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FAo] : HEEE, AEE7F & A E, AWHsE, A7) E, 7 A

Abstract : European directive DIRECTIVE 2002/96/EC requires minimum recycling & recovery rates on waste
electrical and electronic equipment (WEEE). We tried to make references for recycling and recovery rates of
parts and materials used in electrical and electronic equipment (EEE), which could be used to calculate
recyclability and recoverability rates of a product in the development phase. First, we investigated recycling
processes of WEEE and recycling and recovery characteristics of parts and materials. Based on the investigation
results and the european recycling data, we made a data base of parts and materials for calculation of recycling
and recovery rates of EEE. The developed DB was improved by reflecting advices of european experts.

Key Words : Recycling rate, Recyclability rate, Recovery rate, Recoverability rate, Electrical and electronic
equipment (EEE), Waste electrical and electronic equipment {WEEE)
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Table 1. Recovery and recycling targets defined by the WEEE

Directive|1]
Targets (wt%)
Category Recovery Recycling
and’ reuse
Large household appliances (group 1) 80 75
Automaric dispensers (group 10)
IT and Telecommunications equipment (group 3) 75 65

Consumer equipment (group 4)

Small household appliances {(group 2)

Lighting equipment (group )

Electrical and electronic tools (group 6) 70 50
Toys, leisure, and sports equipment (group 7)

Monitoring and control equipment {(group 9)

Medical devices (group 8) No target
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Figure 1. Recycling rate and recyclability rate.
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Table 2. Recycling rate of parts and materials for
refrigerator by Coolrec[4}]

Materials Recycling rate (%)
Aluminium 96.8
Ammonium units 70.0
Asbestos items 0.0
Waste 0.0
Compressor 95.0
Glasswool units 60.0
Wood 95.0
Carton and paper 95.0
Scrap 99.0
Coolers 90.0
Plastics 93.8
Mix 60.0
Qil 0.0
Other appliances 65.0
Pentium units 60.0
Professional units 60.0
Foam 0.0
R11 0.0
R12 0.0
Stainless steel 60.0
Wire 80.0
Steel 94.9
Glass plates 90.0

Sulphur units 60.0
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Table 3. Recycling rate of parts and materials for refrigerator

by Bresch{3]

Description Recow(';g’ rate Recyc(l;:)g rate
Ferrous metals 98 33.77
Aluminium-granulate 90 5.6
CFC 100 1.04
Cables 35 0.36
Compressors 98 20.32
Glassware 98 3.81
PU 99 8.98
Plastic-granulate 95 12.30
Oil 100 1.30
Non-ferrous metals 920 0.94
Residual materials 0 0.00
Total 88.42

Table 4. Recycling rate of parts and materials for television
by Coolrec (2006.3)[4]

Materials Recycling rate (%)
Waste 0.0
Funnelglass 100.0
Electronics 50.0
Panel glass 100.0
Guns 90.0
Glass-dust 0.0
Wood 95.0
Carton and paper 95.0
Scrap 99.0
Monitor plastics 90.0
Other appliances 65.0
Mixed glass 95.0
Wire 80.0
Coils 60.0
TV plastics 90.0
TV chassis 99.0
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Table 5. Recycling rate of parts and materials for television
by Bresch (2006.6)[3]

Recovery rate Recycling rate

Description

(%) (%)
Tubes 95 53.20
Circuit boards Il 33 0.33
Circuit boards III 25 1.92
Deviate unites 56 5.39
Cables 35 0.35
Ferrous metals 92 7.68
Capacitors 0 0.00
Wood 20 1.34
Plastics 10 0.96
Total 71.17
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Table 6. Reference of recycling rate for plastics
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Parts and Large household appl. | Consumer equipment | Small household appl. | Information and telecoms
materials Recycling  Recovery | Recycling Recovery | Recycling Recovery Recycling Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
ABS 85 97 83 97 83 97 60 95
ASA 85 97 83 97 83 97 60 95
EPS 0 97 0 97 0 97 0 95
PA 0 97 0 97 0 97 0 95
PC 75 97 73 97 73 97 50 95
PE 50 97 48 97 48 97 30 95
PMMA 50 97 48 97 48 97 30 95
PUR 0 97 0 97 0 97 0 95
POM 20 97 20 97 20 97 0 95
PP 85 97 83 97 83 97 60 95
PS 80 97 78 97 78 97 60 95

Table 7. Reference of recycling rate for ferrous metals

Large household appl. | Consumer equipment |Small household appl. Info:;?:g::;ls and
Parts and materials ;
Recycling  Recovery | Recycling Recovery | Recycling Recovery | Recycling Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
Steel (general) 95 95 95 95 95 95 85 85
Black malleable casting 95 95 95 95 95 95 85 85
Ductile casting 95 95 95 95 95 95 85 85
Gray casting 95 95 95 95 95 95 85 85
Stainless steel (magnetic) 920 90 20 90 90 90 80 80
Stainless steel (non-magnetic) 50 50 50 50 50 50 0 0
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Table 8. Reference of recycling rate for non-ferrous metals

Large household appl. | Consumer equipment {Small household appl. | Information and telecoms

Parts and materials Recycling Recovery | Recycling Recovery | Recycling Recovery | Recycling  Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
Aluminium 920 90 90 90 90 90 80 80
Aluminum alloy 85 85 85 85 85 85 75 75
Copper 90 90 90 90 90 90 80 80
Copper alloy 920 90 90 90 920 90 80 80
Brass 920 90 90 90 90 90 80 80
Chromium 50 50 50 50 50 50 50 50
Nickel 50 50 50 50 50 50 50 50
Tin 50 50 50 50 50 50 50 50
Zinc 50 50 50 50 50 50 40 40
Magnesium 920 90 90 90 20 90 80 80
Gallium 0 97 0 97 0 97 0 97
Silicone 0 95 0 95 0 95 0 95

Table 9. Reference of recycling rate for cable and wire

Large household appl. | Consumer equipment | Small household appl. |Information and telecoms

Parts and materials | Recycling Recovery | Recycling Recovery | Recycling Recovery | Recycling Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
Wire/cable (inside) 35 95 35 95 35 95 35 95
Power cable 25 95 25 95 25 95 25 95
Cable (assembly) 25 95 25 95 25 95 25 95
Harness wire (assembly) 25 95 25 95 25 95 25 95

Table 10. Reference of recycling rate for glasses

Large household appl. | Consumer equipment | Small household appl. | Information and telecoms

Parts and materials | Recycling Recovery | Recycling Recovery | Recycling Recovery | Recycling  Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
Glass (LCD, general) 70 70 70 70 70 70 70 70
Glass (tempered) 0 0 0 0 0 0 0 0

Table 11. Reference of recycling rate for PCB assembly

Large household appl. | Consumer equipment |Small household appl. [Information and telecoms

Parts and materials Recycling  Recovery | Recycling Recovery | Recycling Recovery | Recycling  Recovery

(%) (%) (%) (%) (%) (%) (%) (%)
Complex
(PCB/min. 30% metal)| 2 95 25 95 25 95 30 95
Complex
(PCB/min. 15% metal)| 13 95 13 95 13 95 18 95
Complex
(PCB/low valuc) 8 95 8 95 10 95 10 95
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Table 12. Reference of recycling rate for insulating materials of refrigerator

Large household appl.| Consumer equipment (Small household appl.| Information and telecoms
Parts and materials Recycling Recovery | Recycling Recovery | Recycling Recovery | Recycling  Recovery
(%) (%) (%) (%) (%) (%) (%) (%)
PUR foam
(heat insulation) 20 97 0 0 0 0 0 0
PUR-M
(massive PUR) 20 97 0 0 0 0 0 0
PUR-H
(rigid foamed plastic) 20 97 0 0 0 0 0 0

Table 13. Reference of recycling rate for pre-dismantled parts which should be selectively treatment

Large household appl.| Consumer equipment [Small household appl.| Information and telecoms
Parts and materials Recycling Recovery | Recycling Recovery | Recycling Recovery | Recycling  Recovery

(%) (%) (%) (%) (%) (%) (%) (%)
Power cable 25 95 25 95 25 95 25 95
Ext. cable 25 95 25 95 25 95 25 95
Capacitor (PCB) 65 95 65 95 0 0 0 0
Switch (Hg) 50 95 50 95 50 95 0 0
Backlighting lamps (Hg) 80 95 80 95 0 0 0 0
Batteries (internal) 0 0 0 0 0 0 90 90
PCB (high level) 25 95 25 95 25 95 30 95
PCB (medium level) 13 95 13 95 13 95 18 95
PCB (low level) 8 95 8 95 10 95 10 95
BFR plastics 0 95 95 0 95 0 95
Asbestos 0 0 0 0 0 0 0
CRT 0 0 90- 95 0 0 0 0
CFC - R11, R12 80 80 0 0 0 0 0 0
HCFC - R141b 80 80 0 0 0 0 0 0
HFC - R134a 80 80 0 0 0 0 0 0
HC - R600a 0 0 0 0 0 0 0 0
Fluorescent tubes 85 95 0 0 0 0 0 0
Others 60 95 0 0 0 0 0 0
LCD 75 95 85 95 0 0 0 0
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