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Comparative analysis on life cycle environmental impacts assessment between
aluminum alloy and steel rim of vehicle
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Abstract: Based on the theory of life cycle assessment ( LCA), a new model is built by the GaBi software to assess and analyze the life cycle
environmental impacts of a certain commercial vehicle rim made of aluminum alloy and steel by means of the EDIP 2003 assessment system. The result
shows that the environmental impact of the aluminum alloy rim is far greater than steel rim during the stage of raw material acquirement, while there is little
difference during the manufacturing stage. The environmental impact of the steel rim is greater than that of the aluminum alloy rim in the employment stage.
In view of all stages, the life cycle environmental impact of steel rim is less than that of aluminum rim when the accumulative distance of the vehicle is less
than 116000 km.
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Table 1 Main parameters of steel and aluminum alloy rim in commercial
vehicle
b =90 ﬁé&;’ﬂ_ e i AT L
fit/kg MFE/L Hi/kg #/km
kil 45030 58.10 462 400000
B4 (A356) 44800 57.95 232 400000
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3 BEMBEYUELEEEREE (Data-processing
and model-building of each phase)

3.1 EATREKE G &

ASCHEGE A8 & e fe AR R G 4
A356, H BB RN 2 Fras (ke 4, 2002) , H
B RS RSOk (T 748, 2012) , BAREE 4n
% 3 FiR A A EA R R BUR RN 2 FTR
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[F] | T2 0 5 A 7 1Y O SR 5 48 2o 3 i A5 31 4
R, Hidr B ok H SCHK (Bertram et al.,2009)
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Table 2 Main ingredients of A356 aluminum alloy
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Fig.2 Flow chart of aluminum alloy acquirement
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Fig.3 Manufacturing process of aluminum alloy rim(a) and steel rim(b)
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Fig.4 Life cycle model of aluminum alloy rim(a) and steel rim(b)
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Table 3 Energy consumption and pollutant emissions in different phases of two different rims

e B - : ETRiriFE : _—
HL/MJ Tl kg Si/kg  RASR/m® BEHI/m? W/ kg J5Lh kg Mt/ kg
I iR 14742.44 0 0 278.73 0.03 1.99 0 0
il 173.25 0 0 2.77 0 304.92 18.48 0.01
Il BEE 2639.25 0 0 0 0 0 0 0
kil 2054.8 0 0 0 0 0 0 0
I} R 0 0 998.66 0 0 0 0 0
i 0 0 1990.64 0 0 0 0 0
v a4 184.69 0.014 2.08 11.19 0 0 0 0
kil 892.65 0 0 0.66 0 22.55 13.26 0
e HHB : : i
C0,/kg CH,/kg S0,/kg CO/kg NO,/kg PM, 5/kg
I WA 5448.2 10.01 15.87 22.02 10.91 1.13
G| 1383.81 1.06 3.05 16.3 3.01 0.85
Il a4 510.79 1.5 1.83 0.61 3.28 0.67
Gl 504.43 1.48 1.81 0.6 3.23 0.66
I} e 345.99 3.12 2.11 0.54 1.7 0.11
kil 689.77 6.21 4.2 1.08 3.39 0.22
v R -4399.32 -7.99 -12.78 -17.92 -8.61 -0.86
Gl -577.86 0.23 -0.96 -9.18 -0.3 -0.2

TE: 1 JRRPRRRI BE, 1L T BB, I s AT A B B, IV ISR I B B
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4 TEMERE S (Results and analysis)

=Tl it
K H GaBi B AFF1 EDIP2003 A= v J& BH3E4 7
XRG4 MUV ) e e 1T 4k o R PR 8

4.1
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B BRI A S I S 1 i R ek
SEHHZE R SRR TR Rl R IR AL T Rl R
MEALES RAUNSE 4 B,

x4 BESRPENHRE:EGARRERRE

Table 4 Life cycle environmental impact of aluminum alloy rim and steel rim
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§ ik ik . VotieE ke SR Wb 71t

e BB > SHAIE kg S ey SR Py o X

(UES)/m FAb/ kg Q0D A (107 mh ) H#E/ kg (UES)/m

BeEE I 1.84x107! 8.52x1072 7.36x107" 1.89x107* 1.92x107! 1.16x1073 1.34x107!

I 2.76x1072 2.47x1072 6.41x1072 4.54x107° 4.75%1072 2.95x107° 3.97x1072

i 2.37x1072 1.30x1072 4.92x1072 3.46x107° 3.45%1072 3.24x107° 2.07x1072

\4 -1.48x107! -6.73x1072 -5.95x10"! -1.50x107* -1.52x107! -9.49x107® -1.06x107"

\ 8.77x1072 5.56x1072 2.55x107" 1.19x107* 1.22x107! 2.15%107° 8.87x1072

kil I 3.70x1072 2.52%1072 1.67x107! 4.76x107° 4.89x1072 7.98x1078 3.65%1072

Il 2.73x1072 2.43%1072 6.32x1072 4.47x107° 4.68x1072 3.50x107° 3.91x1072

I 4.73%x1072 2.59%1072 9.81x1072 6.91x107° 6.87x1072 6.45%107° 4.13x1072

\4 -9.23x1073 -3.77%x1073 -6.80x1072 -7.09x107® -6.98x1073 -4.49x1078 -3.72x1073

\ 1.02x107" 7.17%1072 2.60x107" 1.54x107* 1.57x107! 4.49x1078 1.13x107!

T T ERPRREG, T T I B, I s A6 BB, IV IRISOR B BE, V - B2 4 JH 391 UES s unprotected ecosystem ( GARIPVAEBREE)  KIKE B FRLL

NO3 Himit, &R L. CO, M, BAZ R R11 ST,

SR TS UL b 2 R R RS [ R R ) A R X B
BRI/ AR Sciz 1T EDIP 2003 A= fi 5 9 0F
W5 AR AL IR GaBi FA4- 55005 2 AL
i AR AT IAGTAR , BRI b v Ak B T S5 AL
BT UE 5 Uros.

x5 FAEMEZMERMREALEFSNERF
Table 5  Standardization factor and weighting factor of different types of

environmental impact

RS R NGRS Hfs ESRS
[ 2200 m? 0.018
K E SR 58 kg 0.0173
LERAR I 8700 kg 0.0159
NFOU A7 R A% fi 10 107h~ 1 A1 0.0189
TG B A i 140000 10 m>h™! 0.0189
RAZWAE 0.103 kg 0.8937
Rl & B Ak 2100 m?2 0.0173

T BHERIET GaBi Budf .
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Fig.5 Comparison of environmental impacts between aluminum alloy
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rims and steel rims in different stages
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Fig.6 Comparison of environmental impact between aluminum alloy

rims and steel rims

HE— 2T 5 AT, B A e AR R R AR
U B A58 00 52 Wi 22t T4 7 e A, (E el T A
AR B R T A e, 7es A7 il B B
SRELIHFETE 22 B S, DX B 5 A K A 52 1
P O IRAFAE — AP, B S i AT Bl 3 —
R S A A PR TR A - A ] R A
TR HAZA A T AR SOR IR AT B R R 4 B
SEARSAETY T AR RS AN 7 .

0.013

—=— AR

0ot o= il

ERBEREMAPEAl

e e
= =)
S =
o) o

0.008

rr 1 r 1 11 ° 1 171711

0.007

| | | | |
0 100000 200000 300000 400000
179 B /km

B7 HEZMBEITEERNELXR
Fig.7 Relationship between the environmental impact and travel

mileage

H LS FIEL 7 AT, BT AR A A R T 7E Rk
FREL BE 5 il 3 B B X 9 58 1) 52 W) 114 8 AN 2K F
BT AR, SOTE A R IS AT R SR A R
XoF IS AR5 M 5 A Bt 4 7 0 LR g 394 o, 0 ok 6
THFEE Z M5 S 805 U HER TR & & i
MATIE AN Z11.6J7 km B, FRDAREHRI S 9%
1 R PR BE R R M [R]. 2 I Bt 2 1 7 s FEL s 4
Tl HE R A PR BT 5 A8 A A fe i, HoiR
ZNGE
4.2 HRMESH

T b b AR R R o S A PE AN 25 2R A A ]
ARG A T A PR BE 2 ) S AL i 2 KT
A, F2 B P oy AR A P2 B B A T K
IFLEE, PRI 328 1 SR AR SO X A= i JR B0 e RE 1 17
O S AT LR I S e B R AR AR S A
B R A A S B R P BN - 10% ~ 10% 742
AR, B AT A 5 M S A ) AR . B AR A A
K 8 Fisn.

0.014
—s— NG aRH

—— il

0.013
0.012

b

& 0011

s

£ 0.010

23?

2 0.009

H

0.008

0.007

-10% 0
A AL

B8 EBRETWIINERIDAERERT LS5 1T
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5 45 ( Conclusions)
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