DOI:10.13198/j.issn.1001-6929.2013.09.001

26 9 Vol.26 No.9

2013 9 Research of Environmental Sciences Sep. 2013
I 2013 26(9) : 1029-1034.
YANG Jie WANG Hongtao ZHOU Jun. Life cycle assessment of Chinese railway transportation J . Research of Environmental Sciences 2013 26(9) : 1029-
1034.
1 1* 2
1. 610065
2. 100081
; 2010 . ( CLCD) eBalance

0.92%.0.70% 0. 62%. —
9.45% ( ) ~
73.55%( )
.NO. (O, ECER( ) 30.90%.27.50%  21.60%.
41.91%.

1 ’ ’ ’ ’

© X32 X820.3 A : 1001 - 6929(2013) 09 - 1029 - 06

Life Cycle Assessment of Chinese Railway Transportation
YANG Jie' WANG Hong-ao' ZHOU Jun®

1. College of Architecture and Environment Sichuan University Chengdu 610065 China

2. School of Management Science and Engineering Central University of Finance and Economics Beijing 100081 China

Abstract. Railway transportation is an indispensable component in any life cycle assessment ( LCA) study and database however  full-
length LCA of railway transportation was seldom found in China. Following the ISO-LCA method a life cycle model of Chinese railway
transportation for cargo was developed which included major life cycle processes such as operation of electric and diesel locomotive
construction of railway production of major energy carriers and materials. Based on Chinese railway statistics data in 2010 Chinese Core
Life Cycle Database ( CLCD) and relative research papers the life cycle of Chinese railway transportation for cargo was analyzed in
eBalance software. Normalization analysis showed that eutrophication acidification and respiratory inorganics were the main environmental
impact categories of the rail transportation accounting for 0.92% 0.70% and 0.62% of the national total amount respectively.
According to the analysis based on actual bill of materials of the railway from Dali City to Baoshan City the life cycle contribution of
railway construction ranged from 9.45% ( eutrophication) to 73.55% ( resource consumption) which was too large to be neglected in
LCA study. According to the weighting method based on Chinese energy conservation and emission reduction targets ( ECER method) the
overall life cycle impact of electric locomotive transportation was lower than diesel locomotive transportation by 41. 91% . This indicated
that electric locomotive was superior to diesel locomotive. The analysis of life cycle of Chinese railway transportation provided a basis for
the further LCA study of railway transportation. Especially given the significant contribution of railway construction as indicated more
data on railway construction would be needed for LCA studies.

Key words: life cycle assessment; railway transportation; infrastructure; diesel locomotive; electric locomotive; life cycle energy

conservation and emission reduction evaluation method ( ECER)
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Fig. 1 Life cycle flow chart of railway transportation
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Table 1 Inventory data of operation phase of two locomotives 2010
2.76 x 10" t*km
1
/kg 2. 64 x 10—3 66 239 km . ( 1)
/kW+h — 1.02 x 10 2 1 tekm
€O, /kg 8.34 x10 77 (0).
CO/kg 1.87 x10 73 T
S0, /kg 5.81 x10 6 Q =M/(Y xS, x S—) (1)
NO, /kg 1.33x10°* 2
PM, s/kg 4.01 x1073 M kg, Y
/kg 1.35x10°5 a; S, km; T
1 tekm tekm; S, km.
1.2.2 _
— 100 a ® 20 a% .
— 133. 641 km
2 1 tekm
2
Table 2 Inventory data of energy and materials in railway construction
1)
/kg 3.00x10 3 7.12x10 74 2.17 x10~* 1.72x10°* 8.56 x10°° 4.95 x10 73
/kg 2.22x107° 1.16 x10~° 9.23x10°° 8.36 x10 ¢ 8.31x10°° 6.47 x10~°
/kg 5.84 x10°° 2.60 x10°° 2.32x10°° 9.46 x10~’ 6.26 x10 7 5.14 x10 77
kg 4.54 x1077 3.19 1077 3.18 x10 77 1.68 x 10’ 1.10 x 107 8.93 x10 %
/kg 7.27 x10 78 4.48 x1078 4.45 %1078 4.18 x1078 1.09 x10 78 7.34 x107°
1) kW +h.
1.2.3 ( LCA )
N N N Co,
N N N.P
3_
PO,
(CLCD) 7 6
~ ~ ( kg ) » ~
N 6 Ecoinvent ** (kg ) .
1% . (kg PO’ ) 7', (kg SO, ).
32
2 (kg €O, ) (ke
33
2.1 PM, . ) .
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Table 3 Analysis of life cycle environmental impact indicators of railway transportation
1)
3)/
Ikg? %
Ikg 1% 1%
1.80 x 1072 26. 45 73.55 1.55 x 10139 0.32
1.25x10 73 90. 55 9.45 3.76 x10° 0.92
9.18 x107? 87.12 12. 88 3.64 x10'" 0.70
4.23 x107° 88.58 11.42 1.88 x 10" 0.62
6.48 x10 74.99 25.01 2.95x10" 0. 61
1.48 x10 72 72.03 27.97 1.05 x 10" 0.39
1) 1tkm ;0 2) 2010 2 ; 3) = (
x2.76 x 10" tekm( 2010 ) 112010 ;4) 2010
2005 :
3 10% . € » GDP
7% GDP SO, COD,
9.45% ( ) ~73.55% ( 34% GDP  NO, 36% .
)
2010
(
) 1% ( )
(0.92%) (0.70%) (
(0.62%) . )
( energy
E— conservation and emission reduction evaluation method
NO,.S0,.PM, , ECER )
34-35 ( 2)
;
A A
= - 2
S Z{ P, x N, (2)
S (
ECER ) i N L CO,.
2.2 S0,.COD,,.NO, A, L
(- 7 » P, « »
( () 7 i ( GDP
¢ » “ ” ) N, 2010 i
GDP Co, 16% 17% ECER
30% SO, NO,.CO,.COD S0,
COD, 8% NO, ECER 30.90% ~ 27.50% ~ 21. 60% -
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8.75% 8.45% 1.70% 1.14%. 5. Ecoinvent
ECER
2.3 4 ECER
ECER Table 4 The contrast of ECER indicator between diesel
4 4 and electric locomotive
SO, ECER
ECER 1.02x10 " 1,04 x10 "
2.27 x1071° 0
41.91% . CO, 6.58 x10°1° 6.98 x10 1
2.4 S0, 1.70 x 10~ 4.13x10°"
2.4.1 COD, 5.51x10°" 2.23x1071°
36 1.33x10° "7 4.38 107"
NO, 1.83 x10° 3.77x10°1
ECER 4.39 x107 2.55x10 "™
5
Table 5 Completeness check of diesel locomotive transport process
Ecoinvent
€0,.C0.S0,.NO, \N,0.PM, s NO, N,O NO,
. . . NMVOC
‘PM>10 PM2.5~10
2.4.2 b)
36
. 9.45% (
N ) ~73.55% ( )
c)
2007—2010 NO, CoO, ECER
30.90% 27.50% 21.60% .
d)
— 41.91%
( References) :
3738
. 1 .2011 M .
3 2012.
2 . D . : 2009:
a)
51-53.
A 3 D .
0.92% 0. 70% 2009 7-14.
0.62% 4 I

2009( 7) : 46-48.
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