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Introduction(KERC) : History & Main business

Present (Since 2015~)

Electronics Recycling Cooperative

2014. 12
/. Established KERC

History

Mutual aid businesses to
collect and recycle E-waste

LN

2

Managed laws, system
Hi @ related to E-waste recycling
istory
Business
Research & Develop the
® recycling technologies
® Providing public service &
Marketing for Door to Door
Service

:-rKE )_C




24 Nov 2016 Symposium on eco-friendly recycling technologies of

Hotel PEYTO (Seoul) end-of-life Flat Panel Display [(FPD]

Introduction(KERC) : Basic information

Strategic Management Team Mutual Aid Business Team

A

. Manufactures, Importers, Sellers :
T T H' ' 270 Companies(members)
y =

| Member Management

Mm@

Recycling Centers, Recyclers :

Orgal;izaﬁon & Personnel  Accounting Business 40 Companies(members)
Management ’ ‘“’“““‘‘*”““:ttt:;::t:t;tttt:;11t1t:ttt::::t:t;t‘‘*”““““””““““*”“““‘Eg
Public Service Team gﬂj@iﬂ% o #  Research and Development Team
n15§5 0903

P

Pl 2ER 1599-0903

Researchng
technical difficulties
in field

-fa aintenance of RC

Held a Technical seminar

O o 13 100”’ 3
Operating e-waste “Door to Door Service for information sharing KE ’.C
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Hotel PEYTO (Seoul)

Introduction : Legal system for e-waste in Korea

Since 2014, “Target Management System [4.8kg/yr.cap, in present]

/ Increase in amount of waste due to mass production and mass consumption in society \

Manufacturing Field

Deposits Paid Recycle S VTV R —
P % - Limited use on Hazardous Mat. | 2016 i
Lollec tlng - Improving quality of appliances R j' 4.8kg/eap-yr '
:|, '
Mandat \ ' 2014'------------
/ %/\\b\\ /) | Recyc//ng ﬂ@@ e Recycling i !
rjm\ o Customers
— Recyclers ' "
Colle¢tin - Reinforce facility standard
\J <~ Manufatturer :Gove nment 9 - Complying recycling method
‘M 2 gé - Achieving recycling goal
S - rnurr rmuu(— .
/7\]7 / Deposits Return Transfer Consumption Field

Separate collection Deposit refund Eco-assuarance Target-Management
of garbage system System system
@ Cleaning managed @ Designation  of @ Expansion @ Based on EPR, @ Expand list of
by local gov. office recycling business Obligations to Strong regulations Items
operator producers(Sellers) appearance [10 — 27 items]
KERC
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Introduction : Target Management System

Summary of Target Management System in Electronics Recycling
\_Related Laws

¥ ‘Act on the promotion of saving and recycling of resources’
)

(1992.12, At E oI Mg HTo| ot HE

=

¥ 'Act on resource circulation of electrical and electronic equipment and vehicles’

(20083, M7|MAIHZ 9 RHSAto| Xpadio] T HE
¥ [~2014] Refrigerator, Washing machine, Air-conditioner, TV, PC, Audio, Mobile
phone, Printer, Copying machine, Facsimile

[2015~] Added 17 items — Total 27 Items (electrical & electronics equipment)

¥ Ministry of Environment should announce "yearly Target amount”

v 2015 : 4.5kg/cap-yr — 2016 : 4.8kg/cap-yr
: S KERC
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Recycling process for end-of-life FPD in Korea

. N L°ad'"9 Formal Sector
Supplier ’ 1. Take back > E Unloading
’ (Producers,
Sellers)

W
" \ - | = - __T_'_' § \
L .--: . . ml : |
Home 2. Free-pick up Recyclmg \

(Discharge) (KERC) Depository “ny
\ .4 X Loading (Distribution) Nt

E )i . Recycler

Recycllng
Center

| Unloading

=

Community
Center

3. Buying Sticker
(Local government)

Unlicensed

Unlicensed
companies pickup Damage, censed
the E-waste Loss companies pickup

the E-waste B
ﬂ Junk shops

Damage,

—
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Recycling process for end-of-life FPD in Korea

In case of large-size H.A, take-back system occupy most of collection and transport

Route 1 @ Approximately 70% of whole amount in formal sector
' Collection S L R
1. Take back @ Lr N . \
(Producers, <~
Sellers) Install SN i ]
Retallers
Warehouse Formal Sector
From 12 to 14, collection and transport results showed the growth rate of 940%
Approximately 20% of whole amount in formal sector
..“i!-
Route 2
2. Door to Door service
[Fre&g{c‘g up] Consignment basis  Public depository Recycling center
Sticker price of stickers are different depending on local governments, respectively.
Approximately 10% of whole amount in formal sector /
- ire
- —_ ; s fig
_f@f*’ . " Uil
e -
Route 3 l@?} Collection == }f/

. -
3. Buying Sticker Local Authorlty Local depository
(Local government)
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Amount of end-of-life FPDs collected in Korea

Collected & recycled amount of FPDs in Recycling Center ('14-'15)

Amount Amount of collection
180,000 2015 272,000 ea
15 3%/T/
150,000
120,000 2014 — 177,000
— ea
90,000 2 Fn 2016’
It will increase..
60,000 -
30,000 -
Item LCD TV LCD Monitor LCD TV LCD Monitor
2014 2015 Year

_Zz_: \/ Amount that collected and recycled FPDs to R/C has reached at 272,000 in 2015

\' This data was not include a hidden flow thus, there are large quantities in actual fact.

\/ The amount of end of-life FPD is expected to increase contlnuously in future

SKERC
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2. Schematic recycling process for end-of-life FPD

[Manual dismantling] conventional recycling processes of FPDs

Removal of
e d Pre-treatment | d “Cold Cathode —_ Separation [
Fluorescer-t Lamp manually
Mtﬁ -

Inner frame Polarizing film Inner frame Glass, Plastic
[LCD]

Manual dismantling FPDs

14 ~KERC
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Recycling capacity and work conditions in Region R/C

Process type N\l/ng]rtlj((ersOf Takt time Capacity
MERC 2 cap AV. 20min/ea AV. 45ea/day
MWRC 4 cap AV. 20min/ea AV. 96ea/day
KRC Manual 4 cap AV. 12min/ea AV. 160ea/day
YRC dismantling 3 cap AV. 15min/ea AV. 96ea/day
HRC 2 cap AV. 12min/ea AV. 80ea/day
JRC 1 cap AV. 20min/ea AV. 24ea/day
X Specific tack time and capacity may differ from each RCs due to condition of work space

Y KERC
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Critical issues & discussion for recycling of the FPDs

Need; Mercury recovery system [For LCD TV/Monitor]

- CCFL would have significant impact to human and environment if improperly
disposed during the recycling process

- Mercury is less than 3mg per lamp from industrial references.

- Amount of mercury satisfies the domestic law match criteria but, harmlessness
technology is continuously needed.

Size Length Diameter Weight Number of Mercury Criteria on related-law
(inch) (mm) (mm) (kg) lamp (mg) (mg)
15 320 2.0 0.004 2 5.0~7.0 7.0 (satisfied)
LCD Monitor 17 350 2.0 0.006 4 10.0~14.0 14.0 (satisfied)
19 390 2.5 0.006 4 10.0~14.0 14.0 (satisfied)
20 430 25 0.009 6 10.0~21.0 21.0 (satisfied)
26 630 3.0 0.072 13 32.5~455 65.0 (satisfied)
LCD TV
32-37 805 4.0 0.115 16 40.0~56.0 80.0 (satisfied)
42 920 3.0 0.170 18 45.0~63.0 90.0 (satisfied)
T KERC
17 -

Thank you
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ECO GREEN ?
Environment /

FPD Recycling Process =
In KOREA

‘ -

Korea Recycling Center
LEE GEONUK




Annual Recycling Volumes

Recycling Centers
which are recycling FPD

Total 24 places

30

L

(2]

Domestic Amount
of FPD4places)

(Unit : ea)

300,000 -

250,000 -

200,000 -

150,000 -

100,000 -

50,000 -

® FPD monitor
mFPD TV

60%

Increase

2014 2015 <Ref ECOAS >

Current Process(Manual)

“Manual”

et R.C




~ Current Process(Manual) ‘

Recycling Process Flow of FPD(LCD)

———— = — -
.2. Back side case ! Inner case 4. Valuables ‘
separation separation product recovery

AT —

‘! CCFL removal in 7. Screen Plastic of 6. LCD Panel 5. Front case
LCD Panel LCD panel recovery collection separation

9. CCFL collection and 10. Valuables product
storing in isolation storing separately -l ..-ii“’{‘p

Current Process(Manual) |

Recycling Process Flow of FPD(PDP)

A & - q = —
2. Back side case . Inner case 4. Valuables ‘
separation separation product recovery

‘8. Recovery PDlﬂmetaI) 7. Glass recovery 6. PDP panel 5. Front case and
Panel removed glass from PDP collection(salable) screen separation

panel(manually)

__ R\ of %
] ‘ N "-\
’§ ,\

~ storing separately - J

C\ EhEEE NEs R
4 : T E




Current Process(Manual)

Problems of Manual Process

Takt |
Time_

\Faﬁgue¥

k of ensuring security

(ﬁgknan
\) LELES R T ET]

CRT TV(ea) LCD.PDP(ea)

v Daily stock increase of LCD, PDP TV and monitors

2014 72,357 9,546

v’ 2.5eal1person/hour — 5eal/1person/hour
2015 67,463

Variation -6.8%

20,840

v Need FPD recycling line for Increasing daily volume(50%1) +118.3%

)

KRE




Equipment Aided Process(KRC)

- Before

- 2.5ea/1person/hour(24mins/1PDP)

- General Table / Manual separation(Too many screws)
- Low recycling rate(takt time)

Pre-Treatment

- Three employees working at the same time
- Moving Table(Up & Down)

- Easy for large screen FPD

- Structure for Minimizing Fatigue

==Advantage

- Easy-Carrying / disassemble / separation
- 5.5ea/1person/hour(11mins/1PDP)

Recovery glass(Ag) on PDP panel - Lower dangers and Decrease glass recovery time
| by automatic equipment

- @ KRC
\) LELES R T ET]

Equipment Aided Process(KRC)

Video

@ KRC
\) LELES R T ET]




Conclusion

sssssssssmsssssnnmnnnnnnnnnni) Considering personnel safety
- Considering personnel safety from the toxic
substance while recycling FPD (Minimizing
N exposure)
- Minimizing dangerous operation within the
process / Need for safety device

Necessity for
FPD recycling
process
improvement

SEEEEEERERET ) Increasing productivity
- Need for improving productivity to treat
increased storage
- Need for refinement of process efficiency
regarding storage amount
- Need for refinement of process for valuable
product recovery and waste removal

Minimizing fatigue and
aaansnsneess@Mmaximizing work convenience
- Improvement equipment and process suitable
for long working time

- Improvement of productivity while considering
convenience

- Minimizing fatigue occurred repetitive work

(operation, equipment, etc)

Thank You
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Legal System

Basic Environment Act | Basic Environment Plan
Enacted November 1993 Enacted December 1994
Revised Jute 2012

The Basic Act for Establishing @ Sound Material-Cycle Society fIg,ﬁ;;,‘,“;:,,ﬁﬁﬁ";i,ﬁ;%’,ég,‘,‘;ﬂm,m
(Basic Framework Act) Enacted May 2000 ™ ana reduce environmertal oad

The Fund: or Establish

Cycle Society: Established March 2003
The fundameﬂtals lor o!hev plants deslgned by the State Revised May 2013

(Appropriate waste treatment )

(Promotlon of recycling)
i 5 = ~ 2 N
Related Waste Management Act 1| Effective Resource Utilization Promotion Act}1.
Act Enacted December 1970 ] Enacted April 1991) |
m Waste generation control

Reduce
(1] Recycling Of reusable feSOUICeS | Racycle — Reuse
:2) Approprialz ’\\Nta;e treatment (Iuc;;n?lng Lecycllng) (2) Devel £ of easy: e CYi same
{acilities 3 structures and materials R (38)
(3] Labeling for sorted waste collection
;;; 5eg\il§nfn on :faste n;anagemem opefamfs @) Promeon o the eNecve iise ot t

Regulations In accordance with the properties of Individual products

Containers and

Ulance | Food Recycling  Construction Automobile small Home
: {lanc
kcﬁ"'ﬁ% ct ““"A‘fp Act RecyclingAct  Recycling Act R;ypgw e

Enacted June 1995  Eracted May 1998  Enacted May 2000  Enhacted May 2000  Eracted July 2002  Enacted August 2012

Boltles, plastic ‘Air conditichers, (

botties, paper and | | refrigeraiors, freezers, ‘Wood, concrets, i Smal! etectrotic
plastic containets Vs, and washing and Food waste ahd asphalt Automobiles devices, etc
‘and packaging etc.) (drying machines

_§ Green Purchasing Act (to promote the purchase of recycled preducts by the government)
Eracted May 2000

Japanese Law System for Recycling until 2013

@ Fundamental Environmental Laws
@ Fundamental Law for Establishing a Sound
Material-Cycle Society

(Aim : Keep Social Material Circulation, Reduce Consumption of
Natural Resources, Reduce Environmental Risks)

® Waste Management Law

@ Law for Promotion of Effective Utilization of Resource
© Containers and Packaging Recycling Law
(Glass, Bottles, PET, Paper and Plastic Containers and
Packaging, etc)
© Home Appliances Recycling Law
(Air Conditioners, Refrigerators, Washing Machines, TVs)
© Food Recycling Law

( Food Residuals)

© Construction Materlal §ecycllng Law
Wood, Concrete, Asphalt

© End-of-Life Vehicles Recycling Law
( Automobile)

Source material by EPA and METI Japan




Home Applialnce Recycling Law

=

[ ]

===
Ref. Washer Air Coc.

LDP

Above Item, Domestic Appliance Only

Citizen’s payment for recycling (when they dispose)
(including transportation & recycling) is follows (Japan) at 2010,
Air conditioner : about \ 2,625

Washer, Dryer : about \2,520

CRT, LDP, PDP : about \1,785 (under 15inch) \2,835 (over 16inch)
Refrigerator: about \3,780 (under 170 liter) \4,830 (over 171 liter)

B Flows of recycling costs and waste home appliances
(example: collection by retailers)

e
E
gas 2
vo A G
© 2o Receiving recycling v Ordering home appliance
¥ 30a | charges, collection fees, = sheets and shipping
o B | and fransportation fees o waste products
Tnad w
® as » .
o g L ; % Recycling charges
ao Q =
e a o, .
< Accepting waste g.
products
Q f%-% Transportin
R gedal  waste products
‘ Fo——"
64 agag%;?gs;ggh?g;s Distributing recycling

tickets to retallers

Association for
Electric Home
Appliances
Recycling
Ticket Center (RKC)

Designated
acceptance site

I

[sampe;ﬂqubaa] [:n,a ‘s.la.um:e;nuew]

=i Flow of home appliance recycling tickets

=l Flow of waste products

Flow of recycling charges, etc.

Only collected

by Retailers

[a k-]

g2 i
g No Municipal
m = .

w3 collection

47 factories
For Treatment

Source: Compiled from a diagram on the website of the Association for Electric Home Appliances

Flow of Large sized WEEE (2012)

A 4

Recovery by EPR

(Home Appliances Recycling Law)

Second Han

(Overseas)

2,940,000
(9%)

Overseas

for scrap

3,620,000
(12%)

Collectionby | —
—p| Retailer > 1 9,57?;000
17,520,000 (62%)
(56%)
Disposal -
from (jolltle(cgonl by N
Houses .| Junk dealer
6,410,000 — | Unknown
31,360,000 (20%) —| (Overseas)
SET 4,350,000
SETS ,990,
lllegal dump (14%)
(100%) > 161,000
(0.5%) Informal export
Dilution N
Collection by ~ [ Domestic
Municipality [— | 229 serap
81,000
243,000 |—> ’ 960,000
’ (0.2%) 0
(0.8%) | (3%)

Source: Ministry of Economy, Trade and Industry (METI)




Track record WEEE collection in Japan
| [Collectionweight | Kg/year-inhabitant | __Resources

HAR Act 511 thousand t 4.01 AEHA (2014)
SHAR Act 23971t 0.19 MOEJ (2014)
Total 4.20

HAR: Home Appliance Recycling Act  SHAR: Small Home Appliance Recycling Act
AEHA: Association for Electric Home Appliances

iz Country(2013) WEEE collection
SE
D‘: 1 Norway 20.66
BE
m
Fl
Ly 17 Poland 4.52
o 18 Japan 4.20
ML
; 19 Slovenia 4.15
Lo
8
F1
= 33 Romania(2012) 1.15

® 4. 2kgis official and visible track record of WEEE Japan.
® Some different such as number of targetted WEEE items(EU:
over 100 items, Japan 32 items), and legal system.

® |f Japan is located in EU the record is not so good.

10 15 20 %
kg/inhabitant

4.2kg #2007 =2010 Source: Eurostat

Clean and High performance

47 factory of HAR are in Japan.

All HAR factories are operated by |
manufacturer EPR system.

Some HAR factories treat SHAR
items.

There is another facilities that
treat SHAR items only.

Refrigerator
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The existing actions for Japanese WEEE

The existing actions for Japanese WEEE

(1) Law Base
@Home Appliance Recycling Law

(Air Conditioner, Refrigerator, CRT, LCD, PDP, Washing
Machine, Clothing dryer)

(2) Self-action by Manufacturer
@ Mobile Recycling Network (Mobile Phone)
@PC-3R (Computer)

(3) Uncontrollable Reuse and Recycle
@Reuse as a Secondhand goods

(Japan, Southeast Asia)

@Exported to Other countries ( for Recycling)

(4) Disposal
@Be dispose of in landfill as the general garabage

(municipal waste)
@illegal Disposal

Increasof s
of thé waste ‘l_;_‘,

Products =

Use 3 Bper
x>
I i e Ve S

I ¥ v
resource B : dispose
ERecovery ”
The securing
resources

Because WEEE continues increasing, it is necessary to solve
malfunction of system.

o

=) | What is the most suitable system? |




Law for the Promotion of recycling of small domestic electric appliances
This law was enforced from April ,2013.

Basic concept

In order to prevent the outlaw of domestic resources and the spill of hazardous materials to developing
countries, new law aim to do as follows.

Local governments are encouraged to separate WEEE from the municipal waste land that disposed them
currently.

Government directs the proper recycle route and certify good recycler.

Government must do the bed trader crackdown, the measures of customs inspection, more strictly.
Under this law, only certified WEEE recycler and their operating routes can receive WEEE from the local
government. Local governments give the collected WEEE to the certified recyclers.

Certified recycler can operate without the permission of the particular regulation of some of the waste law.
(For examples, transporting and processing of municipal solid waste is required permissions in each
municipality)

Manufacturers do not undertake any obligation to recycle process.

Eventually, this law does not impose obligation to anyone, just promoting the recycling SDA. So, how many
municipalities will join is important point.

Small Home Appliances Recycling Law (2013-)

Domestic small sized WEEE except for the items of Home Appliances Recycling Law.
Not EPR system, Applied Municipal waste management,
Destination control of Small sixed WEEE
' Proper Treatment
Landfill, improper Scrap ‘ (Hazardous Treatment, and
Resource Recovery)

Participation of Municipalities to this system is not mandatory.

Role of Manufacturer Role of Retailer Role of Government

1
E Reduction of recovery cost i i Collaboration with municipality i E Securing of financing i
! Positive usage of recycling materials | | for the collection of WEEEs 1 | Promotion of R&D i
J 1

1 ]

1

1
e e e e SN L Education and PR activities
“

' i . x G = mm
No pay PR Disposal [ “wmewm . B == z,_é Manufacture
S = T ) il —)

1] 2 &

B_ql_q_o_f__C_up_z_qg___‘ Gollection Consolidation  |ntermediate treatment  Metal refining

! Segregated disposal; (Dismantle, Separation)

e s i i bl b 1

\ J \ )

1 I
Unforced  Role of Municipali Role of Qualified Recycler ~ BY MOE
p Y/

E Adequate recycle of WEEEs

i Segregated collection !
| They must receive WEEEs from municipality |
1
1

LDeIivery to qualified recycler
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STRUCTURE OF LCD (CROSS-SECTION VIEW)

Viewer
Backlight panel
Color filter
Black matrix
Indium Tin Oxide vAy
{ITO) common electrode ‘,v.(
Alignment layer
Sealant
Spacer
» Liquid crystal
A

Indium Tin Oxide ;‘1
{(ITO) pixel electrode 8y

L Thin-film transitor

Storage capacitor

W

 Color filter substrate

Driver IC

TFT Array substrate

DDA

Lamp

00000000000006—— Backlight module

« a LCD contains several electro-conductive electrodes, which are
made mainly of indium tin oxide (ITO).

« ITO is a mixture of indium(III) oxide (In,05) and tin(IV) oxide (Sn0O,),
typically 80 to 90% In,05 and 10 to 20% SnO, by weight.

+ a LCD contains approximately 1,400 g/t indium (In), if all the parts
made of organic material are removed in advance.

« A cellular phone contains ca.6.2 mg In.

14




Two ways of LCD recycling

Manual Disassembly

Advantages

Automated Shredding

|

Advantages

* Pure waste stream + Faster processing
* Higher value * Lower labour content
components

» Automated hazard
» Control of hazards removal

Disadvantages Disadvantages

* Time consuming ~ 30 » Requires material
mins for large LCD TV sorting

» Labour intensive

* Containment of mercury
during process

» Manual removal of
hazardous components * Mercury has to be

removed from shred

Tim J McDonnell and Karl S. Williams 5t World Recycling Forum 2010

Minamata Convention on Mercury

* In order to prevent global environmental pollution and health
damage caused by mercury, a new convention named "Minamata
Convention on Mercury" was agreed at the fifth session of the
Intergovernmental Negotiating Committee to prepare a global legally
binding instrument on mercury (INC5) held in Geneva, Switzerland in
January 2013. The Convention will be adopted and open for signature
at the Conference of Plenipotentiaries (Diplomatic Conference) to be
held in October in Japan.

* The Conference of Plenipotentiaries on the "Minamata Convention on
Mercury" was held in Minamata and Kumamoto in Japan from 9 to 11
October 2013 and was preceded by intergovernmental preparatory
meeting from 7 to 8 October 2013.




Mercury Content of CCFL in LCD
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Tim J McDonnell and Karl S. Williams 5t World Recycling Forum 2010

Current Approach in Recovering Indium from LCDs

+»... about 70 % of indium is extracted from ITO scrap. > main recycling route

... how to recover indium from ITO:

1. Pyrometallurgical treatment of LCDs at relatively high temperature (from
500K to 1473 K):

Main Disadvantage:
* the energy consumption is relatively high.
* the extraction of indium is relatively low.
2. Hydrometallurgical process*
Advantages:
* Low energy consumption in dissolving ITO, and then recovering relatively
high puroty indium.
Main Disadvantage:
* |t requires a relatively large volume of solvent (typically HCI solution) for
leaching.

Most difficult point In Both processes is only 1g ITO can be recovered from Large LCD
after waste LCD from consumer.
Key point of FPD recycling is not to recover In but how to recycle glass and how to treat Hg




An Example -Recycling Plant in HMC Factory
- Minor Rare Metals Recycling Plant -

Plant Capacities Operation
Nickel 40 (t/M)
Tin 40 (t/M)
HMCI |Lead 100 (t/M) 2008/8
Antimony 14 (t/M)
Bismuth 19 (t/M)
Zinc 60 (t/M)
: 2009/2
HMCI |Indium 1 (t/M)
Cadmium 9 (t/M) Not decided
From JX Nikko Metal Corporation
HMC Factory Operation
= Recycling of Rare Metals -
Cd Sludge Zn Slime (Zn, Lead Slime Sb Slime (Sbsn Slime Ni Slime
(Cd, As, Cu) Cu) (Pb, Sb, Bi, In, Cu)  Bi) (Sn, Pb) (Ni,Cu)
Pb
Zn Plant
Cd PI J ib = Sn Plant
Cu Sb PIant !
E Furnace * 5 | Cu_[Nj plant
| cu ] In Plant
’ Flush Furnace ‘ EYRETS
| !
| CuMetal | pp\eta] | ShOxide | Sn Metal !
Cd Metal Zn Metal Bi Metal In Metal Ni Metal

From JX Nikko Metal Corporation
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Difference of Waste Framework

Directive 2008/98/EC on waste (Waste Framework Directive)
- /

PREVENT
— [Prevenon | Transaction freely

PREPARING F OR RE-USE Thermal Recycle, Dilution
7 Easy Cascade Recycle

nscrcuus f
RECOVERY Buy Someone = Recycle
Japanese
1 Border Line .
g@ »psposa/;/ Pay money to dispose =\Waste

Strictly control by Waste
Management Law

(Disposal responsibility of municipalities) Municipal waste
embatle wase,

ros-combertibie wase, sz

{ Waste |
Municipal wasta | i 1
l {Faw sewzge] Japanese Waste Management Law

Specially controlled municipal waste [§i] |

=wWaste other than industiial waste

* |t is not so important about Recycling

(Disposal responsibility of business operators) Qual Ity
* “Who has Responsibility” is first.
* “Whether Hazardous or not” is next.

Industrial waste From amon% waste generated during business

activities, 20 types of waste spacified by law (* 1J|

Specially controlled industrial waste [*3) ]




WEEE collection method was affected by
original general waste collection

| -1970s | [ 1990s | [ 2000s |

> Waste Problem < * Big 4 WEEE (1998)
__,--"/ ~ Small WEEE (28 items)

L~ . Likevoluntary yet
. Home R
Landfill of ‘ Appliance SDARecydle | |« __General ]
General Waste Temporary collection (Resource) —— [soft law) . Vel '|

Mixed Garbage = mainly Incineration | Collection | | Takeback by Retailer >
Voluntary collection of Resource

Landfill of
General Waste Others (each house)

Incineration and Mechanical Separation X Container Park
, K Collection
(Under each country’s policy) Take Back byRet

Existed (metal) Recycler
No country border

= General garbage collection method of Japan and EU is separated in 1970s. WEEE collection
method was affected by this.

Responsibility of Manufacturer in Japan is so strong than EU case. There is almost no
responsibility for municipal collection.

| Treatment | | Designated 47 factories (new Build) >

All waste appliance

EPR share (Manufacturer, Municipality, etc)

Conclusions

The condition for material recycling in Japan is gradually improving by
enforcement of Home Appliance Recycling Law.

Small and middle sized electric appliances except for Air conditioner,
Refrigerator, Washing machine, TV-set, have been recycled, However, amount
of them don’t leach a current target that is 1kg/capita.

Certain amount of the metals in these WEEEs are disposed, and become
unrecoverable form in the land fill site, now. Also, the problem of an outflow
about WEEE towards a foreign country cannot be disregarded.

Key point of LCD recycling is not to recover In but how to recycle glass and how
to treat Hg. LED lumps are used in very recent LCDs then no more use of Hg is
one of problem after safe recovery of Hg from back lights. It is almost same
problem of CRT recycle.

Further trial for new collecting system that combine municipal waste and
industrial waste is necessary.
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BLUBOX:
THE TECHNOLOGY FOR THE RECYCLING
OF FLAT PANEL DISPLAYS AND LAMPS

g.grimaud@mtb.fr

(S
blu
box

Seoul, November 2, 2016

1 Introduction

2 Organisation of FPD Recycling
3 BLUBOX

4 Sorting the Mixed Fractions

5 Other Information




4 INTRODUCTION

Presentation of MTB Company

INTRODUCTION

Presentation of MTB Company trades

Machines de Triage et de Broyage
Sorting and shredding solutions

RECYCLING «——

ENGINEERING <
-/ya,u; //Afa,u mem =

MANUFACTURING <——

Complex wastes recycling

Machines Manufacturing
for sorting and shredding

Recycling Solutions
integration and engineering




MTB 3 Main Activities

MTB Waste Recycling
— 5 dedicated lines: aluminium, e-waste, copper, plastics and shredding residue
|NTRODUCT|ON — 40,000 t waste recycled at the MTB facility in Trept, France

MTB Machines Manufacturing

— Shredding solutions: rotary shears, shredders, granulators
— Separation equipment: air density tables, sieving tables

— Eddy Current separators and magnetic separators

— Containerised solutions: Blubox, CableBox and TyreBox

MTB Recycling Solutions Engineering
— Turnkey recycling facilities for: cables, e-waste, tyres, shredding residues, plastics, bottom ash, etc.

— Custom solutions: synthetic grass, carbon honeycomb, batteries, munitions, etc.

MTB Company in Brief

» 35 years of experience (foundation in 1981 in France)

INTRODUCTION + Revenue 65 M€ annually

* 120 employees including 45 engineers and researchers

10,000,000 t waste recycled annually

* With over 1,500 MTB machines operating worldwide




ORGANISATION OF FPD
2 RECYCLING

-
s CA

E-Waste Categories in Europe

- Categories until 2018 New categories from 2018

1 Large household appliances cold and non cold (LHA) Heat exchange equipment

ORGANISATION
OF FPD 2 Small household appliances (SHA) Monitors, and equipment containing screens
RECYCLING IN 3 IT Equipment and Telecommunications Lamps
ui unicati
FRANCE aup P
4 Consumer equipment Large equipment
5 Lighting Equipment Small equipment
6 Electrical and electronic tools Small IT and telecommunications equipment
7 Toys, leisure and sports Photovoltaic panels

8 Medical devices
9 Monitoring instruments and control
10  Automatic dispensers

11 Photovoltaic panels

The Technology for the
Recycling of Flat Panel Displays
and Lamps 8




ORGANISATION
OF FPD
RECYCLING IN
FRANCE

Major Actors of Extended Producer Responsibility in France

Eco-Organisations Manage for the Account of Producers:
— Removal, sorting, decontamination and recycling of equipment selectively collected

— They organise, but they are not players of the recycling value chain.

In France, 3 Eco-Organisation Bodies are Approved for E-Waste:
— Eco-Organisations perform call for tenders each year to recycling facilities
— Main decision factor: economic payback

— Eco-Organisations are responsible for audits and controls.

The Technology for the
Recycling of Flat Panel Displays
and Lamps 9
Data on the E-Waste Sector in France
In 2013, French Environment Agency (ADEME) account:
— 5,500 Producers of household equipment and 1,600 Producers of professional equipment.
8EEQS|SAT|0N WEEE placed on the household and professional market in 2013:
RECYCLING IN — 622 million equipment, or about 1.55 million tonnes (24 kg/Capita/year).
FRANCE — Deposit household WEEE estimated between 17 and 23 kg/Capita/year.
— Eco-contributions for household WEEE: €160 million in 2013.
Household E-Waste collection
— 455,000 tonnes in 2013, 6.9 kg/Capita/year.
— More than 4,500 points by local authorities and 22,900 collection points ‘distributors’.
— Nearly 17,000 collection points for lamps in 2013.
Treatment of household WEEE: 453,000 tonnes in 2013, 79% were recycled.
The Technology for the
Recycling of Flat Panel Displays 10

and Lamps




ORGANISATION
OF FPD
RECYCLING IN
FRANCE

The Technology for the
Recycling of Flat Panel Displays
and Lamps

E-Waste Directive: European Recovery Targets

Recycling and recovery targets given by category:
— Cat 1 and 10 (large equipment and ATMs): 80% recovered, 75% recycled
— Cat 3 and 4 (telecom equipment): 75% recovered, 65% recycled

— Cat 2, 5-9 (lamps, WFP and the general public): 70% recovered, 50% recycled.

The EU is still far from its collection targets of WEEE
— European average: 35% in 2014 (source UN) - 85% target in 2019
— Production of 9.5 million tons generated in Europe, only 3.3m tons collected.

— Many unsorted waste but also major export to Africa and Asia.

11

BLUBOX

Mechanical solution for FPD Recycling




Overview of the BLUBOX Solution

—

MECHANICAL C— _ Fluorescent lamps
SOLUTION FOR ‘ ‘ ”
FPD RECYCLING

Flat Panel Displays

1,000 kg/hours
The Technology for the
Recycling of Flat Panel Displays
and Lamps 13

The All-in-One Solution in a 40 ft Container

LAMPS RECYCLING
MECHANICAL

SOLUTION FOR
FPD RECYCLING Ty FPD RECYCLING

The Technology for the
Recycling of Flat Panel Displays
and Lamps




Flow chart FPD Recycling in BLUBOX

Feed
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BLUBOX: Sealed System
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|  Recycling Process |

| Air Treatment I
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The Output Fractions from FPD

MECHANICAL

SOLUTION FOR Hg > 0.5 mg/kg

FPD RECYCLING Hg < 0.5 mg/kg

L * *
Output 3 Output 4-6
Mixed fraction Mixed fraction

3-8mm
[6.3%)

v v v v v
Alurniniurn /
Liquid erystal PCBs / Copper
(4.7 %) (45 %) "‘“rl’;".‘;“;;“'

The Technology for the

Recycling of Flat Panel Displays
and Lamps 16




Main Advantages of the BLUBOX solution

- Safe, secure and sustainable solution for the recycling of lamps and FPD

* Mercury compounds are treated and retained inside the BLUBOX

MECHANICAL

SOLUTION FOR
FPD RECYCLING * The BLUBOX meets the standards: R2, e-Steward WEEELABEX and CENELEC

* BLUBOX is already operating in 5 countries

.t

The Technology for the
Recycling of Flat Panel Displays
and Lamps 17

SORTING THE MIXED
FRACTIONS

Optical and magnetics solutions




Valuable, High Quality Fraction Through Sorting

Output Hg Hg max.
Output Description Value | Downstream
SORTING THE P P ()| (malka) | (rmgikg)
MIXED
FRACTIONS Output 1 Steel 37 0.1 <1 Steelworks
Precious metals recovery
Output 2 Fine Fraction <3mm 5 2.5 <10 (e.g. Umicore, Aurubis,
others)
Output 3 Mixed Fraction 3-8mm 6 0.1 <1 Sorting in various
Fractions.
. . Sales to the dedicate
Output 4/5/6 Mixed Fraction >8mm 49 0.1 <1 plants
Dust C Fine dust 5.6 <10 Incineration, Landfill
3
Dust F Fine dust 1.7 <10 Incineration, Landfill
— Audit was performed by EMPA on 15 October 2013
The Technology for the — Analyses were made by EMPA Analytical Chemistry Laboratory
Recycling of Flat Panel Displays
and Lamps 19
Valuable, High Quality Fraction through Sorting
Mixed Fraction 3-8 mm & Mixed Fraction >8 mm Sorting Machine

SORTING THE
MIXED
FRACTIONS

ixd Plastics LC-Glass

Aluminum PCB’s

The Technology for the
Recycling of Flat Panel Displays
and Lamps 20




OTHER
INFORMATION

The Technology for the
Recycling of Flat Panel Displays
and Lamps

Mercury Limit Values

TLV Threshold
limit value

Lamp Fractions

Switzerland

0.05mg/m3

France

0.005mg/m3

Austria

0.02mg/m3

5mg/kg

0.1mg/m3

0.2mg/l

22




OTHER
INFORMATION

Economic Model of BLUBOX

Profitability Analysis

3,000,000
e Fixed Costs e Manpower Costs 7
2,500,000 1~  ———Variable Costs Reveue Lamps //
Revenue LCDs - —EBIT /,’
2,000,000 ”

1,500,000 7
/ . '
[=]
1,000,000 = i
e

el
//,
T —
500,000 / = ’
— 7
10% 20% 30% 40% 0% 60% 70% 80% 90% 100% 110% 120% 130% 140% 150% 160% 170% 180% 190%200%
-500,000 < 1.Shift \ 2 Shifts
I
' d
-1,000,000 < —
Plant utilization
The Technology for the
Recycling of Flat Panel Displays
and Lamps 23
Commercial contacts
BLUBOX solutions are sold by:
OTHER BLUBOX Trading SA
- radin
INFORMATION ¢
— Schwaderhof 7, 5708 Birrwil, Switzerland
— Andreas Krebs (CEO): Andreas.Krebs@blubox.ch and +41 627 851 003
BLUBOX solutions are manufactured by:
— MTB Recycling
— Quartier de la Gare, 38460 Trept, France
— Jean-Philippe Fusier (President): jp.fusier@mtb.fr and +33 474 928 768
The Technology for the
Recycling of Flat Panel Displays o

and Lamps
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The Complete Solution to the
Mercury Waste Problem

MRT System International AB

TN T S0 Gl oo
MRT System International AB

A Swedish company established
in 1979.

MRT is recognised as the world
leader in supplying complete
lamp/mercury recycling systems.
The unique technology is
designed for processing a broad
range of mercury bearing
products.




The Swedish Invention

EPA requested recycling of heavy metals
instead of disposal. All Swedish lamp producers
had to follow the directive.

Development of the first distiller in 1975.

The first patent was issued in 1978.

MRT Mission

MRT's mission is to provide both lamp manufacturers and recycling
companies world wide with solutions, machines and services that creates a
profitable way of transforming mercury containing waste to non-
hazardous and sellable products.

( e
——




Sales statistics in geographic areas

Australia, 5%
North Am.,_\

5% Europe, 20%

b

“MRT

5YETEM

MRT Business Model

“MRT

5YETEM




Europe, WEEE Directive

Waste of Electrical and Electronic Equipment

* The purpose of the directive is to prevent waste or to reduce waste by
re-use or recycling.

* By August |3, 2005 all member states had to ensure that collection
systems were set up. Producers of electrical and electronic equipment
provides for the financing of collection, treatment and environmentally
sound disposal. The polluter pays!

* By December 31, 2006 the member states must ensure a separate
collection rate of 4kg per inhabitant and year.

|

Glass

In¢

Mercury
Fluorescent powder <




MRT Business Areas

Lamp recycling
* Crush & Separation Plant
* End Cut Technology

Mercury recovery
¢ Batch Distiller
e Continuous Flow Distiller

Electronical waste recycling
* LCD separation
* CRT-separation




Lamp Processor 600 (LP600)

Batch Process Distiller (BPD)




Flat Panel Display Processor (FPP)

MRT System International A B

MRT System International AB

Lumavagen |
37147 Karlskrona
Sweden

www.mrtsystem.com

info@mrtsystem.com




COT-60

MRT System International AB

‘mRT

5YETEM

b W e S 9w
Cut-Off Treatment (COT-60)

LCD frame Main fraction, 97,5%

Crusher —> Sieve —

! l Fines fraction (cCFLs), 2,5%

‘mMRT

5YETEM




Cut-Off Treatment (COT-60)

Fractions COT-60

Weight frame  Part of frame Weight LCD Part of LCD
(g) (%) () (%)

Main fraction 2 388 97,55 2 388 14,63
Fines fraction 60 2,45 60 0,37
LCD panel (rest) 13872 85,00
Total 2448 16 320

( e
" S 0909090 aam 5 e




Fractions COT-60

Main fraction 97%
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