 1765.6 1006.7 1992.6 4764.9 2025 5660.7 3134.6 6204.9 15000.2
2030 2274.6 1274.8 2402.4 5951.8 2030 7292.4 3969.7 7481.1 18743.2

2% 18 GDP B4 [P A 2 M, B E 2016~2030
- AGR 1 £0.5%[13F 50 X ), M 515 2] 2020
2025 F12030 4 [ 7K 2% 1z Ik 28 i #6522 sl
h 3628.3~3807.8,4540.7~4998.8,5537.7~6394.2
JI G AHRY K 3 SO s FE R A I K R A +
0.3%1¥75.2001~2030 4Frp [EH & —H A T s
TR SR BAE 0 — R 1 seivia i X, K g is
BUE LT A1 o e P b SR R ¥ 2% 1 R TR A
FH, ] 7K i 3 il e R S B ok Bl 2 5 A Y
KA R 3T MAT) T3 ZEAS W@ s AR
HOHE S DCALRRBA G R RIEZE S 20 e« K 40 AL R B
PREERS ek o K Az il 1 RE R AE.
2.2 HPEIKEIE YRS H R

& 4 A EUKESE N CO, HEGR . AR

EFXE 2020 A1 2030 4 EI A GTis CO,
A 1 I A v 1 R A A A U g N, T
b T R R B AU 5 (T B AR 13 B
FEBENL L 28 I 11 BB 280 2 1) o SO T AR 0
B8 H i K B s Sl R S HEBORAR K $
TOUIN 7 T AV RI S A D D AR R UEAT R SR
Eb A58 AEURITAH 56 SCRRAE I 45 18 10 0T bl & B0, AR Sl
R Sey il Ml W 2y A0

i 5 IMO 55 2 A 3 Vil = AR
WFSE RS R EE A B,2001~2012 4F, 1 [E K Biz
Bl CO, HECRE o tH S tas HE R 1 bR
3.2% WA A 7.8%; H e v i iy COL HEI =
dEE T 2.2% 8K 2 4.1% R85 IMO 5 3 Y E
SARTERIR S, B A ER A Gr K. MEBA
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KRS 7 R s AT 2012 45, AR FU
50 RIS 3] 2020 A1 2030 £E1H A2 CO,
He R R N 7% A 29%. 4 B HES, 2
2020 Fl1 2030 4F, 9 [E/KEIsHk CO, HeE N
T F0E HEBCGE B EE R 2 K A 11.5% A0
15.3%; i vz CO, HEBUR i S iz HE
TR LN 5.0%A1 6.1%. Rk, 3 2020 F1
2030 - ARHE IMO 137 JkFHERL I [l B AT/
R < SRR A J ), A ke v B e v s g 7R 41
BRI eIk 1. 55 4b, B Ry 108
R R I AT L Y AR B g e 1)
F ¥ 30 K R, A 7 S B ] gk 7R
W, K B IS AT FE .

5 h K s ST G HE SR
1 4.4 5 W] 4,21 tH204) 1) 30 4F17)(2001~2030
4E), /P [H K kg #ilk NO,. CO. NMVOC. CO».
SO, #l PM 8 & 75 4 6769.3,296.8,278.8,
290879.8,1610.3,262.7 Ji t.2001 4F, 71 [El /K % 15 %
Ak NO,. CO. NMVOC. CO,. SO, 1 PM HEji
AT S AUE HEBCR O L AR 3.2%~3.4%2 1),
G B EIHERL R 2012 4, & R HRSE
A 7.0%~10.0% 2 17].2030 4F 2 i [H 48 5%
W FE AR F S, 7K B o FE
TR K, FL L R 4 dz T A A S 24 K
PR A 2030 4, H K A Ik R A
SIS R AR 1 L S T

X 2001~2030 4= K B fnlk AN A 18 5
I R SRR e e A I A3 B K s i
A NO, HEJBUR BB AE 3 a3 AR 3 K
6.6%; P I IiE . Wi BtiE M TR NO,
HEBE IR 3708 10.2% 8.7%F 4.8%.
IKERISHINY. CO, HEFBUR: 522 A 18 I 3 A 344
KA 7.2%; K W Gia . il Btis Koy Bt
& COp HES ARG H 0 10.5% 9.0%
F15.1%. 51 IMO P B 4 5 o6 CO HETBR 1 X
B 25 SR, T80 2007 4R 01 i CO HEMCE PR
KIEEI.MARPOL A#y%f 2020 4F 1 H 1 HZ )G
FHS PR RS 55 2 P A BR B AE 0.5% LLR, IRk, 5
fift & = 2 A S SO, Al PM HECE: H 2020 4F
2 Ja i T BE.2020~2030 4, P E K %S

SO, F PM EHE R 4> 7518 12.4,4.9 J7 t.

5 2001~2030 FFrEKERZHA ESHBED o
Table 5 Air pollutant emissions of water—borne
transportation in China from 2001 to 2030 (10%*)

) Enox Eco Exmvoc Eson Epm
2001 63.6 5.9 1.9 37.2 4.6
2002 69.1 6.4 2.1 40.1 5.0
2003 71.4 6.6 2.2 41.1 5.1
2004 100.5 9.3 3.0 58.5 7.2
2005 118.6 10.9 3.5 69.0 8.5
2006 130.6 12.1 3.9 75.8 9.4
2007 149.0 13.8 4.5 86.4 10.7
2008 122.4 4.2 4.7 57.4 8.4
2009 137.5 4.7 5.3 64.8 9.5
2010 161.0 5.5 6.2 75.7 11.1
2011 176.0 6.1 6.8 81.7 12.0
2012 189.2 6.6 7.3 86.6 12.8
2013 193.0 7.0 7.7 79.1 11.9
2014 219.9 7.9 8.8 91.5 13.7
2015 222.8 7.9 8.8 96.3 14.4
2020 287.9 10.3 11.4 9.7 3.8
2025 325.8 13.2 14.7 12.4 4.9
2030 405.1 16.5 18.3 15.5 6.1
3 &
3.1 HETHGE v B s AT I B xR H] 5k

TR 1 R B T A 1 U 0] T LK % 0 i
v RS HE B AT I A A s R AR
IV RS R I Geit 2 b E
T WAL v B s A e e 5 T I GDP 2 i3
L T B AR R X GDP K B ¥ AT A
THI A 2 A — BN 1) Py 1R 7K s i Jo) o 1 1k
T T J v ] K i 3 B b B Y05 FE RN R SCHE BT
MR EP S e L e S e R ES e g 4
T REIRHES W e P S

3.2 2001 4F,H [ K % 1 fi Mk R vl v FE A
790.9 J3 t, SIS A AE ) 3.2%; 2012
AF, W E K BRI H BRI FER O 23734 Tty
THSTIE BT FE R 1 7.9%.2001~2030 4,71 [F
K B8 32 B b R il R e R A G K A A 38 3
KNy 7.2%;2030 4, E K Hz b A b v #E
Rk F) 5951.8 J7 t.
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3.3 2001 4, EKEIEHIL NO,. CO.
NMVOC.CO,. SO, Al PM FE 43 5] 4 63.6,5.9,
1.9,2483.2,37.2,4.6 JJ ;2030 4F, H [E /K B iz fanll.
NO,. CO. NMVOC. CO,. SO, 1 PM HEji &
B>k 405.1,16.5,18.3,18743.2,15.5,6.1 J7 t.
2001 4=, EMA NO,» CO. NMVOC. CO,.
SO, Fl PM HE i i ot St ia HE AR (1 L F 347
3.2%~3.4% /5 A0, 0T B B, B 2012 4F,
B A E Y AE 7.0%~10.0% 2 [H].2001~
2012 4, W EK Mz ik CO, HEsce: 5t A iiiE
HEBCE M LT 3.2% B 5K 2 7.8%; 3 2020
AFR1 2030 48, H R K % I8 Hinlk CO, HEBCE: (5
ez HE R I b R A o B K A 11.5% A
15.3%.

3.4 2001~2030 4F, 1 [F /K B 12 4 NO, HEiCE 2
BRSNS AE AR 6.6%; Ho i) B
&, WEIRIE O tRiE NO, FlE 8K
HAH0 10.2%. 8.7%F1 4.8%. /K izl CO,
Hegoat B AE G a3 SR KR 7.2%;
H ftiE . VI IS JOm IR IE CO, HEUE:
EREK R AN 10.5% 9.0% F1 5.1%. A
MARPOL 22 25 6F [5] s FH A vt 2 12 (%) R, 55
fit & w2 UIAH G SO, Al PM HECE: 1 2020 4F
ZJRRE TR
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