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Life Cycle Assessment and Prediction of Proton Exchange Membrane Fuel
Cell Vehicles for 2020
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Abstract: By modeling with GaBi software, the quantitative evaluation and predictive analysis
were made for full life cycle energy saving and emission reduction of China’s fuel cell vehicles in 2020
based on the development goal of China’s fuel cell technology in 2020 and the U.S. DOE 2020 fuel cell
vehicle technology plan. The results show that the average mineral resource depletion E app., s fossil
energy consumption Fapp,y and environmental impact Qewp for fuel cell vehicles of China in full life
cycle are as 0.609 kg(Sb-Eq.)» 3.99 X105 M] and 2.99 X 10" kg(CO,-Eq.) respectively. The produc-
tion of precious metals platinum, hydrogen production technology and fuel cell efficiency in raw mate-
rial acquisition phase plays a key role in fuel cell vehicle life cycle Eapp.y and Fapecs) s while Qawe
mostly comes from the consumption of fossil fuel and electric energy in the processes of hydrogen pro-
duction. The effective measures to reduce the impact of fuel cell vehicles on resources and environment
are as below: accelerating the development of key materials and the efficient recycling strategies of
platinum are used to reduce the consumption of precious metals gradually, improving hydrogen pro-
duction technology which may change from fossil energy to renewable clean energy, gradually optimi-
zing the power structure to effectively reduce the consumption of coal electricity in the hydrogen com-
pression processes.
Key words: proton exchange membrane fuel cell vehicle; life cycle assessment; Department of
Energy(DOE) 2020 target; resource and energy consumption; environmental impact
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Fig.1 The system boundary of the life cycle assessment of proton exchange membrance fuel cell vehicles
, , 2 2020
Tab.2 China fuel cell system 2020 target
9] %) 60 60
° 5o —30 —30
1
PEMFCV DOE2020 1her, > 1000 1000
2020 otil ] (kW) 70 70
30114] 1 , (h) 5 000 5 000
’ # (kW/L) 3.0 2.0
° (kW /kg) 2.0
1 PEMFCV DOE2020 3 2020
Tab.1 The U.S. PEMFCV DOE 2020 target Tab.3 The main parameters of fuel cell vehicles in 2020
(kW) 45 40 W) 1
(kW) 1.25 (W) 40
25% 1 (%) 65 60 (kg) 1485
A% 55 49 (km) 150 000
(kW/L) 1.6 0.7 ) 12
(kW/kg) 1.95 0.65 (ko) 500
(kg/kW) 0.51 1.55
(kPa) 350 (&) 10.1
(m?) 0.023 (kW) 75
(m?) 0.032 (kW « h) 13
0.8 1.3
(W/cm?)
(W) 187
241 ,
(m?) 5.4 ,
(V) 0.69 148.00
— ( N ) S
(A/em?) 1.2
(mg/cm?) 0.125
(g/kW) 0.15 0.17 , (E avpeor )
(FADI’(_/) ) A} (Q(}WI’ ) N
LZ.F)“”e (QAI’)\ (QEI’)\
1) (QI’()(TP ) ( Q()[)IJ )
, GaBi7(Gabi ts) 2017

’

N

kg (Sb-Eq.,




2020 N

M]J . kg (CO,-Eq., ). kg (SO, 5 ( )
Eq., ) . kg (Phosphate-Eq. Tab.5 The composition of the main components for fuel
) kg (Ethene-Eq ) kg (R11- cell vehicles(excluding the battery)
E(]. ’ ),
CML S (% %) (% %)
66.3 20.7 78.0 25.9
2 5.3 37.7 10.0 2.6
. ) 1.8 41.5 6.0 6.5
Gabi ts 4.7 0.1 1.0 64.9
, 4.3 0.3 0.1
GabBi 3.0 1.7
. 10.6 3
Argonne (Argonne national labo- 1.7
ratory, ANL)[!®] : 22
(BOM ) , GabBi ts
2.1 2.2
o 2020
[2,9,15], ’
(N )70 MPa ’
[17] 4 R
- NWH35 o
( ) 5,
4
GabBi ts 2017 ,

Tab.4 Material composition of battery

for fuel cell vehicles

(%) [2.3,9],

47.3 [18],

26.7

22.6

s , , 2020

0.3 o

0.3 2020 .
%)

27.8 ’

12.2 GabBi ts .

2.1 2.3

14.8

22.9

:LiPF; 1.7 ,

4.9 : . &. .

4.9

2.2

: 0.4

:PET 1.7 6.

1.9 2.4

0.3

1.3 ’

0.9 ,2020

[18]




29 21 2018 11
6 > L8] N ~ ) .
Tab.6 Electric energy and heat energy consumption s 7. 7 ,2020
of vehicle assembly
b
s CO,
&.
? QGWP ’
(M]/kg) |2.72 2.18 0.4510.61 0.90
b
(M]J/kg) 2.03
’ ’ b
100 km CcO,, ,
0.85 kg, ,
L ~
[ s+ P dL CO..
0
Eeev = L 2 7
JErev ; Tab.7 Energy consumption and emission of various
£ urban i f bty stages of the life cycle
;L
° (M) 309 8.670 13.200 17.300 589 937.170
GabBi ts (MD | 2380 670 1030 20600 | 146 |4 246.60
y (M) 185 39 24,700 5 400 0.076 8 [5 648.78
COz (kg) 8910 1720 2670 [1.250X10% | 1620 | 27 420
’ > COCkg) 31,600 2.150 3.320 4,940 0| 42.010
° NO. (kg) 13.700 4,310 6.070 5.230 0 29.310
2.5 SO, (kg) 31.800 5.440 7.500 3.620 2.480 | 50.840
NMVOC(kg) 1.270 2.000 0 0 6.270
’ ’ CHi(kg) | 26.600 4,200 7.440 44200 | 0.272 | 82.712
PM10(kg) [1.87 X107 (5,32 X 10~ °(9,16 X 10 >(9,54 X 10~ ° 0 10.002 11
, . s PM2.5(kg) 1.120 0.256 0.466 0.038 0 1.880
s s 2020
2020 R GaBi ts .
[15], 62 500 km CML.2001 s
, CE appeer ) s
o (FAI)I’(j) ) A} ( Q(,}WI’ ) ~
150 000 km 15 %0, o (Qar) (Qep) -
’ (QI’( )CP ) ( Q()I)P )
, o , 8,
3.2
3 .
GabBi 2020
3.1 N ’
, ( 2,
8 2020
Tab.8 The characterization results of the environment impact of the life cycle for fuel cell vehicles in 2020
E appce) F appcs) Qawp Qar Qrp Qrocr Qopp
(kg(Sb-Eq.)) (MDD (kg(CO2-Eq.)) [ (kg(SO2-Eq.)) | (kg(Phosphate-Eq.)) |(kg(Ethene-Eq.))| (kg(R11-Eq.))
1 0.608 8.15X10* 9.69X10° 45.40 1.930 4.160 2.39X10°8
Il 2.69X101 1.96 X 10" 1.83X10° 8.73 0.608 0.734 3.60 <1010
I 1.74X10~* 2.88X 10" 2.89X10° 12.10 0.868 1.680 5.78 X101
I\ 1.09 X103 2.40X10° 1.37X 10" 7.04 0.713 1.470 7.75X10°10
\ 2.90X10* 1.62X10° 2.98 0.121
VI 0.609 3.99X10° 2.99X10* 76.30 4.120 8.170 2.56 X108
;1 - 11 - ;- IV - 3 V- s V- o




2020

3.3

2

Fig.2 The consumption of mineral resources

~ o

., 76.6%, .
11.5%. 4.3%,
. 1%,

GabBi

3

Fig.3 The consumption of fossil energy

3 , (
R ) ,
(150 000 km)
:0.2%.,0.4%.99.3%,

3.4

, CML2001
GaBi , [20],
9,

10,
9

Tab.9 Normalized datum value and weight coefficient

(

)

4,18 X101
Qewp (kg(CO2-Eq.))

0.274 692 29

2.39 X101
Qap (kg(SO2-Eq.))

0.180 726 51

Qopp (kg(R11-Eq.))

1.58 X 10" 0.088 862 20
Qep (kg(Phosphate-Eq.))

3.68 X101 0.181 026 72
Qrocp (kg(Ethene-Eq.))

2.27X108 0.274 692 29

10

Tab.10 The normalization and quantitative results of five

types of environmental impacts

Qiwp | 6.39X10 11 [ 1.20X10 11| 190X 10— 11 { 9,07X 10 11 [ 1,07X10— 1 1,964 X 1010

Qap | 343X107 11 {6,60X107 12 [ 9,15X107 12 | 5,32X10 12 [2.25X10~ 12 {5,762 10~ 11

Qep | L09X10712 | 3.42X107 18 [4.87X10 13 [401X10~ 13 0 2.320X10~ 12
Qpocp | 205X 107 1H{361X10 12 | 8.26X10 12 | 7.23X 1012 ] 5,95X10 18 |4,019X 10— 11
Qopp | 289X10 717 [437X107 19 | 6,99X 1019 {9,38X10 19 0 3.097X10 17

L198X1071012,265X 10 11 13,690 X 10~ 11 |1,037X 10 10{1.355 X 10~ 112,965 X 10 10

10 ,
( 66.2%) . (
19.4%) . ( 13.5%) .
( 0.7%) . (
0.2%)32020
Q(;WP b
, CcO,,
, SO,
NO, .
4
(1)2020




29 21 2018 11

[1]

(2]

[3]

(4]

(5]

(6]

L7]

o

(2)2020
(3)2020 Qowr
’ o COZ
, CO,,
( )
[J]. ,2014,20(5);
1141-1148.

GUO Yan, LIU Hongchao, GUO Bin. Review on
Key Issues of Product Life Cycle Assessment[]].
Computer Integrated Manufacturing Systems,
2014,20(5): 1141-1148.
EVANGELISTI S, TAGLIAFERRI C, DAN J L
B, et al. Life Cycle Assessment of a Polymer Elec-
trolyte Membrane Fuel Cell System for Passenger
Vehicles[ J]. Journal of Cleaner Production, 2017,
142.4339-4355.
BAUER C, HOFER J, ALTHAUS H J, et al. The
Environmental Performance of Current and Future
Passenger Vehicles; Life Cycle Assessment Based
on a Novel Scenario Analysis Framework[]J]. Ap-
plied Energy,2015,157(3) :871-883
AHMADI P, KJEANG E. Comparative Life Cycle
Assessment of Hydrogen Fuel Cell Passenger Vehi-
cles in Different Canadian Provinces [ ] ]. Interna-
tional Journal of Hydrogen Energy, 2015,40(38):
12905-12917.
s . FCV

. » 2014,21(1) :16-18.
QIU Tong, XIE Huawei. Life Cycle Evaluation of
FCV Hydrogen Source System and Its Software Im-
plementation[ J]. Computers and Applied Chemis-
try, 2014,21(1):16-18.

[1]. » 2013(10) :19-22.

WANG Ju, YOU Kewei, YU Dan. Fuel Cell Bus
Demonstration in Beijing and Shanghail J]. Automo-
bile Technology, 2013(10) :19-22.

2552

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

{ 2025)
[M].

Strategic Advisory Committee on Technology Road-

,2017:161-178.

map for Energy Saving and New Energy Vehicles.
“China made 2025”7 Key Areas of Technology
Roadmap to Promote Projects M ]. Beijing: Ma-
chinery Industry Press, 2017. 161-178.
Universiteit Leiden. CMI~IA Characterisation Fac-
tors[ EB/OL]. (2016-09-05). [2017-06-19]. ht-
tp://www.leidenuniv.nl/cml/ssp/databases/cmlia/
cmlia.zip.

LOMBARDI L, TRIBIOLI L., COZZOLINO R, et
al. Comparative Environmental Assessment of Con-
ventional, Electric. Hybrid, and Fuel Cell Power-
trains Based on LCA [J]. International Journal of
Life Cycle Assessment, 2017(1):1-18.

SIMONS A, BAUER C. A Life-cycle Perspective
on Automotive Fuel Cells[J]. Applied Energy,
2015,157(10) : 884-896.

DUCLOS L., LUPSEA M, MANDIL G, et al. En-
vironmental Assessment of Proton Exchange
Membrane Fuel Cell Platinum Catalyst Recycling
[J]. Journal of Cleaner Production, 2016, 142.
2618-2628.

MIOTTI M, HOFER J, BAUER C. Integrated
Environmental and Economic Assessment of Cur-
rent and Future Fuel Cell Vehicles[J]. Internation-
al Journal of Cycle Assessment, 2017,22 .94-110.
LEE Y D,A K Y. MOROSUK T, et al. Environ-
mental Impact Assessment of a Solid-oxide Fuel-
cell-based  Combined-heat-and-power-genera-tion
System[J]. Energy, 2015,79: 455-466.
PAPASAVVA S, KIA S, CLAYA ], et al. Life
Cycle Environmental Assessment of Paint Proces-
ses[J]. Journal of Coatings Technology, 2002, 74
(925) :65-76.

[D]. ,2014.
LI Shuhua. Life Cycle Analysis and Environmental
Benefit Evaluation of Electric Vehicle[ D]. Chang-
chun: Jilin University, 2014.
BURNHAM A, WANG M, WU Y. Development
and Application of GREET 2.7—The Transporta-
tion Vehicle-cycle Model [ R]. Chicago: Argonne
National Laboratory,2006.

, . [Jl.

, 2016,34(6) :52-61.
HOU Ming, YI Baolian. Key Technology of Fuel
Cell[J]. Science &. Technology Review, 2016, 34
(6):52-61.

( 2564 )



29 21 2018 11

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ing, 2011, 133(2): 379-399.
BENO T, HULLING U. Measurement of Cutting
Edge Temperature in Drilling [ J]. Procedia CIRP,
2012, 3(1). 531-536.
NASKAR A, CHATTOPADHYAY A K. Investi-
gation on Flank Wear Mechanism of CVD and PVD
Hard Coatings in High Speed Dry Turning of Low
and High Carbon Steel[ J]. Wear, 2018, 396/397:
98-106.
ZHENG L J, WANG C Y, FU L Y, et al. Wear
Mechanisms of Micro-drills During Dry High Speed
Drilling of PCB[ ] ]. Journal of Materials Processing
Technology. 2012, 212(10) . 1989-1997.
MUSFIRAH A H, GHANIJ A, CHEHARON C
H. Tool Wear and Surface Integrity of Inconel 718
in Dry and Cryogenic Coolant at High Cutting
Speed [J]. Wear, 2017, 376/377: 125-133.
Lyl
, 2012, 32(1): 40-46.
LI Anhai, ZHAO Jun, LUO Hanbing, et al. Wear
Mechanisms of Coated Carbide Tools in High-
speed Dry Milling of Titanium Alloy [J]. Tribolo-
gy, 2012, 32(1);: 40-46.
(1] , 2017,
28(21): 2614-2620.
ZHANG Ying, CAO Huajun, ZHU Libin, et al.
High-speed Dry Gear Hob Life Prediction Model
and Optimization Method [ J]. China Mechanical
Engineering, 2017, 28(21): 2614-2620.
(1] , 2017,
53(15) . 181-187.
CHEN Yongpeng, CAO Huajun, YANG Xiao.
Research on Load Distribution Characteristic on
the Cutting Edge in High Speed Gear Hobbing
Process [ J]. Journal of Mechanical Engineering,
2017, 53(15) . 181-187.
YANG X, CAO HJ, CHEN Y P, et al. An Ana-
lytical Model of Chip Heat-carrying Capacity for
High-speed Dry Hobbing Based on 3D Chip Geom-
etry[ J]. International Journal of Precision Engi-
neering & Manufacturing, 2017, 18(2): 245-256.
SCHEY ] A.
Processes [ M ]. 3rd ed. Boston:
2000 552-553.

Introduction to Manufacturing

McGraw-Hill,

’ ’ s

[y
(8): 1098-1104.

, 2015, 26

2564 -

[17]

(18]

[19]

ZHANG Hongchao, KONG Lulu, LI Tao, et al.
SCE Modeling and Influencing Trend Analysis of
Cutting Parameters [ J]. China Mechanical Engi-
neering, 2015, 26(8): 1098-1104.
YANS ], ZHU D H , ZHUANG K J , et al.
Modeling and Analysis of Coated Tool Tempera-
ture Variation in Dry Milling of Inconel 718 Tur-
bine Blade Considering Flank Wear Effect [ ] ].
Journal of Materials Processing Technology, 2014,
214(12) . 2985-3001.
KARPUSCHEWSKI B, KNOCHE H ], HIPKE
M, et al. High Performance Gear Hobbing with
Powder-metallurgical High-speed-steel [J]. Proce-
dia CIRP, 2012, 1(1). 196-201.

. . [J1.

, 2006, 17(20): 2155-2158.

QUAN Yanming, HE Zhenwei. Cutting Heat Dis-
tribution in Turning of Carbon Steel [J]. China
Mechanical Engineering, 2006, 17 (20). 2155
2158.

[18]

[19]

[20]

, 1987

. E-mail. yangxiao(@cqu.edu.cn,

2552 )
s . [M].
,2003: 234-235.
DENG Nansheng, WANG Xiaobing. Life Cycle
Assessment [ M . Chemical
Press, 2003: 234-235.
AHMADI P, KJEANG E. Realistic Simulation of

Beijing ; Industry

Fuel Economy and Life Cycle Metrics for Hydro-
gen Fuel Cell Vehicles[J]. International Journal of
Energy Research, 2016,41(5);: 714-727.
. GB/T 24044-2008
[s].
, 2008.
. GB/T
24044-2008 Environmental Management— Life Cy-

Standardization Administration of PRC

cle Assessment— Requirements and Guidelines[ S].
Beijing : Standards Press of China,2008.
( )

s 51988 s
1
20 . E-mail: chenyisong 1988 @ 163. com,
)s 51993 s
6 . E-mail: 571130429 @

qq.com,



