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Life Cycle Assessment of the Infrastructure for Hydrogen Sources of Fuel
Cell Vehicles

Feng Wen, Wang Shujuan, Ni Weidou, Chen Changhe( Depart ment of Thermal Engineering , Tsinghua Uni-
versity , Beijing 100084, China)

Abstract :In order to promote the application of life cycle assess ment and provide references for China to make the project
of infrastructure for hydrogen sources of fuel cell vehicles in the near future, 10 feasible plans of infrastructure for hydro-
gen sources of fuel cell vehicles were designed according to the current technologies of producing , storing and transport-
ing hydrogen. Then life cycle assessment was used as a tool to evaluate the environmental performances of the 10 plans .
The standard indexes of classified environ mental impacts of every plan were gotten and sensitivity analysis for several pa-
rameters were carried out. The results showed that the best plan was that hydrogen will be produced by natural gas
steam reforming in central factory , then transported to refueling stations through pipelines , and filled to fuel cell vehicles

using hydrogen gas at last .
Keywords :fuel cell vehicles ; hydrogen sources ; infrastructure ; life cycle assess ment

, . (2-81 10
, , ( Life Cy-
, cle Assessment, LCA)
1 LCA
1.1 LCA
, LCA ,
(CEES) John M. Ogden'! )
, (ISO) LCA (91,
, : (863 )
(2001 AA501986)

(1978 =), ,

N :2002-08-22 :2002-11-19



( ) (e , 2008
( Fuel Cell Bus, FCB)

1.2 LCA ,
(SETAC)
[T LCA 4 4
( Goal and : .
Scope Definition) ; (Inventory) ;
(I'mpact Assessment) ( I'mprove- ,
ment Assessment) . ,
2 . .
[12]
, 1.
1 10

Table 1 ~ The 10 kinds of plans of infrastructure for hydrogen sources of fuel cell vehicles
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Table 2 Material consumption inventory of the 10 plans/10°t*20a""

1 2 3 4 5 6 7 8 9 10
137.73 137.73 141.05 136.91 0.00 0.00 0.00 0.00 0.00 210. 43
379.83 379. 83 388.97 377.56 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 373.33 373.33 382.31 371.10 0.00 0.00

4.78 0.00 0.72 1.67 4.78 0.00 0.72 1.67 0.00 0.48

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1945.4 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 62. 41 0.00

10.10 13.49 8.51 8. 28 10.00 13.41 8. 40 8.19 12.67 8. 49

0.42 0.42 0.42 0.42 0. 41 0. 41 0. 41 0.41 0.41 0.41

0.41 0.41 0.41 0.81 0. 41 0. 41 0. 41 0.81 0.41 0.41

0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.29 0.00 0.00

0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.34 0.00 0.00

0.43 0.43 0. 44 0.43 0.47 0.47 0.47 0.47 0.47 0.47

0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78

0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78

3 10 (Hy)/ MJ-kg™!

Table 3  Energy consumption inventory of the 10 plans( H,)/ MJ*kg"

1 2 3 4 5 6 7 8 9 10

173.55 165.58 212.49 164.02 282.65 278.43 324.79 273.03 674.62 264.29

5.08 2.25 0.76 1.78 5.08 2.25 0.76 1.78 0.00 0.51
0.60 2.92 0.47 51.22 0.60 2.92 0.47 51.22 2.92 0.01
5.93 5.93 5.93 5.93 5.93 5.93 5.93 5.93 5.93 5.93

185.17 176.68 219.66 222.95 294.26 289.53 331.96 331.96 683.47 270.74

4 10 (Hy)/kg kg ™'

Table 4  Pollution e mission inventory of the 10 plans( H,)/kg=kg ™'

1 2 3 4 5 6 7 8 9 10
SO, 0.062  0.053  0.160  0.182  0.130  0.132  0.232  0.252  0.616 0.083
CO, 16.659 15.761  26.573 28.222 37.664 37.807 48.243  49.257  59.532 21.244
NO,  0.059  0.048  0.103  0.114  0.084  0.079  0.130  0.140  0.316 0.074
co 0.022  0.020  0.019  0.023  0.016  0.014  0.013  0.017  0.020 0.021
CHy  0.072  0.072  0.074  0.072  0.000  0.000  0.000  0.000  0.000 0.110
0.224  0.188  0.623  0.706  0.453  0.461 0.865  0.941 2.475 0.275
1011 822 2950 3350 2124 2144 4122 4488 11882 1277
4783 3884 13994 15880 10071 10163 19562 21285 56340 6011
; 5.2
( (1) 38
), . (SO, .CO, .\.NO, .CO.CH, . ) -
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Table 5 Reference pollutants , normalization coefficients and

classification coefficients of classified environ mental impacts
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Table 6  Effects on classified environmental impacts by 20 % increase of the direct energy efficiency of hydrogerm producing subsystem/ %

1 2 3 4 5 6 7 8 9 10
-12.27  -12.91 -8.12 - 7.46 -12.44 -12.40 -9.95 - 9.46 -15.65 - 4.01
- 2.40 -2.87  -0.95 -0.82 - 2.65 -2.64 -1.48 -1.32  -15.52 - 2.86
- 4.81 -5.62 -2.41 - 2.08 - 3.65 -3.72  -2.24 -2.00 -15.20 - 5.60
- 3.57 - 4.25 -1.56 -1.34 - 3.87 -3.90 -2.30 -2.05 -15.34 - 4.07
-4.42 -5.44 - 2.58 -2.27 -3.15 - 3.38 -2.09 -1.88 -14.98 -5.02
6 , 7 /%
Table 7  Effects on classified environmental impacts by adopting
9
the avoided operations in natural gas steam reforming/ %
1 2 3 4
b
-15.24 -16.04 -10.09 - 9.26
9 b

- 45.78 - 54.58 -18.17 -15.60
-31.19 -36.47 -15.62 - 13.48
(2) -39.40 - 46.98 -17.19 -14.76
- 24.02 -29.54 -14.01 -12.33

77[19](



15

100 %.

8 ! %
Table 8 Effects on classified environmental impacts by electrolyzing

water with the electricity from rene wable energy/ %

9 - 65.72 -65.17 - 63.83 - 64.45 - 62.93
8 >
60 % ,
7
(1)
2( ,
FCB) , (
1E14  /kg Hy) ,
, , , (38.865,
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