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Abstract

Abstract

Transportation is of a great importance to the whole industrial production system,
with serious energy consumption and environmental pollution. The research on its
related energy and environmental problems is crucial to the sustainable development
of transportation, and what’s more, transportation is a major consideration for almost
all of the life cycle assessment (LCA) and its life cycle inventory (LCI) is
fundamental for related LCI and LCA. Inland waterway freight is an important mode
of transport in China. In this paper, energy and environmental problems of inland
waterway freight in China was analyzed and assessed. It is not only providing the
basic transportation data for related materials LCA research but also clarifying related
conditions of energy and environment from transportation itself.

In this paper, river freights in the Yangtze River cargo vessel, The Yangtze River
barge fleet, the Yangtze River tributary and the Pearl River cargo vessel were
investigated. Based on the actual situation in China, the model of these four typical
conditions was established, and the life cycle inventories for inland waterway
transportation were established by the models. The inventoried obtained shall become
the basis of life cycle management of all kinds of materials and products. This paper
also analyzed and assessed resource consumption and environmental emission from
river freight transportation on the basis of life cycle inventory.

LCI results show that CO, is the largest emission of pollutants for inland
waterway freight transport in China. CO, emission of 1000t - km freight turnover is
25.2kg, 6.68kg, 31.7kg and 34.5kg for the Yangtze River cargo vessel, the Yangtze
River barge fleet, the Yangtze River tributary cargo vessel and the Pearl River cargo
vessel respectively. LCIA results show that the biggest impact category of river
transportation is acidification potential, accounting for the total environmental impact
of 37.30%, 38.17%, 34.61% and 38.17% for each ways of transportation respectively.
The most important environmental load of river freight transport is NOy emission,
which contributes 56.31%, 57.72%, 52.09% and 57.72% to the environmental impact
of the four ways of transport respectively. The environmental impact of completing
the same cargo turnover in small to large order is the Yangtze River barge fleet, the
Yangtze River cargo vessel, the Yangtze River tributary cargo vessel and the Pearl
River cargo vessel.

The results show that accomplishing the same cargo turnover, heavy truck have
the largest environmental impact, and the railway freight has the minimum
environmental impact; environmental impact of the Yangtze River fleet is close to the
railway freight. In this paper, the overall environmental impact in 2005 was compared.
The comparison shows that the overall environmental impact of shipping methods in

decreasing order is roads, railways, Yangtze River cargo and Pearl River cargo.
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Figure 1-1 The situation of energy consumption from 2004 to 2007 in China
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IE I PREERE R, K PR B RN 281 73 Sy AN AT FE A B 5 FE Cabiotic depletion potential,
ADP). Ji& ZE 23 (global warming potential, GWP) . Bt % (acidification potential,
AP). JfbZ REJERL (photochemical oxidation potential, POCP). /K& & & F 4L

(eutrophication potential, EP) Fl A& F#i5E (human toxicity, HT) 757, FF
K B Br_E CEEATE AL IR SR A 2480 5 R SO e IR 52 i R B RN SR A 2 8 5=
2-1 P

% 2-1 P SRISAH ORI R S BRI 24

Table 2-1 Impact category and category indicator for the inland waterway transportation

BRI S KA R
AT A B FE(ADP) ke(Bh 4 i)
I % N(GWP) ke(CO, 24 b)
WAL AN (AP) ke(SO, %)
Hedl SRR U(POCP) ke(Z.4% 4 5)
wE IRL(EP) ke (PO, 24 1)

AR HER S (HT) ka(1,4-— 4024 )

HAET, FEMORIEERE LT U 1D Sl X RS AGE S YR
BEARPNARIER IR M SR . 2) MERA, X SEBARLEH] 2 R HORIC SIS
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ARG EIE . 3) BARACERR IR, XA DU it e b, N
PE FTAYE . BUBYERI A E SN IR BB AR . 4) SUARRER. WM
A, TS DL — M PR A AN SR A OB RESRAT THTE AR RE I 5)
FR. B FR N, TX A DA EAR 5% X B T IR S A5 2 O R R A
77 it R G SR PR RN o

HEVPUIR R PSR T e R AR R A SR B, R AR T
e R FRIRE . BRI A SE R AN R, e PTRE AR I ISR A
s R, PTLHEE RAZ I M R R A2, HAE LCA WHt a2 2 M .
DR AR SOR ) 4 B 7L

232 %

P RAERGE A R S BRI SRAAR RO HHES e, e A ENE
IR . =7 L ah R rhis Bl R AT R A Ik — R, 38 H RAIFIEG, &3k
BT G LIRSS AW o0 Fe AR S 2R o (B SEBRagErh, X o0 R e i)
RIZER, AT R AR E] . AR S P B EE RIS 73 RN 2-2 71

22 MEEMIERI 52K

Table 2-2 Classification of environment impact categories

B2 it P S I H

AT A R AE JREE, TR, RIRR
i % N C0O,, CH;» N0
FR AL NO,, SO,, NH;

T RAATE R CO, NO,, SO,, NMVOC
BEM NO,, NH;

N B NO,, SO,, NH;, Fiki#y

W RGBT DT H  (NOxw N0+ NH; 1 SOy (73
ARSCRIT fRIAAR B, B e TR A AL 20 BE 20 AS R s i 2R A o, R
TR BiC AR AR 1o

233 4$HEL

RFAEAL 25 BRAE M I A [ 2 S8 2 1) 2 M 2 SRR IE R e D7 f AR e 1 A2 i A
SRFEM T RFAE o FH SR R R AR AR A B -0 A i A 00 A SR B R e — PR
Br, FHAE— R SR A B A5 R AT & I DS R EAL TR 4 R - AR
PRSI B[R] — R A S ROR KRR EEAS [, ] fn — S AL R R SR AR P T g
PAAERRALONE, (ELRIRE AR P SR B4R R AN A o IR XS e M AT e
XM R

FERFIEALIT BL 15 RO PR A N B A BT S R (R Fia b e R, LA e
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FE R P B 5 DR 15K A 1A R P 60 5 3 S L SR e e 24 2
RS . AR SCR P 4 BEBUR RS 20 2 U AP RFAE A O, 4 B o s 3L
FIIR BT (A T H A X 40T
(D RATAEREFE, RAR (2D BT

IR, pp=Y; ADP;xm; (2-1)

X, IRy pp—— AP AR BEURTH FE IV RF AL 25 2R
ADP,— B i IR FENE /7, B BE Y8 v FE IR R0 PR 7
m—— BRI FE
(2 =S, KHA (2-2) #HATIHHE:
IRgwp=Y; GWPxm; (2-2)
A, TRy p—I E RN I RFIE L5 R 5

GW P—— i AR CO, IR 2 3N 24 & KT
m—A T HE R
(3) WAL, KA (2-3) #ATIHHE:
IR4p=Y; AP;xm; (2-3)
K, IR p— RIS PIRFAIE AL
AP—— W AT SO, BRI RN 1 &2 [R5
m— iR
(4 NpfERans, RHAX (2-4) #TiHHHE:
IRyr=Y HT;xm; (2-4)
L, IRyp—— N e F R AL 45 2R
AP—— W) AR T 1,4- &K BN AR B 451 36 30 M = [R5
m——) i PR
(5) et RETER, R (2-5) #7HE:
IRpocp=Y; POCP;xm; (2-5)
A, [Rpoep— 6= S IE BRI 25 5 5
POCP—— st iflx T LM ek 52 AU U N 2 R
m;— i S
(6) KIKEEFMN, KA (2-6) #HATIHE:
IRgp=Y; EP;xm; (2-6)
X, IRgp— KRB B FAL BRI 25 R
EP—— Wi HIxt T PO MR B 7 340 2B 2 B R T
m—A I HE R
W TR E ) ADP. GWP. AP. POCP. HT Fl EP /S FhIREE M 257 1)
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MEKFIER 2-3 Bk
23 NSRRI G B T

Table 2-3 The equivalency factor of impact categories

2Ny ARt HENT
ADP kg%
GWP kg-CO,
AP kg-SO,
POCP kg- 2.7
HT kg-1,4- &
EP kg-PO,”

AT B AR SRR BT A BE 2 M R AEAL R 3R Y CML A & IR AEAL
I, oA REVEAREIE R HE AL IR TSR i e O A5 1E CMIL BRSS9 3 (R R AE
T o ASCRH AR MR AL T WK 2-4-

3R 2-4 NERC AL R T

Table 2-4 Characterization factors for environment impact
FALESIt ADP GWP AP HT POCP EP
BT keBh keg-CO, keSO,  kg-(14)- 8K  kg-CHy kg-PO,”

JEUE 5.69E-08
JEL 1.42E-04
RIRR 1.18E-07
NO, 0.7 1.2 0.028 0.13

N,O 270 -0.427
CH, 21
CcO 0.027
NMVOC 0.416
PM 0.82
NH; 1.88 0.1 0.35
CO, 1
SO, 1 0.096 0.048

234 EBEMSE

N T HERE— 0 B S RGeS ARSI, 2R i A SR O B BOd
AL RIS P IR, e H /R T EUBCR i S A RIS R i S 7Y
IR RS o R, AR ST T ATk b R e — AL .

VA T8 I W R 5 R A i SR A S MR, KRR A 45 R S B E AT
PRI T 75 2SS AL 25 AN B A A - FEAREE R — AL H AE T35 Inxs privh 7t &
e RE IR AR RAIRHE ) 1A, AR B T AR SR (s mi (e B AT vl e
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2P IR AR ST 25 SR B DAsE o ) B VB R DA 6 . H AT I BR AR
JH BT S Y B U — AR S, 03k 2-5 B R EAS AT FAE B RV FE R
— AL FE R I - S S SR 2.14%x10"° kg B6 24

# 2-5 tHFE A B — IR AEE

Table 2-5 Factors for normalization with the annual extent of the baseline impact categories

28 -2 Egit] AL I — A A
15 3B (GWP) kg(CO, 44)-yr! 3.86E+13
Ak LRI (AP) kg(SO, % &)-yr 2.99E+11
Jeth 2 R AL B (POCP) kg(C,H, 2418)yr! 4.55B+10
N AR R 5 (HT) kg(1,4- 5K L&) yr! 4.98E+13
KA & B IR (EP) kg(PO,/ -4 1) yr! 1.29E+11

24 KRENG

AN () B T AR A dr FUAVE O 7 i34 7R RS R gk, =R T
A TR TS B i R EAVEAR 7 iR AR B o B TR TE R RE AN T AR TR RE
ERER AR L A AN R SRS X a0 % AN (3 Z T s = S AV BN
SOMRSRAY, ke A AR RO AT PP AR A, IR0 v 059 DL A R A 85
SOMSEA ) R A 73T 1A, SRR 7 OB RSB INEL, RN
AN TR s TR RO A BE S i 2 AT 04T (0 B
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FI3IF KIKREZEAE @GBS

3.1 KIIIKARFREHR

TR EKIZMEE I, KK ARSI SAHE, Kizidkr e iR aedR
HFELIAEHRW &F 20 fEWRFKizRgH, KILWIREER K, 2005 F
£ 2007 FFKILI briz o M bis i # S E Wk 3-1 Fis:

7 3-1 FRE A LA AT RIS i 1404 4750
Table 3-1 Overview of the Yangtze River Shipping and inland waterway shipping in China

o P % KK R Bz [;gﬁfﬁgj
wizE  KWEER  izk  KORER REE T B
2 v (fZ. tkm) 1z 1) (fe. tkm)  Frdibefil(%) B i Ee (%)
2001 7.1 1537.7 3.1 847.3 43.66 55.10
2002 7.6 1508.7 3 795.3 39.47 52.71
2003 8.2 1708.8 3.2 922.2 39.02 53.97
2004 9.2 2184 3.57 1200.43 38.80 54.96
2005 10.6 2626 4.21 1484.54 39.72 56.53
2006 11.6 3025.3 4.6 1675.87 39.66 55.40
2007 13 3553.1 5.34 2022.15 41.08 56.91

M 3-1 RAPFTLUES], 2001 4% 2007 (8], MEREEFHSMKE, N
T DL KT O is s A0 e BB AE AR D e o . IX LA, IRE W iz =I5
FEWK 10.64%, TEY BT HEER K 15.35%; KIT/K R iz B P aER
K 9.71%, YA ETFHEEEK 16.20%. FE PN s L KITK R s
(1 B ol A B MG K 2R 1) e T RIS B I, X Ui B P VR B gt I R A e ) 3
KB, X5 IS B S A e B 2 T s A — 2

X, KIKREE 5N TS &0 I REFE 40%/4 4, 2001 4F
2004 FAT & LB BT R BE, T 2005 R EE 2007 FERSA [FI . X BB E T
FIRTIY4RE, KIT/K R I8 & BN SVAE BT, (FSEK IR B2 A 0 Py i B 44
%%Kﬁmfmwﬁﬁum7$ﬁ$ﬁﬁ‘gﬂﬁ$t Tmﬂﬁ%mﬁgﬁﬁ
F, HXLEKIILIRIER e &1 B A28 T W g 3R, XKL
KR BRI & 7 N Bis S B I LIS R . 7E 2002 4F, KUK R BV E
AR TR, XN EEER LG TR T4 2.4%. {HM 2003 FF4,
HAYW A e T ia R E G, B R KM 5 KT N IT e A B i SR K
&R o 22 2007 4, A7 pyin] B34 8 % B 1 L A9 s 2001 4F B T 29 1.8%. it 2001
A 2007 AT S, KIL/K R i 5 10l i T T B ) Jo) e s o, X 13 B
X T H BRI AIK R, KITK R P S G i R,

FERE i T EMA ERIRWERN AT, ARSCEL 2005 FAE N EHERT I
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KATK R IRIBHEARIREIR M. 76 2005 4F, KIT/KREY AKX 1484.54 12
WAL, o5 3T IR B e S 2 56.53%.

KK & 718 77 3 B WS B 2 i LA S A A AT 1s 50 o R BA IS & VT
s —mEZTT I, © H— AL AES) 7 B AR S — 8 RO 3T A0 2 R
PAREAT 008 . A BRI Lo (3D Mraliss R plsh Tt I L
A G TH J1 B AT LU B E R AR LS T HINLBN B2 . ARBA IS i B A 300
B, WZAKAERTEN, dmH RIGSER A, A RISy . 2308 71#
T TR AB E AT B TR S A H HEE R A 2 A o VLS H T S R AT 22
AECR, HALBh T AGIE e AR SCRE PR

3.2 WMRENSTEEMNHE
32.1 #EREW

WERCH S 1) SR KIT LR 242 T B 52 il & Be W &) % 8 1 A i B A
B, 2) 40T TR KK Se s S e 2o A o W R i SR REYRF
FH A S5 GeHERCIRIL, 12 Wi 3F RS H Al /KIS 7R R AH 96 1 8K SR AN A
MR, TFoRNGE BB M RIS M B2 51k, 3) KILAREH 7 2N A ar
JE IR ERAT NI 25 55, AR AT BRI Ko 75 S HE T ) 15 e A oS0 2 A D
P
322 WEREE

PR 2B i JE BA VAN 77 00 o SC A S AR FBURTE 52 ) ELAR B AR X4, [R] A 2%
AR E PRKIE A G BIRE AL WSO FUE T L R SRR AR A s S by
B AR A= 7= 1 A A v B B o b T8 P Y B TE AR AN A i B B AR o o i o
TEIHIAT, R 7K B SR IS 4 RIEAT VA, SRBRAE T8 b Be. B T Anig s
Bt R P S s e () R 2 R S R A Ak, iR IR — B BOMS AR R B AL IS AT %
VAL FREETS Y STk i KD, R s SR BT ISR T AR AR & S A
FESHEEG  HALE FEPRMIERE . [RIE, B FOMTAOAE AR 1 PR B3 52 0 106 251 7% FE AR
A P AR I R, BT DRI B AR P2 B B R A K B s ik R i — AN R
WEBNABIR . Fh, ABEFAAEE . dEd . W 0 R IE A T it e A
WS S S5 AR UL T i i e B sh i REH 1E, IX R N e EIF= A
17 JE VAR 12 S B 1 A8 H 2 A AE T AR RS AR b, i Fe At AR DG AR 7 A
ISR /N . RAM T E Z A S HERE,  ASHIF 72 A0 A5 FE AR I I A B Y B
323 MRFIER

PRI K B 5238 T AN B LBl BT M IaH, LA HERG 5 BG4S B2t AT 12 %
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A BAIZ Hr 2 KL Frig i A s e sz — o DRI, AN SCHIF A0 0 G A 6 K VT B 7R 6%
M, VDM TERA, VT 5 B S R T
3.2.4 IhEEBRI

ARG ARSIy e iR, Btk Re, HAFH e S5E K AC @
BRI EA — 0 nT LR, ASHIF S D Ae AL Y S R AR AR SE R 1000tkm
(1 B o e 2
3.3 S AHBERE S
331 KTIHBEEGEIREER

TSR KT A R S S AR A . 2005 AR KV VS 2R 3 48 00 1) P9 TeT i
RAIHE =R 3-2 Fiw:

F 3-2 2005 FEATLUER E A0 1 ] AR B DY

Table 3-2 The amount of ships in major provinces along the Yangtze River in 2005

Py Pigiite-id R E R PR PR ER TUPTE
() ® (kW) ® (kW)
g 3763 364853 168226 97 45
EN 2130 1806418 522439 848 245
il 6122 730269 319961 119 52
bikle 2945 1352984 430548 459 146
tANi] 4772 952969 355405 200 74
2R 29567 12798959 4977938 433 168
175 31117 6226702 2851207 200 92
ki 1008 215314 116701 214 116
M 81424 24448468 9742425 300 120

RIEE 3-2, 2005 FRKTLHTE I L4 Oy P 1 TR RAST 2514 2 E i A7y
300t, “FIJFENIIEA 120kW. KL, BT IR B TR (1) 2 2000 7€ 153 R
I 300t, FAHVEUE RS 120kW, THFERR NS . ZBAARRKIT K RBAA
Teia THRE L. MRIEKIT TR AP AR D, KT SR S8 e 24 (¥ i it 2
N 12km/h.

33 HJ A 135 RAISEIHLE AR IS bR

Table 3-3 Technical specifications of 135 series diesel engine

AR BUE DA/ 12 /NI D AR T FE R

S

(kw/r/min) (kw/r/min) (g/kwh)
(A)4135CA 62/1545 50.3/1500 <233
4135ACA 77/1545 62.9/1500 <233
6135ACZ 115.7/1545 94.6/1500 <233
(A)6135ZCA 137.5/1545 112/1500 <229

6135AZCA 161.8/1545 132.4/1500 <229
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135 RIS E TR AR E AL RIS LEL . 3 3-3 558
BUAEF=T ZAE = 1) 135 R VIR SSMPLA RSB AR . IXLESEmALF, e R 5K
TR B2 AT E ThR S oM BRI 2 (A 6135ZCA RUBEiL, 12 /NI ThER R
T FER I KN 0.229kg/kWho BT DhZEET, ASCLL 0.229kg/kWh 1F 9 JL A1 17
Fifs ENLHIFE I

TR TE AL e BN, EN A DIZE AT A (3-1) K.
FEHLEH )

AR TN = o —— (3-1)
Priz & x ik
X G- A
R Ry = P X BIUSITIIL g )

=]

IR x WU x AT A
R ML AT 18] 5 AT I TR ), HAR LA FAUE IR, HItE 515 E
AR, WX (3-2) A

BRI = D

VFECE S < TR

WA (3-3) PLEHERISE, KT 8 5 M A4 58 i 1000t-km £847) 4
i, MR ENUR TN 33.33kwhe  FRARHE LA FEI R n] 15 #7605 %,
1000t-km B34 Ji % = 1 FE A 7.63kg.

Zx 59PN 1) A= i J B It R A 55 B S A ) 3 a7 BN B T A A VR 7 A 7 P
AR B, HIE g B K T VISR IR TR BTN & R . HohR
AHETBC 3 B B R A PR AR AR R RS e, BFE CO, COL JERLE
EREAHIAEY (NMVOC). NOs. SO, CHyn N,O. Hki¥y (PM) %5,
3311 Kz HAFHBEZHMNENFTLRE RN T EAZRP BT B Y
H, B ESRAE MRS S HER o e S 7 MR SE WL H B Shis
P eSS G, A8 g/kWhe
(D BRI LT IR B IR, W50 A 3 2 R R
BRIGE™ A BT . A RAFIEI B K5 e ) NOx» N2O+ CHy COL NMVOC,
PM 1 NH;, HHSHEFIHE 7B ME S BRGNS (EEA) AFR (HEK
JE HLFE T 2007) (Emission Inventory Guidebook.2007) HaEFE RS T L& AL HE
R F I ER R RIEIERTFE LR 3-4 fis:

(3-3)
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% 3-4 REIERAREHPRE T SampLHRB A 75

Table 3-4 Not modified emission factors for uncontrolled diesel engines

THFEEHEK &3
g/kWh P<130kW P>130kW
NO, 14.36 14.36
N,O 0.35 0.35
CH,4 0.05 0.05
Cco 26.0-14-p"! 3.0
NMVOC 12.0-6.5-P*! 1.3
PM 6.0-3.0-P*" 1.1
NH; 0.002 0.002
FC, 272-0.12-P 254

R 3-4 FNFCoNIXETTAE R T ISR FE 5 . i T A B A

K BN DR SLERFE R FCH C A58, "RYESEPRARM R FCR R 3-4 HHHE
AT EIREEATELE, s (3-4) M1 (3-5) Fin:

fi=form (3-4)
FC
n= (3-5)

fi WEIERRHORE T, AN gkWh: fo A IERTHE ¥, B4

ghkWhsn NEIEREG FC ORI GURR AL 1 SERR AR T %, L0208 g/kWh; FCy, N

FEIR CHERGE AR T 2007) JTVER R MR M EIRFRMZE, AN g/kWh.
KAT MR LG A EHLTIF N 120kW, JHFEAN 0.229g/kWh, RIEER 3-4 Fi=
(3-5) AJH-EHMEIE R EBmAIME A 0.889., FEMRIEFR 3-4 A1zl (3-4), MIA -5 H
X 5> KA R -, L& 3-5:

R 3-5 KA M RS 005 G HFBE 1
Table 3-5 Yangtze River typical vessel emission factors of pollutants

59 NO, N,O CH, Cco NMVOC PM NH;
HO A F(glkg)  12.77 0.31 0.044 3.03 1.34 1.03 0.0018

KT COp, HHFRIR 7 r] UK I HE G #48 R 20 H 10 g 8005 98 B AL 4
FTREAT IR, WA (3-6):

(3-6)
feo, 9 COL BISEBRHIA T, BALN g/kWhs [0l fop 23 HINIEIE S CO
PM A -, BAA g/kWhs fyoc AFERMEANUL G (VOC) HIHERIE T,
HAEHE E& T IE R I NMVOC 5 CH, (RS2 BrHERUAN 12 F1, BA67 ¢/kWh;
FCHMAIENLLPRAEm S, AN g/kWhs ry e AR R 1505 55 R 150

ooy = 4011 (e oo froc o)

12.0114+1.008'1y /¢ 28.011 13.85 12.011
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2 b, 783 BB B 2,003 AR 4 2. (3-6) H] LA H COL HEUA -4 705.62¢/kwh.

SO, I R 7 FT AR AR AT A R 7 & A L A 2 o - AR R 42 S b
£ GB 252-2000 K7€ ()42 58 & ERE, FeslhimSENRN 02% (m/m).
TR B TE 3R 2 A 1%~ 3% I EL A5 6 Ak A R £k i A Aok ) — 373 B4, 4]
UL AT 98% IR TG EL A8 T SO0 MM AT LATHE H BRVH FE Tkg 42300, KHEK
0.00392kg ] SO,. HHAGAHFEMMZEEI P, KITHAGM SO, HMHKA A
0.898g/kwh.
(2) KITHA G s b B mOs 5 R4 O 1S e e+, mr DAk
— AT BT IR SR A AS S o B T R BRI, AN 8 7. D R S a8 far o
BHsE R, ik 3-6 ke

# 3-6 KILMAY RIS Sbi Be b A S OE 5

Table 3-6 A typical cargo ship in the Yangtze River running list of environmental emissions

154 FAARL Hei
NO kg/1000t-km 4.26E-01
N,O kg/1000t-km 1.04E-02
CH, kg/1000t-km 1.48E-03
co kg/1000t-km 1.01E-01

NMVOC kg/1000t-km 4.47E-02
PM kg/1000t-km 3.43E-02
NH,; kg/1000t-km 5.93E-05
Co, kg/1000t-km 2.35E+01
SO, kg/1000t-km 2.99E-02

3312 Mt AEFIRAGARFER D B TMRAE SRR BE RS
TR, XS KR B2 IE BIPRS00 Z5U R 55 SR A 7 i R BT A B 520
237 ARSI (lkg) SEIH A iy A 13 o

Table 3-7 The inventory for the fuel production of a unit mass

8 4 I H £ I AT
SR AR kg 4.73E-02
Be VR H AE Ji i kg 1.31E+00
RIS m’ 7.87E-05
NO, kg 8.40E-04
CH, kg 2.15E-04
CcO kg 1.33E-04
R PM kg 1.73E-03
CO, kg 2.20E-01
SO, kg 1.15E-03
WKL T kg 7.60E-01

&4 2 554 kg 7.70E-03
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R 7 5 o v AT A R IR A 77 10 A i R U0 B e ), A8 T B e
WA RNE R E, WK 3-7. ZIE R T S YIR R BN A A JE
o R SETS Re MBI

KT I B 58 i 1000tkm B2 % 2 (1M FE N 7.63kg, RILAT kIR 3-7
W R BT T 5 T RE RSB HTE BOM X S K R A R B BRI B, ELAR S SR
% 3-8 flizmo

% 3-8 I A AE S R HI B L5 7237 4
Table 3-8 The inventory for the fuel production related to the functional unit of transportation

I A A I H FLAT PRI e
JR AR kg/1000t-km 3.61E-01
REVRTH 6 Jh kg/1000t-km 1.00E+01
RIS m?*/1000t-km 6.01E-04
NO, kg/1000t-km 6.41E-03
CH,4 kg/1000t-km 1.64E-03
CcO kg/1000t-km 1.02E-03
A PM kg/1000t-km 1.32E-02
MR CO, kg/1000t-km 1.68E-+00
SO, kg/1000t-km 8.78E-03
AR T kg/1000t-km 5.80E+00
[ P % 724 kg/1000t-km 5.88E-02

33.13 et KizuARENAESARFE BKILIEH B R A a1
T A5 22 ARG N PR R 2B PR T BN AZE AL, mitnT DAAS BT B A B A e
IRINRE AL IS F A A Ay S B, R 3-9 B

% 3.9 KUT ST T 5 R At B R 19 4 UG B
Table 3-9 The life cycle inventory for the functional unit of Yangtze River typical ship

WA e 1 H iy W5 e
Jir A kg/1000t-km 3.61E-01
REVRTH 6 J kg/1000t-km 1.00E+01
KRR m’/1000t-km 6.01E-04
NO, kg/1000t-km 432E-01
N,O kg/1000t-km 1.04E-02
CH, kg/1000t-km 3.12E-03
co kg/1000t-km 1.02E-01
NMVOC kg/1000t-km 4.47E-02
PR PM kg/1000t-km 4.75E-02
NH; kg/1000t-km 5.93E-05
CO, kg/1000t-km 2.52E+01
SO, kg/1000t-km 3.87E-02
AR T kg/1000t-km 5.80E+00
I8 PR 5240 kg/1000t-km 5.88E-02
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332 KIIHBMAESEIREE

FH AR B A 2 A B AT 8 5, R KT 2R s i —Fh EZ 7 . X FixX
Fhig )y 20, RURE Se 2 ST AT S AR R MBI, TS0 AP 7 o MR 4R A 9 SCRR PR E
KA 5 T AL A 14000~ 18000t, AL HER & A 9.8t/kw, AT LUK #iL AL
BAAE TR 1) 2 500 1 N R B 16000t, HEAT EHLEBUETIER AN 1633kw. A E
HEMT I & EHLTHR AT AN 816.5kW o ZAL AR AT T30 18 S s DA A4 5 1

BT L KTA38-M2 HF£ET)% )y 783-895kW, 5 LAY AR AH EALL)
RPEIT . KTA38-M2 S8 AHLAE 783kW Al 895kW ITHEH R T AR, HAREHEFE
529 181.7L/h 1 208.9L/h | F 2 M4 (L 1 77 92 T LATHE H iZ K B HLLE 816.5kW
ITNZET, FEMZEAN 189.8L/h. SEHI )% FEHL 0.85kg/L, 1% K BIHLLE 816.5kW 1
DI T FEM AN 0.198kg/kWhe HITIIFAHLT, ASCLL 0.198kg/kWh 15y St Y
Firs AR 1 2 LFET 2R

AT R AR SE PR B I8 i AL T 10km/h 24507 5%, (R e wT
W TR BARE 7R () F s 06 52 O 10km/hoe AR 3 (3-3) LUK L TR A BAAK TR () 2 5,
KT IAFEEAEE 52 A 1000tkm BEP A e & F, AE AL D2y 10.20kwh. 5
FRFE AL AR FE H 56 m] 45 AR TR A 52 A 1000t-km 5847 % & T FE A 2.02kg

SRIT IR B EAL, Pl =5 i () A= iy ik A2 0455 S 2R 9 A PR3 A By BRI AR 3 )
el
3321 Kix@AfEpEHm AT ARATERE SKICEBEMATET
BB, 7 0 MBS far b Bt AT IS B g H B e RIS BA TS A HE A 1
(D BHEHBRA 7+ KT ENLS D% 1633kw, HFEN
0.198kg/kWh, R¥EZE 3-4 A1z (3-5) AIfFHEIE REMBIMEN 0.779. FRIEER
3-4 10 (3-4), iHEH NO. N,O. CHy;w CO. NMVOC. PM F1 NH; FIHE
T ZERAERIHEBR 7 B0 (3-6) R3] RGBT AR SR OB
e LA R i A5 31 KV S B BA A HEUR 7 2058 3-10 Fios:

* 3-10 KILIAIFEEA )75 G HES A 1

Table 3-10 Yangtze River typical fleet emission factors of pollutants

1591 AL HERUA T
NO, g/kWh 11.19
N,O g/kWh 0.27
CH, g/kWh 0.039
co g/kWh 2.34

NMVOC g/kWh 1.01
PM g/kWh 0.86
NH, g/kWh 0.00156
co, g/kWh 611.08

SO, g/kWh 0.776
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(2) KAl BAsuE 5 AR e s B HR 1, v BAE
— P RAT BT SR I BAE B B B A B HE IR, AT SZ. D RE BRI Fa T
BCHOE R, WiER 3-11 Piow:

* 3-11 KIT M AR s Frb B A S HE O 5

Table 3-11 A typical fleet in the Yangtze River running list of environmental emissions

159 FLfr HECE
NO, kg/1000t-km 1.14E-01
N,O kg/1000t-km 2.78E-03
CH, kg/1000t-km 3.98E-04
co kg/1000t-km 2.39E-02

NMVOC kg/1000tkm 1.03E-02
PM kg/1000tkm 8.75E-03
NH; kg/1000tkm 1.59E-05
CO, kg/1000tkm 6.24E+00
SO, kg/1000tkm 7.92E-03

3322 BmAFEAGARFER D MAMIATER 1000tkm &Y &
AR 2.02kg, [RIFHKHESR 3-7 HH %, 75 Dhae 50 is Sl B xR
WA A I B IE R, BAREE R 3-12 Pk

2 3-12 5K IT BT AE AT IZ I BRI R S A 7 i o

Table 3-12 The inventory for the fuel production related to the functional unit of transportation

M5 s I H E& W5 e
Jir A kg/1000t-km 9.56E-02
ReVR T #E J kg/1000t-km 2.65E+00
KRR m’*/1000t-km 1.59E-04
NO, kg/1000t-km 1.70E-03
CH, kg/1000t-km 4.34E-04
Cco kg/1000t-km 2.69E-04
S PM kg/1000t-km 3.50E-03
CO, kg/1000t-km 4.44E-01
SO, kg/1000t-km 2.32E-03
AR FEH) kg/1000t-km 1.54E+00
[ 42 152 5540 kg/1000t-km 1.56E-02

3323 AR KT RABIG £ G AAE AR B f 0
55 2 AR 27 03 56 1 B2 5, T B BT SRR 55 3
B SR G PO B, 9% 3-13 BT
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R 3-13 UL SRS e R B A8 o i A= i Je) 19 R
Table 3-13 The life cycle inventory for the functional unit of Yangtze River typical fleet

I A A I H LA I A
R A kg/1000t-km 9.56E-02
REVEI FE J kg/1000t-km 2.65E+00
KRR m?*/1000t-km 1.59E-04
NO, kg/1000t-km 1.16E-01
N,O kg/1000t-km 2.78E-03
CH, kg/1000t-km 8.32E-04
CO kg/1000t-km 2.41E-02
NMVOC kg/1000t-km 1.03E-02
T HE PM kg/1000t-km 1.22E-02
NH; kg/1000t-km 1.59E-05
CO, kg/1000t-km 6.68E-+00
SO, kg/1000t-km 1.02E-02
AR F ) kg/1000t-km 1.54E+00
EELNpE XY kg/1000t-km 1.56E-02
333 KIIXMABGAREGEEER

VN, WHIEE . YL =4, KILSOmBTE & 7 4KE 7, 2005 FEA 1300
VB 1 R ek 20 30 o AT 1 i U 68%. 89% A 73%. BRI, TTLIAR
P I =48 IR AR A 15 U AT SR SRR, SR T KV SR I8 I 3R 5
S L o

MRAEER 3-2,2005 VY )11 51 FE VLG =48 IR B 00 T 35015 2 B kA7 R 140t
S ENLINER A S8kw o PR MK YT S I #1287 AR 2R S 400 e o 3L & 140t
EHBE TN 58kw. MR P T ARTIED, K KT S0 g A B8 M TR 22
10km/ho ZAEAY FHFARR KIS 0is T H BRI L.

FLA R 3-3 RSNl S5, 4135ACA RULEMMLAThR 5 30 s 7 55 i i)
FWLI R I . SfE KT A AR ELUFEM 2 1 75250, IRPESR 3-3 (1)
B EA R, AL S0 7Y B AL FETH 2 00 %€ T 0.233kg/kwh.

R4 (3-3) DLJ S RSB AN B (2 80, KT 3 28 S A AR R 56 i
1000tkm B2 A A B iny, MEAHEALRIHE DIA 41.43kwh.  FRARYE EALAFE 20T
13 LAY TR AR 58 A 1000t-km 524 i % & BT FE A 9.65kg.

KL D% Mz A i Jo S0IT B 2R AL, =% R 1) A i 1 A G955 i R A RE ) 3
B UL BRI i AR 7=
3331 Kix#A L AREZmHBAESTARFERD  HRKITHA AR,
1 SR B RAR SR PR B G HE R -, AR e 0 SO T MRS I B TS R E
(1) HHRHEE T KILCm BRI AT =N I E N 58kw, JHFEN
0.233kg/kWh, HR¥EFER 3-4 F1X (3-5) AJiHEHAAEIE R EPIMEN 0.879. FFHHE
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% 34 ik 3-4), HHEE NO,. N,O. CHyw CO. NMVOC. PM Al NH; [fHHE
R T ZEABRHERA TR (3-6) B3], AR HERA T BT
5 KT S A B AR R i R VAR [ o VT ST S AR TR A I S
WIHEI R N3 3-14 Fios:

R 3-14 KALSCRIAL G 1075 GV HEBR 1
Table 3-14 Emission factor of the typical cargo ship in the Yangtze River tributary

P L) LKA HES A ¥
NO, o/kWh 12.62
N,O g/kWh 0.31
CH, g/kWh 0.044
co g/kWh 438

NMVOC g/kWh 1.97
PM g/kWh 1.32
NH, g/kWh 0.00176
Co, g/kWh 712.94
SO, g/kWh 0.913

(2) KILSCHL IR B i fa b Bol e 5 AR9E e M5 e v, )
PAE— 2D T H AT BT SO AR B A S8 S b B b I SRR, T 3L Tl g
Az fb BOHERGE 5, 1 3-15 k-

*® 3-15 RILSCH LA B e I b B b A B HE U R

Table 3-15 A typical cargo ship in the Yangtze River tributary running list of environmental

emissions
bR LY <K A HEs =
NO, kg/1000t-km 5.23E-01
N,O kg/1000t-km 1.27E-02
CHy4 kg/1000t-km 1.82E-03
Cco kg/1000t-km 1.82E-01
NMVOC kg/1000t-km 8.17E-02
PM kg/1000t-km 5.45E-02
NH; kg/1000t-km 7.28E-05
co, kg/1000t-km 2.95E+01
SO, kg/1000t-km 3.78E-02

3332 BmeyAFIALEGARFERE MBS 1000tkm TeYE i
EHIHFE N 9.65kg, FIRHMKIRR 3-7 HREE, 2575 ThEE AL s ik B X
FRIR I 2E P2 B BT B, Bk g B an 3k 3-16 Fios:
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£ 3-16 5KILZHRIA

S I RE SIS FaT Y BEAE X L) 45 3 A = I R

Table 3-16 The inventory for the fuel production related to the functional unit of transportation

W H LA PRI e
JR S kg/1000t-km 4.57E-01
REVRTH 76 J kg/1000t-km 1.26E+01
KRR m3/1000t-km 7.60E-04
NO, kg/1000t-km 8.11E-03
CH, kg/1000t-km 2.08E-03
Cco kg/1000t-km 1.28E-03
o PM kg/1000t-km 1.67E-02
HEHIFR o, ke/1000tkm 2.12E+00
SO, kg/1000t-km 1.11E-02
WAKIE W) kg/1000t-km 7.34E+00
[ A % 724 kg/1000t-km 7.43E-02

3323

A A KT A LA A G B A F
A5 22 RE T LR A 7 BT B 0 BAZR
B e BRI ) A A R TS B, ANk 3-17 s
% 3-17 KILSOR A GRS

AR, BT PSR TT S

B 12 Jar o B 1 A A

SE AR T e BRIz a1 A o A I A

v JE TS

B

e =

Table 3-17 The life cycle inventory for the functional unit of Yangtze River tributary typical ship

WA e I H LA PRI ar
Jir A kg/1000t-km 4.57E-01
REVRTH #6 J kg/1000t-km 1.26E+01
KRR m*/1000t-km 7.60E-04
NO, kg/1000t-km 5.31E-01
N,O kg/1000t-km 1.27E-02
CH, kg/1000t-km 3.90E-03
CO kg/1000t-km 1.83E-01
NMVOC kg/1000t-km 8.17E-02
s HER PM kg/1000t-km 7.12E-02
NH, kg/1000t-km 7.28E-05
CO, kg/1000t-km 3.17E+01
SO, kg/1000t-km 4.89E-02
AR FEH) kg/1000t-km 7.34E+00
[ 42 152 5540 kg/1000t-km 7.43E-02
334 KIKR=MEWANERERILE
KT IR B L ST A AN S SR B A =iz a7 2056 B RE B A s i )

Az iy P ST FEANHERCAS R 3-1 Fros, B COp DAAMRIR S5 GePnEiscant&l 3-2

I
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Figure 3-1 Consumption and emissions of three transport modes in Yangtze River

6.00E-01 -
S
5.00E-01 ~ « NOX
=
e = I N20
< 400801 ¥ |
- S = CH4
mH}H B :
= 300801 17 ¢ .f 5 CO
e - NMVOC
X 2.00E-01 -
[y = PM
r
K 1.00E-01 . - = NH3
= % 502
0.00E+00 B — 2 - il e W

USIW il KL LSIRIHUN

K 3-2 Bk CO, AAMIR 5 AWE I
Figure 3-2 Emissions of air pollutants other than CO2

MK 3-1 el UE BT =z ey U B S8, e AT e s rb S5 v
FeRm K. W THEHR, =FagiyAn) Co HlE R K, 588 1000tkm Bt
W s BN A HETBCR: 20 )M 25.2kg 6.68kg A1 31. kg o H VR AR I3 FEYD BT o
SE R A [ D24 8 e s B 0 T, e 2 T FE I e IR 2 HE TS ) & 4, #
e KT S B R TRV BA SR /N o AR, Ji 1 A B VT B LA T SR B s
20.92%, KITHIBALLKIT SR BTHEDN 79.07%; CO, HEE KT 52/t HL KT S0
TR/ 20.41%, KITARBA LRI SR BT/ 78.90% .
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M 3-2 HHa] DUE B F KT I AR LA, BR T CO,s HEE I KK
KI5 RIWIR NOy. CO. PM F1 NMVOC. W FHKIT 32 B i HE A Ik T
CO, 1t 72 NO,.CO.NMVOC #1 PM, {H & NMVOC HHF &t PM K T 14.75%.
—Hig 7 U SO, 2 HLE E E 15 Ie)

3.4 4 BRI IIEMN

TE TS R Rk T KIL RIS P K ) & SRR FE S5 HRCE R B K/
N T ERRATAN FEAE A BRI ) /NI B, 7R AT A A B SR AN
T B g6 436 (R P 855 ) RS Ak, I B8 5 FH 28 20 2 B0k 7 5 M e A i S ST
A,
3.4.1 AR, KBRSHAIFIENRBIAERE

AR AE A A VAN B Fe AR HE LR, K PN VT B3 1 B2 5T FE A5 G HE 8Os 5 4
PN BIAF I BE 2 e S A, 25 R R g0 P 0 PT LU AT@E A, AR SCR A
FEE PR b CEEAE BRI 88 | RSO 74 73 K5 1 . 5 AT
KIFEM A GO0 SO A7 far 43 R 45 SR WA 2 B 3R 2-1 Ak 2-2.

AR, FEARFORAA PR 754 32 B3 pl A s R AN 5 DA R K5 3, 1 H R
TAX P T T RS R 00 A PE AN ASEA v R , FiT DAAR SORFIX P 28 PR F2 40 (1) 2 i R T
DA S ASCEE RPN AN AT AR SRRV RE . IR RN . BRI k2 AT
B~ E B IR AR AR R S

AR HEIE LCA A2 Z B L2 M AL THE RN, 2.3.3
Ik (2-1) & (2-6),

3.42 4FEk

RAEAL ARSI BE R SR DL P gt P PR T S RY , SREAS 21 F A= i Jo 907 o
IR S AL A L A BN TR A o AR SCRT 8 S BAH SR e HE TR B A SR R M R AL
BT WK 2-4. RIS EHA, S5EHBR MR B 5 TR BT B
AL A BT SZ i B ) R Sz S s fan i SR 880 AR AR AL 2 2R, L3R 3-18.

7 3-18 KILTRIE M B MR AEAL 25
Table 3-18 The characterization results of Yangtze River transportation

AR FfL KILHE  KITAEBN KIS0
ADP kg B 1.42E-03  3.75E-04  1.79E-03
GWP kg CO, & 2.81E+01  7.45E+00 3.52E+01

AP kg SO, 4 & 3.41E-01  9.14E-02  4.21E-01
HT kg (1,4)-—F A ME  561E-01 1.50E-01  7.00E-01
POCP kg C,H, 45 3.09E-02  7.50E-03  5.07E-02

EP kg PO 4 E 5.62E-02  1.51E-02  6.91E-02
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K 3-3 LU T =iz i 7 AU & s R TR EALZE B . 5B B T 45 R
ek, B IREERZM SR A I KL S KTV B M de /N o A AN AT A B Y5 AR
KATHRBA LT IR/ 73.5%, SCRERAR LT IR R 26.46%; i % ST
AN LEARAT BN 73.46%, SCIR ML I BRI K 25.37%;  BRA RS AT DA
ELKAIT B ME/N 73.20%, S B EL KT SR AR K 23.36%; N AR fid B YT AR A
PRI BN 73.24%, SO BEAR ELRTT BT AR K 24.86%; Jotb ¥ RATE g E K
TEARBALE RTINS 75.70%, SO BEARLLKIL IR AT K 64.30%; KA E BRI K
TEARBA LTSRN 73.16%, SCIBEARLLRK VT IR AT K 22.96%. i 01 Miz 1)
JepbFREF BB EE S HTL (WRITER 64.30%) F 22K AR BN
() NMVOC 1 CO HFgtist i, HAKRTL B 70 il 2151 82.84%H1 79.60% . &5
RS KT SRR T RKIT B ARR T VT AR A, 1 35 B R R 52 R AL B4 Ja e o=
P BAH FE IR 2, T SO B M VE AR B % o

NINE S ¥ A -

T e %{? el
Vgl g N D B
a) ADP b) GWP c) AP

MK Yt (ke)
=
[
o
CyH, kit (kg)
o o
o =
(=] o
POt (kg)
O D
D l—l
=] =]

= 0.00

(L4)- 40K

S ﬁ\“
S o &
& & x:f/ @ o %f’
d) HT e) POCP ) EP

3-3 FaMiRAVRFIE AL 45 2R FLA

Figure 3-3 Comparison of characterization results in each impact category

343 J3—1k

FAEAL IS FEAS 2 7 RIS RN ST A8 G 8, (HEATT RN A 40
. A 2.3.4 FEfE AR HELE, KR 3-18 FHIRFEAL A R 5 Z AT T
iﬁ?%)\ﬁﬁﬁ%ﬂ%fﬁ\mEI‘J*HXWC/J\ RFE AT LAEAS R PA S S8 A 2 [R]3E4T EE AL

KAL & Fh iz Iy A — 2R 513K 3-19.
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* 3-19 KILIRERIH—fLgs R

Table 3-19 The normalization results of Yangtze River transportation

A Byt KA KATHRIA KL
ADP 6.62E-14 1.75E-14 8.37E-14
GWP 7.27E-13 1.93E-13 9.11E-13

AP 1.14E-12 3.06E-13 1.41E-12
HT 1.13E-14 3.01E-15 1.41E-14
POCP 6.78E-13 1.65E-13 1.11E-12
EP 4.35E-13 1.17E-13 5.35E-13
A1t 3.06E-12 8.01E-13 4.07E-12

K] 3-4 NKITK R =Fhbtiz 77 A H— b R . MBI LUE H, KIT
IKZ ) =Fpb2aa T7 2, 58 BeAH (] () B 400 J e B, VT S B M (R A 055 52 Wi B K
FPRSE R LAY T M AR R R 32.93%; KATARRA RS2 i /)y, PUAGYT 28
TN 72.82%

5.00E-12 -
B EP
4.00E-12 -
3 - POCP
' 3.00E-12 - o HT
B
& % AP
S 2.00E-12 - :
W : GWP
m 1
O 1.00e-12 - ADP
0.00E+00

SIS TR SN N S 1

3-4 KILBE I — 14

Figure 3-4 The normalization results of Yangtze River transportation

3.5 LR

KALK AR =M Eeia ) a0, S8 B R B i e, TR A IS B (R 34 05
SO R /N o PR PR KA BA R 2008 & L 53 A b iz a7 N IR & KR8 2 . [
o A BAHHE A ) SE AL 3B BB, BT AR LIRS BB T SR AR /N o 8 M BA
FRIFAT T BE LE B AR RO AT SR A AR, o T BRI B B AR/ N (R R Tl R A A5 4
SERB A RIS DL, M A IE S A AR RS Mz /N YT S AR AT T SR B¢
P BOPA B o KT SR B AP B R 2 AT M BA PRI B 52 K, 2 B A
NRAL SR BTN, XA ENL DR IR B B FI T4
NI MDA, AR LA T AR ARG RN . X P95 T R BT KL SR
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Figure 3-5 The impact categories' share in environmental impact

K] 3-5 AKITLK R =M tig 77 A & s KA B o5 Lol v LR BH— 1tz
Je, RITERAE . AT BRI YT SO 57 Ms 40 2 B A SN s il e, 0l o I
=Rhizkn T BRI ) 37.30%, 38.17% 34.61%; KT B AT A PAY
IR BRAV RIS IR 55 5 M 28 TR U I 25 RS A A2 BT A, EAT153 ) o5 KT
TR SR BEF M () 23.76%A1 22.18%;  HACTLATBAIY 24.09%H1 20.58%. KIL3Z
BN Ak 22 BLATE OB E AR O, 31T 27.41%, T 2 RN 00 5 3] T
22.41% o KA ST PR A6 5 SR B (A A R K 32 B2 PR R = L) 2648
N, BEEH NMVOC R K

= Fhiz fa 77 2B BT RS e SR B oK AR E IR A B DTERZ AT RN, A
14.23%- 14.59 1 13.17%; 10 A 0] FAE BEIRVH FE R DTRR AL 2% 24, N fi
IR EART] 1%, A LZBEAS T

K] 3-6 o 1 =Fhiz i 77 20 eI AE IR BEHEBON BATT & B P EERZ M0 DTk
R/ ATRAE BIEAR CO, HEE RN, HEXHEMEME/NT NOx. KIL
= b iz 7 O PR e KA B T 2 NOx» CO, A1 NMVOC HIFFI
X =5 Ge ) i) HE RO VL B A 1 SR B 52 W 5Tk 0 il N 56.31%,  21.34% A1
13.36%; WTHILATEA IR EEZ I DR 73 70 57.72% 21.61%1 11.80%; AT
ORI R B RS TR 20 1 52.09%- 20.17%A11 18.38%. N,O X PR35 541 1]
RN A, R ER RN RE R A RS, AT AR B2z 18 B R ik 2 S
B 77 o
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Figure 3-6 The contribution of environmental load to three ways' environmental impact

] 3-7 R B2 KT L A B s B BRI A v 2B 71X B AN 2B i i BARY B
G HERL) TR « NI FR B $), 98.52%[1) NOx- 93.34%11 CO, A1 100%11] NMVOC
H AR AR IZ S BCHEC A2 P T RIS R IR 0 is i, =R R BS54
KR4 R K B IS RN ENLR S HEL
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50% - R AR P I AR
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Figure 3-7 The contribution of life cycle phases to pollutants emission
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Zi b, A TBIRKIIK RIS MR WA RN INE. B—, BN YH&EEZ
LA IERe ), B NR BB KMAAE R 2. fm KL RAnr #ikiz
e 71 0F B AR 7K B B3 PR PS5 5 1 A AR (0035 B o A58 ) 22 A 90 A 4 S P A B I8 B
Al DL 35 PR s IS i, (H il TR SR LB R 2%, SERrigfind F2 4 7
BOAAEE. B2, MABTEARTBnsult R shPLEii . Ses il i &% T B
BRAR KI5 Yt HoE NOgs CO, AT NMVOC 3X = Fft 32 5 G i HE
3.6 AENGE

A 7 I FH AR i A VPAN 5 2 KT e 2R B L A YT AR AR YT SR B R AT
THEMEMSN, SR T eI A EE R, PR T PR A 1 A
SERR I KITAR RIS BREE = 2R s M i /N, KVT SO B Is (PR B 2 el
PN S L b e 1 B WAEZ Sy AR N I it DT g Ry AN = N 1 L
F AT
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F4E WDKBREzSAEwERASH
4.1 IRIIKZRIRIEHR

BRIT S B N 58 =K, JEIE N BN O — B I8, 5B N
YL, dBVL. ARVLCAERTL = MAME i R . N ETRRE s sl T
PO, 7RI . £ 4-1 42001 FE 2007 FF0[F N TR DL BRIT S ia M .

= 4-1 FE W LL LRI IS L
Table 4-1 Overview of the Pearl River Shipping and inland waterway shipping in China

s e BRIk &R RiE
Ay Wi iz ERANi$ S = oy 3 L
iz  WWRHE hids e R TRz it TR A
()] ({2 tkm) ()] ({2 tkm) T o EA5 (%) BT 5 EL A9 (%)
2001 7.1 1537.7 1.1 154.1 15.49 10.02
2002 7.6 1508.7 0.9 150.5 11.84 9.98
2003 8.2 1708.8 1.19 193.5 14.51 11.32
2004 9.2 2184 1.4 224.81 15.22 10.29
2005 10.6 2626 1.47 243.55 13.87 9.27
2006 11.6 3025.3 1.8 285.54 15.52 9.44
2007 13 3553.1 2.09 334.92 16.08 9.43

MF 4-1 HIRATATLLE 2, X 7 AR 1 2002 4F, BRILOTE R MG %
BHE T RFNK, RIEEMEYEEER T KESNES T 12.54%7FH
14.21%., HIt@ &P L g | IE S 1.9%, BHERITK R 1T
18 PR B AT AR T R P . HL R e S T i T S B G, X
RIS HIEE B AAE RS K (AR T BRI A S i E K R LUKV, 18 bk PR i ZEAH
ARV, CPE B G KA I e KR, FEERI KR MY
5 TR D) JE R = 1 LA BT T B

T ERIT SIS (s s, s E BRGNS T, bl e RN, otk
FRAIE AR BRI > . Rk, WFRERTI KBS T R REALsl e ia . oo
SEERVT SR BRSO Y o BRVL IR BE RO, (KR TRig TG 8 = B R AEAE
JURITPEHIAE, FTUAARSC FEEARYE AR T T B A S A B A A T S RV
BRI BT

42 WMREHSTERERMHE
421 #MxREM

WAL B 1) RGBT ALY Bz TR 58 il — 58 B4 o e 1 10 2 i el 1003y
oo 2) oty PRI ERITKES ST dan e AR a BV AR 0 R I BEIR . REVRA
P RSG5 GHEBCIR DL, 2 Wi F R 5 B AT A TR K AR AR 5% ) R BRI 85
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)RR, 3RO BB A RIS 1] B 2 5 1 i
422 M3EHE

AR AE A S PPN D7 R I i SR B AR 7 (1) Bt B BRI X, [ I 45
EERILKEA 5 IS /L W SOR I FEVE I 508 SR A AR 1Y) 3 a7 BORTIRA T 22
PRI AR B 8 R B B MR AR i S R R R S AR R AR AL,
DX K B B ia AR R BEAT VRO, RHEAE T s B BT A ARis S b B 34
SR SRR S SR R AR R 2%, TR — B BOW AR A SN B FE . AT
ZeyoTwkac R, DI by BUC PO R T M AR s ULEE R S HE,. HANS &
JATHFE o (RIS S A UM AR R B 2R S5 5 w0 20025 RE AT 11 A 7 I R A
SOMR), T CARR B A 7 B Bt e AN K A B AR AR ) — N R B A A
T3Ak, ARWEFCR M ARGIE . dEP . W 1 R TTE BE A RO R AT is T AR R DL K
BT AT (3 S AN B s B R AR 25 18, 35 RO 25 S8 B 7 i 2B i L PP iz S i B
RIASE T EAEAE T AR A I AT IR0 b i H A AR SSE A AR OS2 N o B
TORZARBORE, AT AR EE AT AR R Ja Ak B B B

423 MERITR

H BRI NUE FRF s, BRVT TS 1 ZARFENL SN BTN, 1A% A A BA o ERL I
AR SCHIE TS ORI AL BT

424 TIHEEE{I

N B SRS B AIs S Py S R B8 BTk RE, SRR bz 4y A
AT AT ERYE,  ASHIEFORE T AE FALA 52 Dy SR AR 5E A 1000t km B4 e e B

43 S EAHBRS

WHRT R4 A8 B IS T4 i, 2005 42T 248 11 VAT B2 A 10518 A,
PO B R R EE E 1911104t, S IhER 1732519kw. AR4E) TG HHE 4 5,
2005 4] P BT AR B4 6030 %, 1§ E(E 4 2034599t. 2005, 2006 FF1 2007
FETVAHLENAR IR 5 674658kw. 744182kw A1 917377kw, 06 £EF1 07 4F
IR R E KT 10.31%M1 23.27%. KIE] TEAELE, 2007 FEH AT
K 5743 JiT . HTH= 2005 4F) PO G A S Dh 3 e, 21X BRI 2006 4F
F 2007 ) PSR D) ZIE KR S PR D2 B K S AR, AT DU
2005 “E) P BT AR S D) F 0N 422352k W o AR 2 BT HEHE AT LATHEL AR e
B R s RN 238, FHIHE N 130kW. ik, B BRI A 1Y
PSR 2 H0 0 o P R B 238t EHLIIE 130kw o ABE HAs 5 KL SR 57
FLEAEIE, N 12km/hs
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7 3-3 W) 6135AZCA TISEMALIKEUE Dy 132.4kW, 5 ERTT AL B S
T ENLTDZRFET 2L GE AL 12 7N TR IR T FE 2R B KN 0.229kg/kWh
T IhREE, AL 0.229kg/kWh 7EAERVT ML 52 45 = AL AOFEIH K

FRPE (3-3) DU S B SR AR AR Y (1) 280, BRI B AL B AR 58 A% 1000t-km
RN, AN TN 45.52kwhe FRARTE LA FE I 2R T 45 S8 B
W 58 A 1000t-km G247 J& ¥4 B I #E N 10.42kg.

431 FRIHABEGEMcEMRESENERmE

(DS ZHER A BRI A B AR ) LI ZE R 130kw, JHFEA 0.229kg/kWh,
Y52 3-4 1035 AR HE IR REMIE Y 0.902. iR %K 3-4 F1:(3-4),
IFHE H NOy. N,O. CHy. CO. NMVOC. PM 1 NH; IHEIA T ALK
A 1 (3-6) 433 SO, BIHE TR ISR & 8 A AL HAR 2
THE T S KT BRI SO, ARS8 77 2UAH [F] o TRV S0 2 B3 Y 1607 G4 HE
TR T U 5R 4-2 Fios

R 42 BRILI A BT S e s R 1
Table 4-2 Pearl River typical vessel emission factors of pollutants

R L) HAr e 7
NO, 2/kWh 12.95
N,O g/kWh 0.32
CH, g/kWh 0.045
co g/kWh 2.70

NMVOC g/kWh 1.17
PM g/kWh 0.99
NH,; g/kWh 0.0018
Co, g/kWh 706.76
SO, g/kWh 0.898

(2) BRITHAL LTS b BEHEBGR . AR O e B0V B HEUA 1, wr RAsk
— BT EAS BB R B A A A2 S B P OB HEIG AT 32 Th e F A2 A
BAFGE #, ik 4-3 fos:
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F 4-3 BRVLIAY BT Iz San b B b A9 PR SR R

Table4-3 A typical cargo ship in the Pearl River running list of environmental emissions

154 HAr Heis =
NO, kg/1000t-km 5.89E-01
N,O kg/1000t-km 1.44E-02
CH, kg/1000t-km 2.05E-03
Co kg/1000t-km 1.23E-01

NMVOC kg/1000t-km 5.33E-02
PM kg/1000t-km 4.51E-02
NH; kg/1000t-km 8.21E-05
Co, kg/1000t-km 3.22E+01
SO, kg/1000t-km 4.09E-02

432 IIHBEANERMRE~IEESRREFERE

BRIT M TE T 5E % 1000t-km T84 A 5 & FIFE N 10.42kg, [RIBTAKIESR 3-6
FREE, ST 5 D RE B S S BOFR T R BRI A 7R I BT B, B S SR
% 4-4 iR

5 44 GERIT A IAE P SR BAHIXE T 0 2R 72
Table 4-4 The inventory for the fuel production related to the functional unit of transportation

B i H LX) 5 A
TR kg/1000t-km 4.93E-01
Re VR T #6 JR kg/1000t-km 1.37E+01
RIKR m*/1000t-km 8.20E-04
NO, kg/1000t-km 8.76E-03
CH,4 kg/1000t-km 2.24E-03
CO kg/1000t-km 1.39E-03
A PM kg/1000t-km 1.80E-02
R CO, kg/1000t-km 2.29E+00
SO, kg/1000t-km 1.20E-02
WK 7)) kg/1000t-km 7.92E+00
[ 42 152 5540 kg/1000t-km 8.03E-02

433 IngER{uBfiTHBIGARNE R EEREE

W18 Ha I B 1 25 iy A BT R AN 5 2 AR L PR vl A 7 ()3 BN BA 2R A 1T B
T DAAS B ER VT S 05 5E DD e SR LIS B I A iy A BT B, 0k 4-5. AR 4-5
AT LA B, &5 G i) CO, HEBE R, 58 1000t-km B2 A ¥ &I CO,
[FIHERCE N 34.5kg.
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S 4-5 FRUT IR BRI RSl AL 02 o O 2

Table 4-5 The life cycle inventory for the functional unit of Pearl River typical ship

I A T H AL 2N AR K
JR A kg/1000t-km 4.93E-01
REVRVHAE J kg/1000t-km 1.37E+01
RIS m?*/1000t-km 8.20E-04
NO, kg/1000t-km 5.98E-01
N,O kg/1000t-km 1.44E-02
CH, kg/1000t-km 4.29E-03
Cco kg/1000t-km 1.25E-01
NMVOC kg/1000t-km 5.33E-02
A HEK PM kg/1000t-km 6.32E-02
NH; kg/1000t-km 8.21E-05
Co, kg/1000t-km 3.45E+01
SO, kg/1000t-km 5.28E-02
AR T4 kg/1000t-km 7.92E+00
I 4 % 77 kg/1000t-km 8.03E-02

4.4 4y EHEAZ VRN

2 4-5 PRI BB h B R SR TR T BRIV ERIE BT L B - IR B A8 H B s 1 A
KRN N T BEFN VRN LI E A B 52 0 B RN B M, J AT A A R MR
M PEAT o
441 SR, RASHMBEFELRBRYEE

BT TE s A . SRS HORNIAEE 1t 1 R 5KV I Ie A, WLEE 2
HHIER 2-1 1 2-2. S5KILITE 04 B BASE v EAn AR R, X [ AR R AR R 324
FISZI AT LA RS . AR AR TR [ RE A FH 2 A Y
442 43EL

FEAEAC T 0 A R AH SR IR S HE U A B 52 i R AR AL R 7 L3R 2-4. ARIE M B
R, ghEA A JE TS B R 1 S AS B B UL TR A Th e BT TR Wnia i R R AE A 45 S
% 4-6 FTn:

R 4-6 HRILHUSH IR 45 R
Table 4-6 The characterization results of Pearl River transportation

S0

ADP GWP AP HT POCP EP
R

kg & kg CO kg SO ke kg C,;H, kgPO,*
$1E = %/ = ’ \g/ = ’ (1’4)-:5“% g\/ lZEl ! g\/ El4

e S S e Hh S

EC s
BT tria
1.93E-03  3.84E+01 4.72E-01 7.75E-01 3.87E-02 7.78E-02

FHEAL 453
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443 Y3—1k

AL A RE A5 PP A BT R SR A F R AR, RERFIE A 45 A S H (AT LU BT 45
BRA GG RARHE R RE AT A o FERREE R0 B BLE T 595t phrt 7
ARG AR RS 45 A E R 1 #, oKk B T A FRZ SR 52 fe 2 A7 wl b
Yo 20 B RS Jh S 45 R BR DL € B HEEROIN USRS e . AR AR
2-5 H VA — A AEAE o AN R] AR SRR B U — AR E B 5 KIVT SUs R TA -
BT ) IH— LA R 3R 4-7 P :

47 BRILIUS A — g R

Table 4-7 The normalization results of Pearl River transportation
PAESt| ADP GWP AP HT POCP EP it
JH—fb&E 5 9.03E-14 9.96E-13 1.58E-12 1.56E-14 8.51E-13 6.03E-13 4.13E-12

MIH—AEEE R BLE Y, BRI B0E G A S iR A, RN e K
IR, REE R R AR & & TR, N R b
B AL RN AT B M AR R, 1K R O EATT#R R 1A F TR
. BRILUE A SR BEE I Z LTI SCRBTMT K 1.61%.

45 LERER

M 4-1 A 0] DU B BRI /K 8 0 18 X6 IR 458 52 M) i K O 3 152 28 A TR & R AL 4L
Ny ML=, et 2 REFE KR E E 3R, 2 b 3BT S IA5E5 h 1
38.17%- 24.09%. 20.58%F1 14.59%, T AR R0 E IR EER B /)

1.60E-12
1.40E-12 -
1.20E-12
1.00E-12 -
8.00E-13 -
6.00E-13 -
4.00E-13 -
2.00E-13 -~
T T T -. T
ADP GWP AP HT

H—fas R

0.00E+00 T
POCP EP

Kl 4-1 RIS —feai R
Figure 4-1 The normalization results of Yangtze River transportation
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B 4F IR B A G B I AT
502
100%
© €02
80% — NH3
# PM
60% -~ NMVOC
40% =co
% CH4
20% 'N20
# NOx
0% . .
ADP_ GWP P R
-20% = g
T JFE

B 4-2 THAE S HEROR 5 TR Wi SR AL i TR

Figure 4-2 Contributions of consumption and emissions to the environmental impact category

K] 4-2 KON T ERVL IS 1L FE (1T FEAHEBON 25 52 ma 2R R Tk o KT 3R 5
SO K BRI ERAG RN, NOL I BTk I N R, 15 88.76%; SO» Hik, 5 11.21%.
X TUREBNL, COp MHEB MR SR, 2T 89.67%; NO = AN 5T ik
N 10.09; CHy RER=RN R, EHESER/N, SHEESM W TR N
1% Ytk 22 A TE B NMVOC Fl NOx B BTk 3 5 K, 73 A 57.34%F01 43.27%;
MET N0 2 5RAKAERN, BXHGHS R AT R E K Ttk . Kk
B E IR g R 5 1) T BEDTR A 2 NOL, BRI N I S L K BT
R 23N 99.96%F1 92.66%; AN R T AR B YR AE b (1) 3= 252 Ji EAT D) 2 of A Vit B 8 P 9
FEo NOK IIHFHON PRACRIE . Sl 2 BAETE R KA & 8 TR A A4 i 4 5
AR, WBRIT ISR EE 0 ) TTRA 2 T 57.72%, FUILREKIZ SRR K
NO, HERUR 32 | BRIV T B ia B EE 5 G 1) — /N H R

3.00E-12
2.50E-12

2.00E-12
1.50E-12
1.00E-12

5.00€-13 I I
0-00E+00 |-| T T T |_| T T T
N S S S P S Y P
5.00E-13 @GPt & & L& $
% S

4-3 BRURTH AT S G HE O PR 58 R

Figure 4-3 Environment impact of resource consumption and pollutant emissions

IS T H A
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BRUL TR 12 A B AR R SEHF B A B2 0 K/ N 4-3 Bos. A 4-3
R ARIE, S5ITSUE MR, BRI BE PR stk i K i) =5 R ik
& NOx. CO, fll NMVOC, “EAI T B 50 1A — 1A 53 51 2.39X 1072, 8.93
X107 il 4.88X 1072, 43 5 5 BUBRIT 1012 S PR B 57.72%421.61%01 11.8%.

4.6 KRENE

Az K A VR D7V 0 RV K B8 B i it AT 1 A 8 o0, 153 1B
AT A RS B, JFEAL 7 X HEE P A K s . SRR W] X T ERILK RS B2
i&, NPT e R PRI 53 IR RN T 3 N Ak S R AR
KA E IR, N AR R T (R PR BT 52 0 fi /)N o P85 0] B KPR =5 G 73 3l
#& NOy. CO, #1 NMVOC.
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5 5% N WIE HIEIE B A IRBAT ALK

E5F MAEESMEESHIMEIT AR

HAr, Mg dish g B arscaisim F 27 . Mg Zam A s
SRR S . ARYE OB S SRR, 2005 A4S is BRI TR A i
2 CHFREREE. AR WA B RFTUUEEIZ D 47708 1862066 /1A
80258.1 {2 A B, HA AR ITIEE N 1341778 JiMfi, TR % &N 8693.2 m@
ANE, alh et s RiE BN AR 72.1%H 10.8%. 2005 FEKEE TS

ATEW) A&y BN 269296 JIMEAT 20726.0 {4/ B, %ﬁéﬁ%ﬁiiﬁ
VA2 14.5%F0 25.8%. N 15 WK SE dE AT LhER, X IX i 3E AT
T

5.1 EKIRERE o BEREN
5.1.1 B8y, ERAREGEERER

Iy P EL 6 = R AR T 1 i 1% i RULE = FpAN[FTE B 3RS
SEMAEAT T VY . ixﬁ%%% LERAUREIR, PP EARES R E A 5 424
AR i FISHE D E m&%k%ﬁﬁ THRIE I 58 % 1000tkm 5%
W) S B 7 AR A aWu%%m%%mem%L%ﬁnu&%mﬁMMn
TR E BOYE I — 30 B 7e3E Bl df s L RIS IR TR B B LA SRR A2 =B
Bt KL EHAERIpE S R, HEAGE 458 R 1000tkm J& %% B B i1 AE an A IV
Fing 5-1 fin:

R 5-1 HAUH 5 Ry B AL i A= B U R
Table 5-1 The life cycle inventory for the function unit of heavy trucking

A5 A4 5 H LA M8 AT

JR I kg/1000t-km 1.36E+00

RERVHFE  JE kg/1000t-km 3.76E+01
TR, m?*/1000t-km 2.26E-03

NO, kg/1000t-km 1.62E+00

N,O kg/1000t-km 6.20E-03

CH, kg/1000t-km 1.00E-02

co kg/1000t-km 6.05E-01

S NMVOC kg/1000t-km 1.96E-01
PM kg/1000t-km 8.12E+02

Cco, kg/1000t-km 9.61E+01

SO, kg/1000t-km 1.02E-01

AR T kg/1000t-km 2.19E+01

[ 44 1 724 kg/1000t-km 2.21E-01
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5.1.2 S EEASmITEMN

X B i B da 0 A i Y AR AT R A AR, S SR A SR
SRRREAR R (3 7% 5 W S AR . FFIEAe R AR 3-18 FR M Hid .«
FEAEAL LR R AR 5-2:

R 5-2 EATE TS MBI AL S R
Table 5-2 The characterization results of heavy trucking environment impact
A

R

ADP GWP AP HT POCP EP

kg

kg %f kg CO kg SO .

ﬁ{j g = %/ =] ’ \g/ =] ? (174)-:§L$
=l Bl Bl o
ME

kg-C,H, kg PO>

ERitEE

5.32E-03 9.80E+01 1.24E+00  6.67E+02  1.46E-01 2.11E-01
SRR EALE S

KR 2-5 tP A — AR HE (R A R AE AL 5 R AT 0 — A AR B, T — LS5 R
* 5-3:
% 5-3 EMRELISHIH— g

Table 5-3 The normalization results of heavy trucking transportation
EALEpN] ADP GWP AP HT POCP EP &
H—{LZES 249E-13  2.54E-12 4.14E-12  1.34B-11 3.20E-12 1.64E-12 2.52E-11

bz e el LA M, BRI RIS A B R R, N B
K, XTI AT T iz ARG BT ORISR T 3 B, X /UK
B ZE A BOR . B R BRI . e R A I % RS A AN AT A=
BIRTHAE, KRR EIRHIEN b

5.2 SKERIDITRYE B R ERTEN
52.1 BHSSEEIMNEE

T EkER IS, WAL H B 5K S ATE RIS R, H AT S8 8
— R PR B S A A e A SRS R, AR B P FAE A i P I R P i
TR BRI AN S HE R D . Th e SAL 8 2 BB 2 i 1000tkm 5244
et P A ) B USRS SR HE TR . Dy T T B, BRI A i 0 o 32
K5 2005 FRIGTIHEEE, SREDVH ESTTHF %

BIF FE TG 5 7K s S A B IS S DR EF — B0 RS R R i il BOg
AR BB sk TRAIHE . 4ES . IR PRI AR O A AL 1 Mt A AT
iz s SR LA s s A B s s I RIE 5 18
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%5F WARE S5 REAT A LI

522 S aERRERSR

HRYEGeit 4 % PYRE, 2005 4ERHLG AT B FIHLZE I H = 85004 105.6
JIWEN BT 118.3 JIMEA B . NIAHLZER HL WL S5l & T S H =8 1) 47.2%F1
52.8%. WIANLZAAE WG R 24.6kg, B IHLAEAE 2 BLAEHL 111.8kWho

H Tk = BIs HLZE BFIAR OCHE , ARSI L K e AR 1E R 0738 IR HL 2 AN
Teiz WL BAE , FHBR % P RNLAE AN B WL R4 4% E 52 O B B i =i L
il 5 e AT E = B B LLGI AR R o AR P BRBILZE AT LR 58 B o o B 1Y) R VR T
FELLIEA& B H R e o] Dok, SRR i T B 58 L 1000tkm
LR R e, WG FE 1.16kg FISEMAN 5.91kWh HIH 17,

TR E Y HRBLZE S Al S, 32 BT e 0 HE TSR] T4 P RN BR 55 28 1)
Hens e r s, H T B S S HER R 7, 03k 5-4 B

R 5-4 WIRFLA 2015 M i R 7

Table 5-4 Pollutant emission factors for diesel locomotive

159 NO, NMVOC CH, CO NH; N,O PM
HER A T (g/kg) 425 4.72 0.18 109 0.007 129 4.12

SO FIHET PR 7 AT AR F A m 0 35 8 S AL R 5 . B KIS THER
JEAHE, RS HEE RN 0.2% (m/m), 98%MIBR TG R T SO0 M
AT ATHEE BRI G 1kg 280, KL 0.00392kg 1 SO,. CO, HIFHRBUA T H LA
WRYEA (3-6) S o SRR AIER 3-7 RIS, B i RO
SRR I SR T o 7 Tl 2 o S R T o TR ki 7 e A 1 AR e
THARAT HL 77 TF AR U AT TSR Ak i 56 B Eh e L I8 B ) 2B A A TR AR, IR 545

K 5-5 BRI ST I AE S LI i i) A i R D A
Table 5-5 The life cycle inventory for the functional unit of railway

W e I H E& R ML B ML
R kg/1000t-km 2.40E+00 1.16E-01 4.44E+00

ReRTH FE Ji i kg/1000t-km 1.57E+00 3.22E+00 1.03E-01
RIRA m’*/1000t-km 4.09E-02 1.94E-04 7.71E-02

NO, kg/1000t-km 7.71E-02 1.07E-01 5.08E-02

N,O kg/1000t-km 1.50E-03 3.17E-03 0.00E+00

CH, kg/1000t-km 1.40E-02 9.72E-04 2.57E-02

CcO kg/1000t-km 1.96E-02 2.71E-02 1.29E-02

AR NMVOC kg/1000t-km 7.20E-03 1.16E-02 3.25E-03
PM kg/1000t-km 1.80E-02 1.44E-02 2.12E-02

NH; kg/1000t-km 8.12E-06 1.72E-05 0.00E+00

CO, kg/1000t-km 8.40E+00 8.26E+00 8.52E+00

SO, kg/1000t-km 3.15E-02 1.25E-02 4.85E-02

R 5-5 T, BREGERG RS BRI S AR SE I RE S SIS A BT, NIANLA:
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FOELSIHLGE o A R BRI B IX WAL 4 58 I Th RE A TR 18 PR B 5
5.2.3 S BEAZZIITEMN

Xkt DAz A i S ST SRS AT R A AT A — AR B, SEmm SR | SRR
SRR R IR B 5 N S AH A REAEAL R 718 3R 2-4 W8l . HF
TEALZE R FK 5-6.

KA 2-5 HIH— AR AEE TR A 4 SR T 0 — b 2, 3 —fh g SR
* 5-7,

* 5-6 BRI ITISRHEIL 45 R

Table 5-6 The characterization results of railway transportation

AU BRI ADP GWP AP HT POCP EP
o kg kg,cao2 k{;/SE(')z kg (1,4)- 5K kg péH4 kg‘ ?243-
s EShey M ME s EEss
BREELEA 223E-04 9.09E+00  8.55E-02 1.10E-01 6.55E-03  1.00E-02
WIRKLZE  4.56E-04  9.13E+00  8.71E-02 1.41E-01 7.79E-03  1.39E-02
BAHLZE  1.49E-05  9.06E+00  8.41E-02 8.30E-02 5.45E-03  6.60E-03

#* 57 BRI RIS H— L4 R
Table 5-7 The normalization results of Pearl River transportation
H—L &R ADP GWP AP HT POCP EP it

RIS 1.04E-14  2.36E-13 2.86E-13 2.22E-15 1.44E-13 7.77E-14  7.56E-13
PAHLZE 2.13E-14  2.37E-13 2.91E-13 2.83E-15 1.71E-13 1.07E-13  8.31E-13
L2 6.96E-16  2.35E-13 2.81E-13 1.67E-15 1.20E-13  5.12E-14  6.89E-13

MIA—ALER AT ELE 2, BRES DO A ISR R, BRACRN . iR
BOSAN A 22 R E BN i KK = A2, X5 ITIE R R Bl H UG K
S TR AR, N5 .

53 ThEEETIREIT ML

K 5-1 & ia ks A BT — LA RAG L. BRI LUE 2, 58 A
I 2400 e e B A R s/ s R 38y SOkt A i, S ok i is i Oy B Y
Teeiskm . Kigisky sV T IX PR Ia AU 8], A SR BERZ i M 2K 0 )
IR VLB VL SORAMBRIL B A IR Bz B PR B3 B i K 8%
i e (SRS Sy 2 b e vl N 112 S T P SR WL N RS - A DAY 7R 3 e e
KY) 6%, kg1 IRIL . 18 8IS LS DA I SRR A S
EHERH KT AR TS

Pl Bz AR BN 2 AT T R o B S e RO E AT T R 18
T ik FEAR I A PR, AR OCHE At st R B AN Bk B B A I S 4R, AR
R BF A BOR TR RS Ik, EH R TUad Y, BT KRS L
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% 5% NITRIE 5B IR AR

B4, HBRRUN, T H K EERAEECOR, (I Emsce e Bk, HTEk
PR THAINE, REREB KBARLAERESEH HAEXN 52
W T E PR NN, R AR T, Rk 58 oA Rl B e e =, A
FH HL I HL 2R3 i 1) e AR AN TS Qe HETBCER 22/ T- LN IRV E A sh g )ig T A

XFFNDKIE AL, FAEERZIR B/ B RAR DO TIARBA . KILHR AT KILS
TMOTMRAI BRI B2 MG . X TRILATE, Trishe JECR Rz T E DhRg B AL PR 52 e
BN o BRITAE 2 P LAAE BTt 78 B TR as T2 sUrh R R 52 i oK, B 1 LA AR
TR EERKAT AN BN — 282 A, 36t T BRI RIS A 5 1y 10, S8OLE Mg,
IKEGR, FHITECR, 2T B TE AR S HE R

ST S, KBRS AR 2% 3 i A2 A B8 ey B/ NI i Az i 07 =X B IX
Fliz i 7 s R GG A QniE B s iy, (IR BN 2 . X T EM R E iR
ANBIBY, sERAFEIR YRR, KT KITABA . KT iR 5
R EL R 53 ) /N 87.8% 96.8%- 83.8%FN 83.6%, ks iy I PR FL MR /N
97%. Bk, XTRKHEKIEE W EYIEH, Biksi %2 KIS A gk
PRIZ Ko

3.00E-11 -
2.50E-11 -
- NP
g2 2.00E-11 -
A0 = POCP
> 1.50E-11 - .
T 1.00E-11 - 2 AP
5.00E-12 - - GWP
m ADP
0.00E+00 . :
R?\%} D~ & o
O g% Qﬁ &
o G

B 5-1 Bz s SR i A — 4 R

Figure 5-1 The normalization results for different ways of transportation

BRSBTS ALNN 5, 7K AR 32 il i T 2 (Y A B 5 i SRR R AL AN
117 EE AR B A i i i SR R 2R R e N AR R4 35 o T T A i RN A4
FRAE 1075 G 32 2% th T HL3h R da fan i R 7 28 i K R ORI 38 R FT , T TE #642
DAENLEN G BRI HE S S S AL FAR RS K 7 A R B
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Table 5-8 Overall environmental impact of China's road, rail and inland waterway freight transport

in 2005
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Figure 5-2 China's road, rail and inland waterway freight transport environmental impacts in 2005
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