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Fig. 1 Framework of substance flow analysis of generation quantities of WPCB and metal resources stock
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Table 1 Production, sale, import and export quantities of CRT Table 3 Production, sale, import and export quantities of

TV (Units: 10%) desktop PC (Units: 10%)
Year Production  Export Import Sales Year Production  Export Import Sales
2000 5496.70 1548.5 18.6 3966.80 2000 711.79 146.8535 2.69 567.63
2001 6053.80 1648.9 19.8 4424.70 2001 751.93 130.9091 2.98 624.00
2002 6347.40 1837.9 20.60 4530.10 2002 1463.27 22291 3.35 1243.71
2003 6548.90  2010.82 12.50 4550.58 2003 1883.04 377.89 1.9 1507.05
2004 7211.80  2227.31 9.82 4994.31 2004 1762.40 492.36 2.07 1272.11
2005 7668.00  2564.29 18.46 5122.17 2005 3518.84 623.25 2.39 2897.98
2006 723296  2992.20 28.90 4269.66 2006 3424.57 815.3 23 2611.57
2007 6604.64  2481.07 100.36 4223.93 2007 3401.95 874.68 2.64 252991
2008 5675.83  2071.80 41.30 3645.33 2008 2807.90 768.2 52 2044.90
2009 2916.06 1411.81 17.75 1522.00 2009 3193.95 699.52 9.79 2504.22
2010 2511.69 1430.20 10.40 1091.89 2010 5008.02 1046.3 27.6 3989.32
2011 1515.23 1090.10 6.10 431.23 2011 7974.82 974.3 39.5 7040.02
2012 845.74 622.00 4.60 228.34 2012 6226.31 903.9 31.6 5354.01
2013 287.59 82.70 2.03 206.92 2013 5603.10 1006.6 36.8 4633.30
2014 105.19 52.40 0.6 53.39 2014 865.83 274.03 22.9 614.70

#&2 LCD WML ™ B Bl D OLCRL: T 6) F4 A . B OREILCRL: TR)

Table 2 Production, sale, import and export quantities of Table 4 Production, sale, import and export quantities of

LCD TV (Units: 10%) notebook PC (Units: 10%)
Year Production  Export Import Sales Year Production  Export Import Sales
2000 0.22 0.08 3.56 3.70 2000 7.90 0.29 48.37 55.98
2001 0.95 0.24 10.25 10.96 2001 28.25 5.0881 52.57 75.73
2002 1.85 0.58 22.34 23.61 2002 117.00 32.96 60.11 144.15
2003 31.40 7.82 58.40 81.98 2003 1387.42 1329.57 66 123.85
2004 112.69 12.66 26.61 126.64 2004 2750.00 2532.24 85.71 303.47
2005 529.71 251.64 7.07 285.14 2005 4564.99 3374.42 72.99 1263.56
2006 1062.54 540.69 7.70 529.55 2006 5911.87 4818.11 72.2 1165.96
2007 1866.85 810.52 11.17 1067.50 2007 8671.43 7302.63 56.7 1425.50
2008 3293.36 1863.30 22.10 1452.16 2008 10858.70  9882.72 63.2 1039.18
2009 6956.36 4027.28 7.41 2936.49 2009 15009.47  12492.17 59.9 2577.20
2010 9151.64 5195.30 2.30 3958.64 2010 18584.12  13808.45 122.6 4898.27
2011 10713.08  5442.40 2.10 5272.78 2011 23897.38  16970.86 148.9 7075.42
2012 11632.24  5522.50 3.40 6113.14 2012 25289.36  20951.79 234.2 4571.77
2013 12488.48  5469.90 4.50 7023.08 2013 1744431  14712.33 367.7 3099.68

2014 14023.67  6895.40 6.10 7134.37 2014 22728.81 14921.3 100.6 7908.11
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Table 5 Production, sale, import and export quantities of mobile phones (Units: 10°)

Year Production Export Import Sales Sl;r;;l;iiggi)zes Shanzil;ieps)hones :;lt::
2000 38.52 9.51 6 35.01 10 3.50 38.51
2001 83.97 39.68 7.5 51.79 10 5.18 56.97
2002 120 41.09 17.2 96.11 10 9.61 105.72
2003 186.44 89.38 22.07 119.13 10 11.91 131.04
2004 233.45 146.05 12.72 100.12 10 10.01 110.13
2005 303.54 162.76 12.75 153.53 10 15.35 168.88
2006 480.14 385.72 28.92 123.34 10.40 12.83 136.17
2007 548.59 361.28 16.83 204.14 19.60 40.01 244.15
2008 559.64 314.29 17.72 263.07 24.20 63.66 326.73
2009 619.24 378.26 24.47 265.45 24.80 65.83 331.28
2010 998.27 497.93 18.65 518.99 23.70 123.00 641.99
2011 1132.58 507.81 9.25 634.02 15 95.10 729.12
2012 1181.54 496.23 9.59 694.9 10 69.49 764.39
2013 1455.61 729.12 8 734.49 10 73.45 807.94
2014 1627.2 880.12 10.12 757.2 10 75.72 832.92
R 6 2000-2030 FH E A LUK FEEHCRAL: TTN)
Table 6 Growing trend of population of China from 2000 to 2030 (Units: 10%)
Year Total population Year Total population Year Total population
2000 126743 2011 134735 2022 140970
2001 127627 2012 135404 2023 141300
2002 128453 2013 136072 2024 141560
2003 129227 2014 136762 2025 141760
2004 129968 2015 136930 2026 141960
2005 130756 2016 137750 2027 142090
2006 131448 2017 138490 2028 142160
2007 132129 2018 139130 2029 142160
2008 132602 2019 139670 2030 142100
2009 133450 2020 140120
2010 134091 2021 140580

=T AT IR K5 TR S R B ARIT o I T 2 £

Table 7 Average mass of typical electronic waste and mass percentage of PCB

Electronic product type

Average mass/kg

Mass fraction of PCB/%

CRT TV
LCDTV
Desktop PC
Notebook PC
Mobile phone

14.56
16.80
12.60
2.46
0.125

5.80
9.80
9.00
13.00
30.30
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Table 8 Metal content of types of WPCB

Metal content of WPCB/(mg-kg ")

Electronic .
Common metal Precious metal Less common metal
product type
Al Cu Zn Sn Pb Fe Ag Au Pd Ba Bi Co Ga Sr
CRTTV 62000 72000 5300 18000 14000 34000 120 5 20 2400 280 36 — 550
LCD TV 63000 180000 20000 29000 17000 49000 600 200 - 3000 - - - 300
Desktop PC 18000 200000 2700 18000 23000 13000 570 240 150 1900 50 48 11 380
Notebook PC 18000 190000 16000 16000 9800 37000 1,100 630 200 5600 120 80 10 380
Mobile phone 15000 330000 5000 35000 13000 18000 3,800 1,500 300 19000 440 280 140 430
—=—Colour TV
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Table 9 Estimated lifespan distribution parameters and

coefficient of determination (R%)

Product b Yav R
CRTTV 3.17 6.36 0.999
LCD TV 3.12 4.00 0.996
Desktop PC 3.56 2.81 0.999
Notebook PC 4.64 3.40 0.998
Mobile phone 1.76 1.73 0.995
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Fig. 10 Generation amount of metals in WPCB from five types of obsolete electrical electronic products: (a) Au; (b) Ag; (c) Cu; (d)
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Exploitation potentiality analysis of
metal resources in typical electronic waste

GUO Xue-yi', YAN Kang"? ZHANG Jing-xi', HUANG Guo-yong', TIAN Qing-hua'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Metallurgy and Chemical Engineering, Jiangxi University of Science and Technology,
Ganzhou 341000, China)

Abstract: The average and total possession amounts of typical electrical electronic products were estimated using the
logistic model. The generation amount of typical electronic waste and waste printed circuit board (WPCB) were
estimated using the population balance model (PBM). Stock of metal resources in WPCB and exploitation potentiality
prediction were analyzed with substance flow analysis (SFA). The results indicate that the total possession amount of
television, computer and mobile phone are going to reach to 776.49 million, 463.65 million, 1702.84 million, respectively,
in 2030. Generation amount of the five typical electronic waste and WPCB are going to reach to 280.73X 10* and
29.92 X 10* t, respectively, in 2030. The stock quantities of gold, silver, copper, tin, lead and strontium contain in WPCB
will reach to 119.5, 305.7, 60915, 7897, 5189 and 101.5 t, respectively, in 2030. In the period from 2015 to 2030, the
generation amount of typical electronic waste and WPCB are growing with constantly updating function, design of
electronic products and gradual shortening of service lifespan. But the growing speed will slow down, compared with the
past 15 years (2001-2015).

Key words: eclectronic waste; waste printed circuit board; population balance model; substance flow analysis; metal

resources; exploitation potentiality prediction
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