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Environment impact evaluation model of mechanical equipment
remanufacturing based on LCA

SHI  Junli, WANG Yajun, FAN Shuangjiao, JIN Haihua, LIU Huanyu

( School of Mechanical Engineering and Automation, Dalian Polytechnic University, Dalian 116034, China )

Abstract: Based on the life cycle assessment (ILCA) theory, the boundary of the remanufacturing
system of mechanical equipment was designed and the life cycle impact analysis model of the
remanufacturing of mechanical equipment was established through the process-based life cycle
inventory. the material flow analysis method and the energy consumption calculation method based on
the cutting energy. The list data of raw materials and energy consumption in the remanufacturing life
cycle of mechanical equipment were analyzed, and characterized as well as standardized to obtain the
comprehensive index of environmental impact in the remanufacturing life cycle of mechanical
equipment. WD615. 87 diesel engine was taken as a case study to assess the environmental impact of
each process stage in the remanufacturing life cycle. The resource, energy consumption and
environmental emissions in the remanufacturing process was analyzed, and methods of energy
conservation as well as emission reduction were proposed.
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Fig. 1 System boundary of remanufacturing life cycle

for mechanical product
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Fig. 2 LCIA model of mechanical equipment
remanufacturing
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Tab.1 Life cycle inventory of engine remanufacturing in different stages
m( ) /kg 22.100 22.100
m(C ) /kg 12. 050 12.050
m(C ) /kg 9. 020 9.020
m( )/t 0.120 0.102 0.014 0.061 0.013 0.326 0.038 0.582
m( ) /kg 45. 000 20. 900 0. 088 0. 367 0.075 1. 940 0.225 68. 580
m( )/ kg 2.180 0. 150 0.132 0. 546 0.112 2.890 0. 336 6.350
m(CO) /kg 0.576 11. 800 0. 005 0.002 0. 004 0.115 0.013 12.560
m(CO,) /kg 235.000 94. 700 23.000 95. 600 19. 600 507. 000 58.800 1 033.630
m(S02) /kg 8. 880 0. 160 0. 080 0. 333 0.068 1. 760 0. 205 11. 490
N m(NO,) /g 210. 000 380. 000 66. 400 176. 000 56. 500 1 160. 000 149.000 2 197.900
m(CHy) /g 1 460. 000 140. 000 68. 100 283.000 57.900 1 500. 000 174.000 3 680.000
m(H,S) /g 427. 000 2.660 0.011 0. 046 0. 009 0.243 0.028 430. 000
m(HCD /g 45. 000 5. 000 6.550 27.200 5.560 144. 000 16. 700 250. 000
m(CFCs)/mg 0.212 0.291 0.007 0.031 0.006 0.166 0.019 0.733
m( )/g 4. 440 2.910 25.500 34. 000 8. 490 84.900 17. 000 0.177
m(BOD) /g 785.000 65. 000 1. 310 5.430 1.110 28. 800 3. 340 890. 000
m(COD) /g 933. 000 87. 000 1. 960 8. 150 1.670 43. 200 5.010 1 080. 000
m(NH,) /g 7. 440 11. 300 0.043 0.178 0.036 0.943 0.109 20. 000
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Tab. 2 Life cycle impact assessment result of engine remanufacturing
m/kg
22.10 4.45
12.05 2.88
CRDP 582.21 1. 00 kg ce eq 2 607.05 3959 0. 65
68.58 26.40
6.35 12. 80
CO, 1 033.63 1. 00
GWP CH 5. 08 2000 kg CO, eq 1854.12 8 700 0.21
NO, 3.20 320. 00
CO 12. 56 2.00
ODP CFCs 7.33X10°7 1. 00 kg CFC-1; eq 7.33X10°7 0. 20 3.67X10°°6
POCP CO 12.56 0.03 kg C2H, eq 0. 38 0. 65 0.58
SO, 11.49 1. 00
AP O 720 070 kg SO» eq 14,05 36 0.39
H,S 0.43 1. 88
HCI 0.25 0.88
NH, 0.02 3.44
EP NO, 2.20 1.35 kg NO; eq 3.28 62 0.05
COD 1.08 0.23
3
Tab. 3 Life cycle impact assessment data and percentage of engine remanufacturing in different stages
CRDP/10~2 /% GWP/10~2 /%  AP/10~2 /% EP/10% /% ODP/10~7 /% POCP/1073 /%
33.700 52.30 3.010 14. 31 28. 000 68. 18 0. 500 9.39 10. 600 28.92 26. 600 1,57
14, 200 22.08 2. 900 13.79 1. 790 4,37 1. 580 29,67 14. 600 39.70 545. 000 93. 65
0.475 0.74 0.528 2.51 0. 368 0.90 0.146 2.74 0.377 1.03 0.242 0.04
1. 970 3.06 2. 200 10. 46 1.530 3.72 0. 605 11. 36 1. 560 1, 26 1. 000 0,17
0. 405 0.63 0. 450 2.14 0.313 0.76 0.124 2.33 0. 320 0,87 0.205 0.04
12.500 19. 34 11. 600 50. 41 8.080 19. 68 0. 020 37.56 8.300 22.65 5. 310 0,91
1.210 1. 88 1.340 6.37 0.939 2.29 0.370 6.93 0. 960 2.62 0.618 0.11
64. 500 100. 00 21. 000 100. 00 41,000 100. 00 5.100 100. 00 36. 700 100. 00 579. 000 100. 00
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