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Closing Material Loops @ WEEE Recycling

- Producer‘s View -

Dr.-Ing. Sven Grieger

ENE EcologyNet Europe GmbH, Wiesbaden

Vienna, 10. November 2010
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ENE EcologyNet Europe GmbH

• WEEE management system: 
collection at municipalities + voluntary collection

• 100% subsidiary of Panasonic Europe Ltd.
• Managing a network of recycling facilities (suppliers)
• Annual process audit at all suppliers by ENE 
• Projects on material-flow and process optimisation:

e.g. CRT Glass, Plastics, recycling of flat panel 
displays

• Technology transfer
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Content

• Material flow of WEEE as of today
• WEEE recycling under producer‘s responsibility
• Take-back of WEEE
• Recycling processes
• Recycling and recovery of key materials

CRT-Glass + plastic materials
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Experiences after WEEE Directive transposition

• ca. 9,3 Mio ton EEE put on the market EU-27 
annually

• ca. 9 Mio ton WEEE occur in EU annually

• 12,3 Mio ton of WEEE will occur 2020

24 kg per inhabitant and year

Data: EU Commission 2009
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Material Leakage example:
Mass Balance of Household WEEE in Netherlands

Witteveen+Bos, Onderzoek naar 
complementaire afvalstromen voor e-waste in 
Nederland, 10 April 2008 

Product categories Recycling 
Systems 

Municipal 
leakage 

Reuse +  
installers 

Waste 
bin 

Retail & 
uncertain 

WEEE 
(total) 

1a Large Household Appliances 0.82 1.25 3.3 - 2.64 8.0 
1b Household Cooling Appliances 1.55 - - - 0.28 1.8 
3a IT and Telecom In 3b - - - -  
3b Personal Computer 1.25 0.95 - 0.30 0.19 2.7 
5 lighting (energy saving lamps) 0.02 - - 0.07 - 0.1 
2 Small Household Appliances In 4 - - - -  
4 Consumer Equipment 1.73 0.30 0.3 1.11 1.58 5.1 
6 Tools 0.35 - - 0.37 - 0.7 
7 Toys 0.02 - - 0.18 - 0.2 
TOTAL 5.7 2.5 3.6 2.0 4.7 18.5 
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WEEE flow in EU – current situation

Disposal

13%
Municipal collection/ 
retail/ „second-hand“

33%

Non-conformal routes 
(e.g. scrap dealers, car 

shredder, export for 
„re-use“ etc.)

54%

Data: EU Commission 2009

Recycling facilities
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Extended Producer Responsibility
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Individual Producer Responsibility
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WEEE Collection System - overview
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WEEE Collection at public collection points

EAR Coordination
at ~1500 municipal
collection sites
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WEEE Collection – own initiatives

Voluntary Collection:
Fed. Envir. 
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WEEE Collection – B2B equipment
B2B Collection
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WEEE Recycling process - today
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Key Materials, example TVs

Source: ENE internal study

Plastics, partly with 
Flame retardants

16,4%

Chassis/ Printed
Circuit Boards

10,1%

Steel
8,8%

Deflection Yoke

3,1%

Wood
2,0%

Cable
1,0% Residuals

0,1%

CRT-Glass
58,6%
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Projects

• Material flow analysis of CRT-Glass

In cooperation with:
Giessen University/ ECOWIN
Technical University of Clausthal 

• Generating RoHS-compliant PS
from waste TV-housings

In cooperation with:
ZM-Elektronik Recycling
ATP

16

CRT-Glass – Material flow

Basis: Expert interviews in Germany 2009

Collection of EOL CRT Appliances

Other components dismantling

CRT

shredding of whole CRTs CRT cutting (hot, wire, laser, 
diamond saw)

mixed glass separation

other glass leaded glass unleaded glass

Open loop recycling
closed-loop recycling

88% 12%

100%

80%
20%

100%

60%30%10%

19%
81%
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CRT-glass arising in Germany 2009

Source: expert interviews
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Estimation of CRT glass arising in Germany
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Production of CRTs, need for secondary glass

2008 2009 2010

China 55 27

no specific 
forecasts 
available

ASEAN 25 20

India 10 13

Korea 5 5

others 5 0

Total production 
(million units) 105 65 45-50

Need for secondary glass: 235.000 t 165.000 t
100.000 t front glass
135.000 t funnel glass

70.000 t front glass 
95.000 t funnel glass

Source: expert interviews 2009
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CRT-Glass Applications 2009 (figures for Germany)

Application at CRT glass production

Mine filling

Secondary Cu/ Pb smelter

„Closed Loop“

„Open Loop“ Recycling 
(other applications)

• Slag former to substitute mineral agents
• Pb smelter: slag former, prevents diffusion of 

Pb into the slag
• capacity Pb smelters: 1.000Mg/a
• Capacity Cu smelters: 1.400 – 2.000Mg/a
• As well for Pb-containing funnel glass !

• 2009: capacity 12.000Mg CRT-Glass
• VersatzV (mine filling act):  1000 ppm Pb limit
• or: long-term safety approval
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Further applications for CRT-Glass (Open Loop), 
Capacities in Germany 

Radiation shielding glass

Construction material, light-weight concrete

Encapsulation of radioactive wastes

Additive for radiation shielding concrete

Foam glass

Grinding material, paint additive, crystal glass

Mineral and glass fibre production

Container glass industry

Glass bricks

Theoretically high enough, 
but fails Alkali-Silicate-Reaction test 

< 1.000 t/a

limited, only project-based application

Insignificant capacities

8.000-15.000 t/a

Quite low capacities

20.000-40.000 t/a

Theoretically high enough

3.000-10.000 t/a

Ceramic industry, flat glass production No significant capacities
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RoHS-compliant PS from waste TV-housings

• Situation:
– The majority of plastics from WEEE is being exported, e.g. to China 
– Critical: legal situation (import, export), actual applications 
– Obstacles for local applications: RoHS compatibility, costs, …

• Project with partners ENE / ZME/ ATP: 
– Analysis of TV housing samples on materials and FR content
– Development of a method to generate pure PS, which is RoHS compliant
– Separation tests, analysis of target material
– Cost estimation

• AIM: 
– General applications for PS locally
– Applications at Panasonic
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Analysis of TV housing samples
< (A) Front Cover + (B) Back Cover >

Number Measured Specific
 of samples
Front,Back

Gravity Range

ABS Br : over 8 % 0 -
10 1.169  -  1.247

Br : 100 - 1,000ppm 3 1.049  -  1.053
0 -

Br : None or < 100 ppm 8 1.041  -  1.065
2 1.050  -  1.060

PS Deca Br : over 8 % 3 1.147  -  1.176
15 1.120  -  1.177

Br : over 8 % 0   -  
2 1.139  -  1.166

Br : 3 %   -   5 % 1 1,012
6 1.059  -  1.072

Br : 0.1 %   -   1 % 2 1.033  -1.037
4 1.040  -1.051

Br : 100 - 1,000ppm 4 1.015  -  1.041
4 1.031  -  1.040

Br : None or < 100 ppm 72 1.018  -  1.046
49 1.029  -  1.050

? Br : over 8 % 1 1,172
0 -

Br : None or < 100 ppm 1 1,020
0 -

PS + PPE Br : under 100 ppm 0 -
2 1.097  -  1.120
5 -
6 -

200

Measured Specific Gravity range
BrMaterial

PP : 1 , & unknown : 5
PS : 5  (4: float , 1:nearly float)

1.000             1.050              1.100              1.150            1.200              1.250  
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Input:
13 t

(100%)

12,35 t

Preparation

12.10 t

Crushing, 
separating 
impurities

Output:
8.97 t
(69%)

2-step density separation 
of FR plastics

0.65 t
(5%)

0.25 t
(2%)

2.07 t
(17.1%)

Heavy fraction 
(FR-plastic)

impurities

0.44 t
(3.6%)

PP

0.64 t
(5.2%)

residuals
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RoHS Certificate

Measurement method: IEC 62321

X-ray fluorescence analysis XRF
(Spectro X-Lab 2000)

Gas chromatography/high-resolution 
mass spectrometry GC-HRMS
(Thermo MAT 95) 

Fraunhofer Institute for 
Process Engineering and Packaging IVV 

The tested material complies with the 
limits set out in the RoHS Directive.
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Summary

Distribution, Use, 
Service 
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Dr.-Ing. Sven Grieger
Managing Director

ENE EcologyNet Europe GmbH
Hagenauer Strasse 43
D-65203 Wiesbaden
Tel. : ++49 (0) 611 235 376
Fax : ++49 (0) 611 235 195
Email : sven.grieger@ecologynet-eu.com

http://www.ecologynet-europe.com

Thank you for your kind attention!


