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Abstract

With the global eco-awareness, the FEuropean
Union has claimed several regulations, such as the
Directive on Waste Electrical and Electronic Equipment
(WEEE) to regulate recycling items for end-of-life
(EOL) electrical and electronic equipment. Demand
analysis and forecasting and reverse logistics network
design for waste recycling is a critical foundation in the
reverse logistics management of EOL electrical and
electronic equipment. This study attempts to develop a
series of models to analyze the demand factors, and to
predict the return quantity for waste EOL electrical and
electronic equipment, and develop a network design
model for reverse logistics network. The first part of
this study conducted a demand survey and analysis of
reverse logistics and recycling on EOL electrical and
electronic equipment. This study applies exploratory
factor analysis to identify key demand for EOL
electrical and electronic equipment recycling. This

study proposes a binary logistic regression model to
determine the return probability. This study combines
probability estimation and time-series forecasting
model to propose a hybrid forecasting model for return
quantity forecasting. Considering useful life of
electrical and electronic equipment, the production
shipment volume, and the return probabilities, the
potential return quantity is estimated. Furthermore, a
neural network model is developed to improve the
forecasting accuracy and eliminate the uncertainty and
randomness surrounding the input data. Finally, a case
study with a reverse logistics and recycling of EOL
electrical and electronic equipment data was provided
to illustrate the results and the application of the
model’s is shown to be more accurate prediction results
than useful life, ARIMA, GM(1,1), binary regression
and and GM(1,N) models. The results verified that the
proposed model is practicable, and provide a better
prediction and explanation ability.

In the second part of this study, the reverse
logistics network shape is designed and formed into a
network structure by applying grey clustering. This
study defines transportation cost index and risk index.
The topological relationships and locations among
reverse logistics centers are selected. Using grey
clustering, the recycling plants, disassembling plants,
recycling companies and the final treatment plants are
chosen and determined. On the basis of the designed
network shape (structure), this study proposes a
mathematical programming model to determine the
optimal distribution flows on all of the links forming the
designed reverse logistics network for waste recycling.
The main objective function is to minimize the total cost
of reverse logistics as well as the total risk. The total
cost includes transportation cost, operating cost and
disposal cost. On the other hand, the total risk includes
enroute holding risk and the site stock risk.
Furthermore, the model is also subjected to flow
conservation, capacity of facilities, limit amount of
facilities, the environmental regulations, and
non-negative constraints. Finally, a case study with a
waste computer recycling is provided to illustrate the
results and the application of the models. Sensitivity
analysis is also discussed. The results of the case study
verify that the models are prcticable, and also provide
higher flexibility on decision-making for reverse
logistics services providers.

Keywords : Green Reverse Logistics, Reverse Logistics
Demand Analysis and Forecasting, Reverse Logistics
Network Design and Planning
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23 |209525| 179954 | 14.11 | 223483 | 6.66 180934 13.65 | 184746 | 11.83 | 165755 | 20.89 | 214262 2.26
24 |273428{ 181275 | 33.7 | 205886 24.7 192390 29.64 | 186485 31.8 176040 | 35.62 | 197116 | 27.91
25 |141280| 173292 | 22.66 | 203856 | 44.29 210713 49.15 | 188240 | 33.24 | 177227 | 25.44 | 194767 | 37.86
26 |103321] 108868 | 5.37 |187203| 81.19 180575 74.77 | 190012 83.9 186961 | 80.95 | 178665 [ 72.92
27 |189787( 219248 | 15.52 | 180852 4.71 170627 10.1 191801 1.06 190673 | 0.47 | 172368 9.18
28 |206659( 206761 | 0.05 | 186078 9.96 191221 7.47 193607 6.32 187618 | 9.21 | 177084 | 14.31
29 |188091f 180356 | 4.11 |205721| 9.37 196600 4.52 195429 3.9 176137 | 6.36 | 195498 3.94
30 |172245{ 175806 ( 2.07 |[188701| 9.55 193477 12.33 | 197269 | 14.53 | 186085 | 8.04 | 179245 4.06
31 [200272]198810| 0.73 [188371| 5.94 190535 4.86 199126 0.57 186278 | 6.99 | 178819 | 10.71
32 [200843] 211860 | 5.49 |[168916| 15.9 198095 1.37 201001 0.08 197650 | 1.59 | 160308 | 20.18
33 ]191590f 191358 0.12 | 165128 | 13.81 199488 4.12 202893 5.9 199864 | 4.32 | 156648 [ 18.24
34 [221320] 213167 | 3.68 [169283| 23.51 198433 10.34 | 204803 7.46 197435 | 10.79 | 160526 | 27.47
35 [233099] 223697 | 4.03 [181903| 21.96 206718 11.32 | 206731 | 11.31 | 190059 | 18.46 | 172432 | 26.03
36 [238996] 216347 | 9.48 [171109| 28.41 211197 11.63 | 208677 | 12.69 | 196368 | 17.84 | 162176 | 32.14
EREE )
(:AAPE) % 10.54 26.48 16.09 13.54 14.55 27.63
o BT PSR IE] BT [ B R
il LU friﬁF'i*“u (%) e ARIMA(1,1,1) GM(1,1) | ., et I GM(1,2)
g PR = RGeS . Ay 4, = ow , BT e , = 2x
(Fl) ;E?EU@:' 7;;;?;[ [ T:(%) ;EIEU@I e (%) ;EYEUI@ uif (%) JLES,E(EU (%) ;EIEU[@ ui’:(%)
TENR [ [
37 |240020f 257625 7.33 |[162490| 32.3 214423 10.66 | 210641 | 12.24 | 201406 | 16.09 [ 153986 | 35.84
38 [187404] 169648 | 9.47 |[145875| 22.16 210290 12.21 | 212624 | 13.46 | 211117 | 12.65 | 138230 | 26.24
39 [264922] 169607 | 35.98 |[145815| 44.96 210580 20.51 | 214626 | 18.99 | 211152 | 20.3 | 138156 | 47.85
40 1242530 188407 | 22.32 | 143642 | 40.77 211828 12.66 | 216646 | 10.67 | 212422 | 12.41 | 136085 | 43.89
41 [218228]184392| 15.5 [154255| 29.31 213282 2.27 218686 0.21 206219 | 5.5 146126 | 33.04
R 42 [215888] 170866 | 20.85 |[147724| 31.57 214782 0.51 220744 2.25 ] 210037 | 2.71 | 139933 | 35.18
FHiRRe 43 [217312]211829| 2.52 |[140424| 35.38 216291 0.47 222822 2.54 | 214303 | 1.38 | 133013 | 38.79
44 1168461| 158256 | 6.06 | 126696 | 24.79 217802 29.29 | 224920 | 33.51 | 222328 | 31.98 | 120007 | 28.76
45 [140281] 158266 | 12.82 |131659| 6.15 219314 56.34 | 227037 | 61.84 | 219427 | 56.42 | 124703 11.1
46 [174895] 158259 | 9.51 [130592| 25.33 220826 26.26 | 229175 | 31.04 | 220050 | 25.82 | 123690 | 29.28
47 1154249( 158293 2.62 |132901| 13.84 222338 44.14 | 231332 | 49.97 | 218701 | 41.78 | 125874 18.4
48 [153436] 158262 | 3.15 [131049| 14.59 223850 45.89 | 233510 | 52.19 | 219783 | 43.24 | 124119 | 19.11
T TR
El\j/IL:F;E) % 12.35 26.76 21.77 24.08 22.52 30.62
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53 WHREE AN B
TR o o | | R ST
s R et oy | TES e [T e o | TS
(3,17) A 239.4929 50054.0161((5,25) A 373.7366 170423.8896
(3,25) el 5.471156 2002.443096|(2,10) JL{EII 1200.000 346800
(3,26) il 9.627592 3234.870912|(2,16) el 509.8784 140726.4384
(8,6) il 166.1657 20438.3811((2,17) el 0.3233438 100.5599218
8.17) i 7821152 18457.91872((2,26) i 0.2491418 109.1241084
(8,25) =T 4.977680 1951.25056|(14,17) ) 254.4248 91847.3528
(8,26) il 5.645121 2049.178923|(14,26) JL{EII 0.1757980 85.789424
(13,6) il 82.18454 9779.96026/(12,16) JL{EII 557.1159 177719.9721
(13,16) il 133.0057 27665.1856/(12,17) el 0.3233438 114.4637052
(13,17) il 6.349465 1606.414645|(12,26) =T 0.2491418 119.8372058
(13,25) i 5.607744 2299.17504(1,17) ST 1.421879 634.158034
(13,26) el 27.30149 10374.5662((1,25) JL{EII 253.0083 152564.0049
(15,17) il 103.8221 14638.9161((1,26) JL{EII 0.1757980 100.732254
(15,25) il 2.675720 797.36456((4,17) el 254.4283 102280.1766
(15,26) il 05022187 134.5046116](4,26) =T 0.1754973 92.8380717
(18,17) “ﬂdl 1.759765 98.54684((17,11) ’k;ﬂl 0.1521036 48.5210484
(18,25) A 104.9426 21513.233|(6,26) A 0.2933088 66.5810976
(20,22) el 107.0000 60241|(25,17) JL{EII 0.2551493 42.0996345
(21,22) il 107.0000 57780|(10,26) el 0.2514333 52.0466931
(19,22) il 107.0000 54356(16,26) i 0.2531498 46.832713
717) T 1.395041 22.320656((22,26) ) 0.2392622 86.8521786
(7,25) ST 105.0083 18166.4359|(26,11) T 8.062110 2547 62676
(7,26) el 0.1757980 25.139114|(3,17) Jﬁl 0.2441493 71.2915956
9,17) il 5.229434 360.830946|(3,26) el 0.1642199 77.183353
(9,25) il 34.76702 3963.44028|(13,17) T 0.3146056 111.684988
(9,26) il 0.1857065 12.8137485((13,26) L 0.2365026 125.8193832
(23,17) “\ﬂl 4.419596 1069.542232((18,17) ’J\;ﬂl 0.1874407 14.8078153
(9,26) T 0.1836000 17.6256|(2,26) Jﬁl 0.2354883 144.3543279
(23,17) il 0.8171463 277.0125957|(14,17) el 0.2387651 120.5763755
(23,25) il 64.80488 6415.68312|(14,26) ol 0.1606622 109.5716204
(23,26) il 0.1939766 26.3808176/(18,26) L 0.1101959 26.9979955
(24,22) =T 71.00000 14413|(7,17) T 0.2495319 5.4897018
(25,11) T 329.3185 82000.3065((25,17) Jﬁl 3144.745 726436.095
(22,26) il 0.2279494 115.7982952((16,26) Ol 0.2473763 64.0704617
(5,6) il 951.6498 230299.2516/(7,26) el 0.1713509 34.27018
(L17) T 0.2361125 147.3342|(12,26) T 1152.999 775968.327
417) T 0.2371381 133.5087503((1,26) T 0.1579315 126.661063
(6,26) T 0.2428511 76.9837987|(4,26) Jﬁl 0.1590351 117.685974
(10,26) il 310.8447 89834.1183((17,11) Ol 0.1421951 63.4190146
(5,22) il 385.6136 302321.0624|(9,17) el 0.2478154 24.0380938
(23,26) il 0.7643998 146.0003618(12,17) L 0.3122650 154.88344
(2,17) T 0.3135913 136.7258068| p 1% i& : 4, = £=3420825000 ~ ik *=985.9602 ~
PR TR R STy
bt 5 e B " A ) 554 B
Pl '1@[:&] " 0.3419157 0.1367791 0.5518779
MRS A () 3420825000 3420251618 3240635000
AR ERT 985.9602 975.8490 2744327
[pilys s m?' EHERY A 400900000 400900000 400900000
[fl'ﬂf’jr AEERY A 801800000 801800000 801800000
AE Y 4 3802409 3972188 3566884
}EEJ;'#/%IE";( VRS A 47916400 47916400 47916400
TR A 2166407000 216566000 1986452000
-
Tpii{f!gf FIS e dea e Ry 2147786000 2147363000 1985321000
ELRF VRS (B 4 18620610 18300030 1130777.
A e P £T1 i 983.0123 973.1386 2744312.
ARSEE 8 P E”ﬁrsﬁlﬁl 2.947858 2.710385 14.28978
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