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WEEE Recycling in Switzerland

A long, successful story e

IT and office
equipment as
from 1994

SWICO

recycling

Responsibility for Fnance the system via the Takes back and coflects used
the entire system ARF {without profit target) quip free of charge
Commissions the Operats the reuse
operating company of equipment and parts.
Informs the trade Returns used equipment
and end users free of charge
Dismantles/recycles in
accardance with the licence Operates
collection paints
Retrieves large amounts
of reusible Freriek Clear definition of responsibility
Transparts from collection
Further develops points and sales outies to
the level of tachnology the recycling companies
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WEEE Recycling in Switzerland EMPAQ
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El e with impressive numbers !
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3 2001 20 9600 6700 Overall 17500 4300 38100
2002 18 5600 6400 Overall 22300 1 300 34600
2003 27 14600 11600 5400 30200 9000 800 71600
2004 28 18100 13100 7500 33700 3600 1800 77800
2005 33 19100 11400 9300 37200 4202 3200 1900 82500
2006 34 23400 15300® 10700 41800 1100 3500 4200 1000002
2007 34 26100 14500 12300 42500 1110 8100 2900 107500
2008 21 26800 15100 13800 45000 1130 3600 2300 107700
2009 21 30700 15300 14600 46100 1120 3700 1200 112700
2010 20 30700 15800 15400 50700 1120 3200 3500 120400

é more than 17 kg in 2010 per inhabitant !
(while WEEE is asking 4 kg per inhabitant and year)
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Goal & Scope of the study EMPAQ

>

Materials Science & Technology

Does the WEEE recycling T as it happens in Switzerland i make
sense from an environmental perspective?

Combined Material Flow Analysis (MFA) and Life Cycle Assessment
(LCA) study e
A €& using latest material flow statistics from Swiss WEEE systems;

A €& icombination with a stepwise LCA model covering the complete
WEEE treatment chain (collection -> secondary resource/final disposal)

A €& using ecoinvent v2 as background LCI database

Functional unit:
A Treatment of annual WEEE amount, collected in 2009 in Switzerland

A € using a «xcommon basket of products»
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-1 WEEE treatment model

o
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. 1) pre-processing = E
collection -sorting .
- - dismantling .
E - mechanical separation -
. 2 2 PWB = printed wiring board .
. . 3) - -

8_ : pre-processing? OHW = other hazardous waste :

8 E m = transports .

7] . | -

o3 . . .

= = | end-processing | :

o . .

8 : 7 7 ! ! ! l :
battery metal/plastics cable plastics treatment PWB2 CRT devices| | =
treatment mix treatment treatment || ------ -------|| treatment treatment .
= ! o 1 | 1 :
: oG i3D ! :
E v v v i & g o % g : v E
: OHW?3) disposal || metal ! g% Lo (;5_, T treatment .
. treatment capacitors treatment ' = ! other waste .
;IIIIIIIIIIIIIIII IIIIIIIIIIIIlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIII:

Common v V} \ 4 v JV y v
basket of ferromanganese  mercury steel copper heat and plastics lead, glasv;socoudllets,
zinc aluminium electricity gold, silver ’
prod ucs T waste paper

(Additional) Energy Production et electricity

production production
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collection s - ansports

w

incineration /
land filling
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| Primary production of & -
. .
n . -
. ferro- o precious .
. aluminium copper .
. manganese metals .
. .
. .
- L}
L] L ]
: _ . other .
. zinc mercury steel plastics : .
. materials .
L] L ]
: | | I =
. l ] l .
L ] L}
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Common glass cullets,
wood,

waste paper

ferromanganese  mercury steel copper heat and plastics lead,
basket of zinc aluminium electricity gold, silver

producs 3

(Additional) Energy Production

lectrici
[only in case of landfilling ] heat electricity

production production

Conclusion




Material Flow Data SWICO/SENS EMPAQ
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2004 2009

Amountin t in % Amountin t in %

Hazardous fractions

‘:_: Other hazardous fractions Y 233 0.3 639 0.6

:
450686 61.2 616509 56.2
8776 11.7 66232 5.7
9133 12.2 200620 18.4
6862 9.2 10619 9.3
1105 1.5 16563 1.4
1204 1.6 973 0.9

Other valuable fractions 2 1450 1. 70

9 6} .
Sum of all fractions 74695 10966 A

D consisting of cooling substances, fluorescent layer from cathode ray tube (CRT) screens, mercury, selenium drums
2) consisting of glass, liquid crystal displays (LCDs), paper/board, toner modules, wood.
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Overall | f th ious Model R
AP GWP EP PCOP ODP
40E+01 A0E+0G 2 0E+00 20E+00 20E-04
16E-04 1
3.0E+01 | J0E+0G 15E+00 1.5E+00
o
w
ﬁ g g '31.25-01 1
-
§20E001 1 20E+03 - 1.0E+00 - >1.0E+00 + o
(&) w
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1.0E+01 4 1.0E+08 50E-01 ¢ 50E-01 1
40E-05
Q0E+00 00E+00 0.0E+00 0.0E+00 00«00
WEEE 2aselse baseine WEEE baseine  baselne WEEE Laselne basaine
recavery MswI Landtiing reccwery Ms landiling ecavery MSWI lanalitng reovery MSWI lascfiiing
ARD FAETP HTP TETP
24E+01 ~| BOET4 3.9E+04 14E+02
1.BE+01 6 0E+D4 26E+04 - 1.9E+02 4
g R . WEEE Treatment
i ; 3 g
- - -
%1.2540! : GOE+04 BBE+04 - - BOE+O1 - . Primary Production
2
6.0E400 - 205004 88E+03 38E+01
0DE+00 Q0E+00 0.0E+00 D.OE+00
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recovery  MSWI  landfilng recovery  MSWI  landfilling recovery  MSWI  landfilling recovery  MSWI  landfilling
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Results

Overall Impact of the various Models

EIP (Eco-Indicator'99 Points) / t treated WEEE devices

1400

1050

700

350

WEEE recovery

@ Ecosystem Quality

. Resources

baseline MSWI baseline landfilling

@ Human Health

-=¢ = reatment WEEE
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Results EMPAQ
The WEEE treatment model i step by step e

Introduction

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Il Il l
L I I I 1

EN'99, Total
---------------------- ) Tttt Sttt et ettt et Gk Rl Lk
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PCOP

ODP

ARD

FAETP

HTP

TETP

® collection & pre-processing m battery treatment O metal treatment
Ometal/plastics mix treatment W cable treatment O CRT devices treatment
o PWB treatment m plastics treatment m treatment other waste & OHW

Conclusion
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=1 Primary vs secondary production processes
o
= cable treatment metal treatment metal/plastics mix PWB treatment
treatment
2. 0E+01 4.4E+02 1 6E+01 3.6E+01 -
3
1.5E+01 - 3.3E+02 27E+01 1
g 12E+01 - *
(b} @
o ©
3 i
%)) ¥1.os+o1 . 2.2E+02 7.0E+00 4 1.8E+01
3 -
® -
8 £ 5.0E+00 - 1.1E402 25E+00 - 9.0E+00
Yy
w
0.0E+00 - 0.0E+00 - -2.0E+00 - ' 0.0E+00 -
secondary primary secondary  pnmary secondary  primary secondary  primary
battery treatment CRT devices treatment ' plastics recycling
= 8.0E+00 - ®m Resources
1 5E+00 - 1.8E+01
[}
_§ 1.3E400 - W | B.0E+00 B Human
°
W 1.0E+00 1 Health
w
2 75801 | 9.0E+00 4.0E+00 1 m Ecosystem
= Quality
§ 5.0E-01 -
- i: 4 5E+00 2.0E+00 -
o 3 01 -
= o 25E-01
=
= 0.0E+00 - 0.0E+00 - 0.0E+00
8 secondary primary secondary  primary secondary  primary
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Development in LCI data (ecoinvent v1 ->v2) R
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1.0E+02 |

OWEEE (2004, v1.1)

B.0E+D1

EWEEE (2004, v2.01)

GOE+01 +—
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4.0E+01 {—

2 0E+01

0.0E+DD

Total collection & battery metal treatment metal/plastics cable treatment CRT devices PWB treatment plastics  treatment other
pre-processing  treatment mix treatment treatment treatment  waste & OHW
100% | | || | | |
- ( }
0% — I
40% 1T—
< [
b 20% 1—
>
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Results

New Modelling of CRT treatment

EIP pert of treated CRT-Screens
1.6E+02

1.4E+02

1.2E+02

1.0E+02

8.0E+01

6.0E+01

4.0E+01

2.0E+01

Modelling with
ecoinvent v1.1

viA v2.2

Osecondary copper production
msecondary CRT glass production
mElectric Arc furnace

mDisposal Getter/Coating

OCRT glass pre-treatment

dataset(s) from

CRT Screens
CRT glass Shadow mask
recycling
Electric
milling H Arc
furnace
Grinding,
washing
—>
Disposal
Getter/
Coatings v
Glass
(cullets)
Modelling with
ecoinvent v2.2

ecoinvent

CRT Screens

(i) Glass recycling

| (ii) Black Copper

Disposal
Getter/
Coatings

CRT glass

pre-treatment

Shadow mask

secondary
CRT glass

Electric

Arc

furnace production

CRT glass

secondary
copper

production

CU, Pb, Sand
Zn
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Results
New Modelling of CRT treatment

EIP pert of Printed Wiring Boards

3.0E+02

2.5E+02 -

2.0E+02 -

1.5E+02 -

1.0E+02 -

Modelling with
ecoinvent vl1.1

Printed Wiring Boards

5.0E+01 -

0.0E+00 -
vii V2.2

OPrecious Metals refining
B Secondary Cu refining

B Secondary Cu conversion
B PWE pre-treatment

B Secondary Cu production

Secondary Cu
production
(2]
S 0
O ®©
Kaldo oven > S
kS €
v v
lead, Copper zinc
tin PP oxide
Legend
I:I own dataset(s)
Modelling with - dataset(s) from
ecoinvent v2.2 ecoinvent
Printed Wiring Boards
PWB
pre-treatment
secondary Cu  [NR@RES
conversion & > copper
refining Ly nickel
: I > silver
precious metal
refining > gold
—» palladium

EMPA

Materials Science & Technology



Results EMPA‘
Development 2004 - 2009 (in WEEE tretment /in LCl data)
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1.0E+02 -

OWEEE (2004, v1.1)

8.0E+01 BWEEE (2004, v2.01)

OWEEE (2009, v2.01)
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40E+01 {—
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Total collection & battery metal treatment metal/plastics cable treatment CRT devices PWE treatment plastics  treatment other
pre-processing  treatment mix treatment treatment treatment  waste & OHW

12: r — ‘r lr —
60% 4— I

40% 1—

20% 4— -I—
J

0.0E+D0

Conclusion
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Conclusion(s)

Introduction

A AWEEE recycling & recovery system results in clearly lower
environmental impacts than the baseline models
(incineration / landfilling)

A Collection and pre-processing contribute only marginally to
environmental impacts;

A main contribution comes from metals treatment, CRT devices
treatment and plastics treatment;

A greatest savings in can be achieved with secondary production
from battery, metals, cables, and PWB treatment;
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A Utilsation of non-adequate LCI data could influence in details
the results considerably (in both directions) i but only minor
Influence on the overall picture

Conclusion
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Thank you!

More Information: Pp. 174

Roland Hischier

Life Cycle Assessment & Modelling Group
Technology & Society Lab

Empa St. Gallen
Roland.Hischier@empa.ch
www.empa.ch/lcam
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