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Abstract: The environmental impacts of co-processing technology in a cement kiln wereevaluated by investigating the life cycle of co—
processing poor quality packagingin a cement kiln. Life cycle assessment ( LCA) was used for analysis in the study and the result was
compared with those obtained during normal production. Data on mass energy flux and environmental emissions duringall stages of the life
cycle were obtained from experiments and the literature and the corresponding environmental impact values were analyzedusing the
software SimaPro7. 1. The results showed: 1) Over the entire life cycle of cement production the environmental impact was the greatest
during the production period. During this period the environmental impact value could be reducedby 10. 65% ( from 263 Pt to 235 Pt) by
co-processing poor quality packaging waste; the change was mainly fromthe reduction ofdamage from inorganic substances and acidification/
eutrophication. 2) Over the entirelife cycle the environmental impact value could be reduced by 8. 68% ( from 334 Pt to 305 Pt) by co—
processing poor quality packaging waste. This reductionwas mainly due tothe loweringof damage to human health and the level of
acidification/eutrophication whose environmental impact values were decreased by 11. 00% and 15.70% respectively.
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1 22
Table 1 Life cycle inventory related to electricity in China kg/kW h
1)
5.28x107" 3.03x10°% 1.30x10°* 1.14x10°% 2.21x10"* 3.29 3.46 x107% 6.96x107° 1.15x10°*
co, so, NO, TSP CH, COD,
1.12 6.73x107° 2.79 %1073 1.49x107° 2.54x107? 4.52 2.43 x10 7?3 1.2 1.84 x10 7!
o 1) m’. 1.
2 23
Table 2 Life cycle inventory related to raw coal in China ke/kg
1
1.00 8.59x10°* 5.13x10°*
COo, S0, NO, (of0) CH,
6.19x107%  7.45x10°° 4.29x107° 5.17x10°° 9.32x10"° 9.07x10°* 0.37 4.92 %1072
5.43 t. .
20 t » 20 km
1t US EPA( )
0.93 kW+h 1.15 MOBILE **
t 24 7
3. 300 459 km
b) Ecoinvent
4.5.
3
Table 3 Life cycle inventory of raw materials kg
24 2)
PM>IU PM2.5~]0 PM<2.5
1.23 x10° 1.41 x10° 1.23 x 102 6.95 2.48 0.50
RDF 1.22 x 10° 1.40 x10° 1.14 x 102 6.91 2.47 0. 49
1 2) kW +h.
4
Table 4 Life cycle inventory of transport for kg/( t*km)
1 €O, S0, NO, CH, co NMVOC PM,,
20 t 6.87x107% 1.14x107% 1.90x1072 1.43x107" 4.75x107° 1.01 x107* 1.18 x107° 2.03 x10"* 6.90 x10 > 1.92 x10®
3.20x107° 9.34x107* 1.04x107% 4.12x107% 6. 13 x107° 4.82x10 "% 4.96 x107° 6.94 x10 > 4.40 x10 > 1.80 x10?
c) . SimaPro7. 1 Eco-
100 t N indicator 99 RDF 2
14.34t 6202 kW *h; RDF N N
14.07t 6252 kWe+h RDF 2. 84 t 2
6. 2
77 %

2.3
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Table 5 Life cycle inventory of transport kg
RDF RDF RDF
2.38 x10°! 2.36 x10 ! 13.8 13.5 8.03 7.97
h 3.94x10°* 3.92x10°* 4.02 3.94 2.34 2.33
6.57 6.54 44.7 43.9 26. 1 25.9
€O, 49.5 49.2 177 174 103 103
S0, 1.64 x10 72 1.63 x10 72 2.64 x107! 2.59 x107! 1.54x10°" 1.53x10°!
NO, 3.49 x10 ! 3.47 x10 ! 2.07 2.03 1.21 1.20
CH, 4.08 x10 3 4.06 x 10 ~* 2.13x10 7! 2.09 x10 ! 1.24 x107" 1.24 x10 7!
co 7.02 x 10 2 6.98 x 10 ~* 2.98 x10 ! 2.93x10 ! 1.74 x10 7" 1.73 x10 7"
NMVOC 2.39 x10 72 2.37 x10 72 1.89 x10 ! 1.86 x10 7" 1.10 x10 " 1.10 x10 !
PM,, 6.64 x10? 6.60 x 10 ~* 7.74 x 10 ~* 7.60 x 10 72 4.52 x10 72 4.48 x10 72
6 300
Table 6 Life cycle inventory of production kg £ IR
@ ggp ) [ LA ERDF
RDF #
=
1.73 x 10* 1.71 x 10* % 100 n
3.20 x 10 3.19 x 10 vl
D 8.20 x 10? 8.26 x 107 L%ﬁﬂﬂﬂlﬁﬁﬁt T PR B
RDF 0 2.84 x10° [ipas €
X 2.01 x 10* 2.02 x 10*
2.15 x 10 2.16 x 10 2 A A
1.37 1.38
4.32x10 4.35x10 Fig.2 Environmental impact comparison of raw
7.07 7.13 material transport and production
CO, 7.11 x10° 7.17 x10°
co 7.31 7. 80 & 200
S0, 4.30 x 10 4.32x10 & 150 B s UL ERDF
NO, 4.76 x 10 1.97 x 10 %100
HF 3.88 x10°? 1.26 x10~? % 50
et 183 x10° 1. 80 x 10° Ry S Ty AT
voc 1.09 x 10 72 1.09 x 10 ~* % FFik
TSP 9.90 9.57 8w K
I 2.13 x10 "2 9.43 x10° "
1.59 10 °° 1.56 x10 ~° 3
BOD; 9.52 x107? 9.35x10°* Fig. 3 Environmental impact categories
COD, 9.07 x10 7 2.03x10°? during the stage of production
5.31 x10° 5.21 x10°
7.06 x 10? 6.92 x 102 N .
( 1% ) 3
7 28-30
2.25% :
Ecoinvent 3
N N /
RDF 235 Pt 4 . RDF
263 Pt 10. 65% . /
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Table 7 Environmental impact categories during the stage of production Pt
RDF
173. 44 69.70 102. 00 1.74 150. 21 45.50 103. 00 1.71
59.96 0. 06 39.90 20. 00 59.79 0.07 40. 02 19.70
/ 24. 66 13.20 11.10 0.36 20.33 8.77 11.20 0.36
4.83 0. 00 2.88 1.95 4.81 0. 00 2.90 1.91
262. 89 82.96 155. 88 24.05 235. 14 54.34 157.12 23. 68
7 RDF 214 Pt 10.00% ; /
25.3 Pt 20.9 Pt 17.40% .
/ RDF
RDF 2 334 305 Pi( 5 ).
RDF
4
& e 8.68% .
g 200L.jL o 7! iﬂl‘? 7@ ;i‘tﬁkﬂ 350
= D . a5
= { I F b | : o 554
N T N T T T § 35 A
i ek s R A
4 RDF 20 ek Fohk MRDF
RS S5
Fig. 4 Life cycle assessment of environmental impact 5 2
categories of cement between two methods Fig. 5 Life cycle assessment of cement
with two methods
4
. . 3
4 . RDF d RDF
238 Pt 8.
8
Table 8 Cost-benefit table
() RDF
) (1) 1 1/d) )
600 707.5 424 512.0 713.3 427 968.0
0.63 6 661.4 4196.7 6 836.4 4306.9
23 937.5 21 563.4 962.2 22 129.7
97 296.1 28 717.8 303.8 29 472.5
2 0.5 310 000 155 000 312 500 155 250
RDF 250 0 0 144 36 000
210 4934.4 1 036 224.0 5064.0 1 063 440.0
402 234. 1 388 312.9
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