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Application of life cycle assessment of ethylene process in China
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Abstract: The environmental effect analysis for the ethylene process from five production processes including crude oil crude coal raw material ethylene
and electricity in China was studied through life cycle assessment ( LCA) approach by IMPACT 2002+ which covered thirteen impact factors. It was
found that the impact of non—renewable energy global warming respiratory effects and aquatic acidification played a dominant contribution. The most
contribution from non-renewable energy was crude oil. The effect of SO, NO, CO, produced by ethylene production and material production as well as
CH, released from oil extraction were the main contributors on the environmental impact which were the key factors for reducing the environmental effect
for ethylene process in China. The environmental impact of ethylene production using naphtha as raw material was smaller than that from light hydrocarbon.
However coal to olefin process should be further improved because of larger environmental impact. It can also be seen that consumption of resource and
emission of pollutants have made great progress after several decades of development.
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1 1t .
Table 1 Resource energy consumption and emission inventory of 1 ton of ethylene production kget™!
2.12x10° 1.00x10° €O, 1.69x10° 0.28x10°
0.69x10° 0.48x10° co 0.093 COD 0.016
0.14x10° 0.03x10° S0, 4.133 NH; N 0.001
0.08x10° 0.42x10° NO, 0.930 0.001
/(kWeh) 115.326 C4 0.32x10° CH, 0.056 SS 0.014
380.902 C6~C8 0.39x10° N,0 0.010
162.675 C5- 0.20x10° TSP 0.941
Co+ 0.05%10°
0.13x10°
2) N 2
2010.2011
( CLCD) ( 2010) . CLCD( 2010) .
2 .
Table 2 Resource energy consumption and emission inventory of production of petroleum products kget™!
/ /
1.06x10° 1.06x10° 1.10x10° €O, 0.44x10° 0.27x10° 0.58x10°
0.05x10° 0.04x10° 0.10x10° co 0.079 0.052 0.160
/(kW « h) 59.704 30.312 57.912 S0, 1.566 1.504 0.822
19.233 6.296 16.989 NO, 0.265 0.178 0.431
40.087 17.495 19.009 CH, 0.148 0.096 0.318
N,O0 0.002 0.001 0.003
TSP 0.114 0.073 0.112
0.55x10° 0.83x10° 0.55x10°
CcoD 6.500 10.060 6.220
NH; N 0.329 0.468 0.360
1.731 2.737 1.615
SS 0.041 0.065 0.038
2.3 LCIA ( Guinée et al. 2001; Goedkoop and Spriensma
2001; 2008)
( mid-point) ( end-point) . IMPACT
2002+
14
(
2008) . 4

IMPACT 2002+

2001 Eco-indicator 99

CML

2 ( Humbert et al. 2012;

Jolliet et al. 2003) .
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Table 3  Characterization results of mid-point categories kg
REP pPoP AAP AEP TAP GWP NEP
0.571 0.284 5.166 0.402 11.924 2.67x103 1.44x10°
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Fig.3 Normalized mid—point categories of ethylene production
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Fig.4 Normalized end-point categories of ethylene production
NO,
S0,. S0, NO, 56.98%  3-3
31.41% TSP 11.42%; ( 2006a; 2006b)
S0, NO, 25.74%  53.51% LCA ( 4. 5)
COD 15.61% 5.14%. >
CO,.CH,
1)
( 4 2002
47.03%; 58.31%
28.22% 16.03% (5) 2002 It ( N
) 3.20t 2010
37.89% 36.01% 3.03t ;
(5) 2002
2010
4 2002 2010
Table 4 Comparison of life cycle inventory of ethylene production in 2002 and 2010
/(kget™)
2010 2002 2010 2002
/(kget™) 1342.541 2302.56 co, 1351.814 2257.04
( ) /(kget™) 248.022 85.6 S0, 4.178 8.93
/m?3 0.937 162.21 NO, 1.411 11.6
co 0.251 7.62
0 2.9
0.416 5.84
1724.695 179.82
3.280 0.02
coD 10.608 2.57
- 3.1

:2002 ( 2006a) .
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5 2002 2010
Table 5 Comparison of environmental inventory of ethylene production in 2002 and 2010
/(kget™") /(kget™) /(kget™)
2010 2002 2010 2002 2010 2002
3026 3201 1.00x10° 1.00x10° co, 1693.694 1516.65
115.326 69.17 0.48x10° 0.48x10° co 0.093 11.37
380.902  154.26 0.03x10° S0, 4.133 5.72
162.675  313.93 0.42x10° NO, 0.930 12.98
C4 0.32x10° 0.35%x10° TSP 0.941 8.22
C6~C8 0.39%x10° 284 330.06
C5- 0.20x10° 0.001 0.04
C9+ 0.05%10° CoD 0.016 4.72
0.13x10°
;2002 ( 2006a) ; kW eh.
2011) .
; C6~C8 3) N N
N N COD ( 4
3 ( 5
( 4. Q) (
N 2006a) .
4 ( Comparison with
other production method)
2) : CO,.
SO, .NO,_. TSP 2002 59.89%.46.79% - 2
12.17%7.12% (0{0) 2002 3.29%. A A
2002 0.29% A
2010 )
.C0,.S0, NO, 4
6 ( 2005; 2013;
« » 2013) .
6 5
LCA
(
6
Table 6 Inventory of different processes of ethylene production in life cycle kget™!
1600.652 1478.594 1443.171 1384.130 1381.855 17.200
272.026 249.229 244.141 206.441 204.817 5289.000
13.872 12.814 12.507 11.993 11.974 0.403
/m® 1.163 1.038 1.015 0.834 0.876 0.546
co, 2204.817 1970.491 1672.647 1394.721 1427.963 5825.573
S0, 7.396 5.992 5.593 5.126 6.550 5.140
NO, 2.455 1.983 1.853 1.562 1.534 8.655




3206

34

1t It (

1t
5.8t CO,

3~5 S0,

5 ( Conclusions)

1) IMPACT 2002+

92. 94%
2)
NO,.CO,

CH,.  S0,.NO,

~

CH,

S0,.NO,
4)

( 1980—)

(1974—)
100

40.11%+96.71%53.21%

5.289 t
2~4  ;NO,

S0, .

Co,

CH,

41.67% CO,- CO-
87.83%.

C0,.NO,

40

(References) :

. 2008. I

36(32) : 13923-13925; 14049
Goedkoop M Spriensma R. 2001. The Eco-indicator 99: A damage
oriented method for life cycle impact assessment: methodology report
M . PRé Consultants Amersfoort the Netherlands
Guinée ] B Gorrée M Heijungs R et al. 2001. Life cycle assessment:
An operational guide to the ISO standard M . VROM & CML Den
Hag and Leiden the Netherlands

. 2012. 2011 M .
et al. 2012. IMPACT 2002 +:
M . EPFL Switzerland & the

Humbert S De Schryver A Bengoa X
User guide draft for version Q2.21
IMPACT Modeling Team

IPCC. 2006. IPCC R .

ISO. 2006. ISO 14040: 2006 Environmental managementdife cycle
assessment—principles and framework S . Geneve: ISO
Jolliet O Margni M Charles R et al. 2003. IMPACT 2002+: A new
life cycle impact assessment methodology J . The International
Journal of Life Cycle Assessment 8(6): 324-330
. 2008. I
26(2): 319-323
. 2005. I
21(5) : 12-17
. 2010.
J. 30( 10) : 2136-2144
. 2013.
J. 11(6) : 89-92
. 2010.
J. (3): 47-51
. 2013.
J. 32(5) 1 959-970
. 2006a.
() — J.
334-336
. 2006b. (1n)
I 25(4): 432-435
. 2013. 2012
J. 21(2): 18
. 2007. GB/T 50441—2007

2013

. 2011. “ ”
OL . : 2011-12-20 http: //www.gov.cn/
zwgk /2011-12/20/ content_2024895.htm
. 2012. . J. 20
(4): 67-72



