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1. The story 1978-2006

* Parliament created the State
collection system in Norway 1978

* Introduced return scheme-as the first
country in the world,

* Netherlands, Sweden and Denmark
introduced various schemes in the
1990 's
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2. Producer responsibility scheme 2007
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3. Government authorization

Autoreturs’ member list and the determination of producer responsibility compared to
Members ' import share of new cars

The return rate (95%) -> Nationwide network of BOPer with good access

Return rate 2007-2016

Average
2016 2015 2014 2007-2016

92,6% 95,5%

100,7% 95,9%

Facilitating reuse of automobile

incentive scheme after the Government

Annual accounting/financeffinancial strength scroll to be able to take charge of the wreckage



«» Collected ELVs
o. o Wreckage incentive (NOK)

5. Autoretur’s organization

3 main operators

Norsk Gjenvinning AS Bilgjenvinning AS

141 ATFs

BT T

11 shredders

Shredders T




6. Autoretur’s return system 2016

141 ATFs and 11 Shredders

Shredders
1. Stena Recycling, Skien _ )

& Biloppsamlingsplass
. Hellik Teigen, Hokksund ® Fragmenteringsverk
. Norsk Gjenvinning Metall, Fredrikstad
. Metallco Stene, Fredrikstad
. Norsk Metallfragmentering, Gjavik
. Norscrap West, Hangytangen
. Hermod Teigen, Egersund
. Vartdal Gjenvinning, Vartdal
. Norsk Gjenvinning Metall, Orkanger
10. Kuusakski, Skjellefted, Sverige
11. H.J. Hansen, Odense, Danmark
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7. Recycling Account 2016

Government demand (consistent with the EU's ELV directive)
* Recycling rate (total) > 95%

* Reuse + Recycling {material) > 85%,

* Deposit < 5%

* Recovery (energy) -> residue

Achieved recycling rate distributed on disposing formers

2016
Dispose
(%)
Recycling (material} 794
Recovery (energy) 12,5




8. Compliance control and follow up to ATF

* ATF operation vs. emission permit/supervisioh from authority

* Reported amounts vs. results depollution/disassembly is calculated
according. the average weights (kg/PCs)

» Limitations in the choice disposal forms in AutoStat
(reuse/recycling/recovery/deposit)

Biloppsamiingsplass & {(Gml) Agder Milis Bilmottak AS 4849 ARENDAL v

Leveringsdato * bz102017

Merk! For fraksjoner merket med > f
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Frostvasske 15 01 14 | [1kke valgt V]
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8. Compliance control and follow up to ATF

County authority’s report-hazardous waste/pollutants

Rapporterings- og statistikicysiem
tostat . % G
dUTosSta : Q autoretur
Arsrapportering for Borg Bildemontering ng Karosseri Johansen Ar 2016
Avfallstype Ennlevert Innsamler Lager pr. 31.12
Bensin *13 07 02 1Kg 3929 Ikke valgt 84 liter
Diesel *13 07 01 |Kg 577 Ikke valgt 38 liter
Frostvaeske *16 01 14 (Kg 1216 Ikke valgt 132 liter
Kjslemedium *16 01 14 |Kg y;
Spylervaaske *16 01 14 | Kg 875 Tkke vailgt 50 liter
Spiltolje 1 *13 02 05 |Kg 2944 450 liter
Spillolje 2 *i3 02 05 Kg |0
Beregnlng umullg,
Oljeavfall fra oljeutskiller *13 05 06 |Kg 362 _ temmes av eksternt
firma
Oljeflitere *16 01 07 | Antall 929 ! 220




9. Economy-model
for ATF

* «0»- cost vision — not
sustainable for Norway

« Financial support for the
transport of hulks from ATF
to the nearest shredder

+  Minimum price guarantee for
sales of steel scrap by low
market price

* Revenue sharing for sales of
steel scrap by high market
price

10. Compliance control

and follow up to shredder

» Shredder operation vs. emission permit/supervision from authority
» Registration of received number of hulks and quantities (kg)

« Control/approving the number of hulks and quantities (kg) delivered from
ATF to shredder

+ Reported parameters for disposing of fractions after sorting at shredder

» Reported parameters for disposing of fractions after incineration of residue




10. Compliance control and follow up to shredder

Determination of parameters for different disposal forms post shredder technology (PST)

10. Compliance control and follow up to shredder

Determination of parameters for different disposal forms after incineration




11. Electric vehicles and high energy batteries

- The number of electric vehicles, hybrids and rechargeable
hybrids in Norway surpassed 100 000 in 2016

- Forecast for 2017 predict that new car sales in Norway will end
up with a total of 152.400, of which approximately half {50%)
will be electric vehicles, hybrids and rechargeable hybrids

- High energy battery in ELVs disassembled by expert personnel
on ATF according to special coursefauthorization

- On handling organized by the return company for batteries
(Batteriretur AS)

- Batteriretur handles high energy batteries properly and
according to agreement with carimporters

- Authorized personnel operate according to instructions from
car producers and “Regulations on the safety of work in and
operation of electrical equipment” and “Regulations on land
transport of dangerous goods”

11. Electric vehicles and high energy batteries







Quo Vadis Flat Screens

Andreas Krebs, CEQ, BLUBOX™ Trading AG
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1. Overview Flat Screen Market

Sales and Collection of FPD's in Switzerland + Each year 2 people out
of 10 buy a new Flat -

Soles FPD TV we we Collection FPD TV s Sales FPD Monitor = = Colleclion FPD Monitor

Units Screen
1'000'000
900'000
T
S B /\_//.\_’\\/A\ « 50% are collected for
700000 = T recycled
600000 / - >
”
500000 T —— . .
oo d e . 75% are still with CCFL
300'000 // ,-‘_ === — bCICkIIgh'}S
200'000 / ’.‘ —— ,’
10000 = Pl .
. T « Strongest market in
2004 2005 2006 2007 2008 2009 2000 2011 2012 2013 2014 2015 2016 numbers Of Uni‘i's
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1. Overview Flat Screen Technologies
1. Plasma 2. LCD /LED 3. OLED / QLED
| Light emitting
Waver Technology Organic - Inorganic
QLED
blu
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1. Overview Flat Screen Technologies

1. Plasma

is the cheapest flat screen

2. LCD / LED 3.OLED /QLED

technology

2. Reuse “Pros and Cons”

@ Pros

Increase of lifetime.
Reduce waste.
Sell parts for money.

E-waste companies becoming

green.

Creates jobs.

e Cons

« E-Waste contains hazardous

materiails.
« No safety laws.

« Transfer the e-waste problem to

other countries.

-----------



2. Beside the Benefits of Reuse

« Materials are shipped fo counftries with weak environmental
standards. |

« Not only refurbished products are shipped, but also waste.

« No one is responsible for the environmentally friendly
disposal of the waste.

blu
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3. Recycling Challenges

« Low recycling value of the materials contained in flat
screens.

+ The handling and environmental friendly disposal of the .
hazardous materials.

» Limited need for recycled plasfics.
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4. A Typicdl Mass Balance of Flat Screens

Shredding

 Deseription

Mass %]

Ferrous metals 37.0
Aluminum, CrNi 8.0
Printed circuit boards {PCB) / Copper 7.0
Liguid crystal glass 5.0
PMMA 13.0
Mixed plastics 28.0
Backlights 1.0
Total 100.0

5. The BLUBOX Technology

Shredder process to
liberate the materials
and make them
available for the next
process step.

Separation process to
separate the hazardous
from the non-
hazardous material.

Sorting process to
separate the materials
in valuable fractions.

............
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5. The Output Fractions from Flat Screens

Heg «< D.5l mo /e

5. How Does it Work?

Shredder inlet

i Control panel

Electrical
board

Mixer inlet

L'om‘p feed
‘ platform

L

Flat Screen
feed platform

Qutputs
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5. How Does it Work?

LAMP RECYCLING
. FPD RECYCLING

- The whole process is sealed in a 40 ft, container.
- Save process.
- No emissions.

5. The BLUBOX

“THE ALL-IN-ONE SOLUTION
IN A 40 FEET CONTAINER"

“Plug and recycle"

brrearron

-----------



5. Lamp Recycling

» Allkind of lamps can be
treated, from fluorescent
tubes to compact lamps.

» The only lamp recycling
machine able to recycle LED
lamps to.

» The lamp recycling can be
done at the same fime as
the flat screen recycling.

IR0 b RIETELE

5. Data Destruction

+ The BLUBOX is equipped with a
camera system to conirol the
shredder room.

» The particle size of the output
material can be chosen.

« The valorization of the shredded
material can be increase
through sorting.
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6. Conclusions

« The numbers of units of flat screens sold on the market and
collected for recycling increases strongly every year.

« The BLUBOX Technology is made for a environmen’rol' friendly
recycling of flat screens.

« And the BLUBOX is even more useful by using it for lamp
recycling and data destruction.
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Thank you

Andreas Krebs

BLUBOX Trading AG
andreas.krebs@blubox.ch
Phone: +41 62 785 10 03
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Progress of Management in Implementation of EPR and
Collection & Recovery of Traction Batteries in Chinese
Automotive Industry

China Automotive Technology & Research Center
November, 2017

BEFTRF

.. Automotive Data Center
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1 Background of EPR Implementation of Auto Industry

1.1 Present Situation and Problems

mWith the sustainable growth of car ownership, the number of the scrapped cars is
increasing too.

20

18
16

2012 2013 2014

2015 2016

m Auto Ownership ( Million )

0.6

0.3

0.7

0.5
0.4

0.1
0

2011 2012 2013 2014 2015

~Logout { Million ) ~+Collection { Million }

B The number of scrapped cars in China is increasing year by year, however the number of recycling ones is low.

1 Background of EPR Implementation of Auto Industry

1.2 EPR Implementation

BEPR has been explored and implemented in the field of electronic products, and has achieved
good results.
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Product range :

« EPR system will implement first on the fields of electrical and
electronic products, automobile products, lead-acid battery and
wrappage, etc. Based on the experience of pilot work, the
application of EPR system will be expanded appropriately.

B e
Scope of EPR responsibility:

» Carry out the eco-design, utilize renewable material, regulate
the recycling and enhance the information publicity.

@O WG

To perfect the relevant regulations :
* Revise the "Circulation Economy Promotion Law"
* Revise the “Recycling Management of ELVs"

* Revise the “Regulation on the Administration of the Recovery and
Disposal of Waste Electrical and Electronic Products”



2 Progress and Plan of EPR Implementation of Auto Industry

2.1 Pilot Project Progress

*Reduce environmental pollution, enhance
the efficiency of resource utilization, explore
an EPR model suitable to China's national
conditions,

2 Progress and Plan of EPR Implementation of Auto Industry

fg Setting-up a model enterprise and explore
the extension way

* Mark some industry benchmark enterprises to form up
the EPR model suitable to Chinese characteristics

« Setup an ELVs-recycling systém in the pilot area that
dominated by the manufacturers.

» Improve the level of utilization of renewable resources
of ELVs and make the recyclability more than 75%.

€@ Comprehensive management/Technical support/
Performance assessment

«Based on the pilot experience, exploring the EPR
comprehensive management system, technical support
system and performance assessment system of auto

products.

2.2 Revision of the EPR management system of auto products based on the pilot project

Set up the EPR management system

Industrial
organization

« Extended Producer Responsibility
Strategic Alliance of Chinese Auto
Industry P

« Producer Responsibility ~$-
Crganization (PRO)

Policy and

standard

Industry pilot

+ Build collection system
« Carry out the resource utilization

+ Implement green supply chain management
Jance information disclosure

Assessment
system
and methods

Information
disclosure

automobile products

« Supports for recycling innovation model of ELVs

*» Motivational instruments for ELVs recycling economy
« Standard systems for ELVs recycling

+ EPR pilot evaluation indicators

ormance report of China



2 Progress and Plan of EPR Implementation of Auto Industry

2.3 To set up a EPR strategic alliance

) Decision *®make the decisions of the important matters of the alliance,
o) maker +formulate and revise the relevant regulations and rules.
i
7]
L v
§ Executor @' Technical committee Counselor
3 .
= ¥ coordinate and drive the work. 4 Provide advice for alliance.
#undertake the work delegated by the council. 4 Check the research task.
design produce consume recycle waste disposal
» Eco-design + Construction of green |+ Construction of old + Innovative recovery + ELVs dismantling
g + Renewable material manufacturing system part recycling system modei research informatization
= test technology — Green product /factory + Component reuse + Madel of combined + processing waste
_+ Specification for _ fsupply chain /Area recovery model recycling
using recycled raw . - PRO « wastle recycling
materials '

2 Progress and Plan of EPR Implementation of Auto Industry

2.4 To set up Producer Responsibility Organization (PRO)

MPRO is supported by the government to assist the producers to perform product recovery
responsibilities,

- Few Manufacturers try recycling of ELVs;

+ There are thousands of Auto Manufacturers and over 600 ELV recycling and disrﬁéntling enterprises in
China. It is complicative for both to establish full cooperation.

Contractual : Contractual

T LRI LT SR TSI

relationship ' _ relationship Recycling enterprises 1
| I Recycling enterprises 2

Delegate the recycling Hand over the Recycling enterprises N
specific tasks

responsibility
Hinge Recycling performer

OEM 2

EPR subjects of
responsibilities

To use PRO to huild a national-sharing recycling network is necessary



2 Progress and Plan of EPR Implementation of Auto Industry

2.4 To set up Producer Responsibility Organization (PRO)
EMain tasks, duties and obligations

- I"
_ m « Make the requirements and standards
« Undertake the major duty of recycling « Supply the training

+ Implement the measures to promote * Build the platform for information exchange
the recycling * Supervision * Report + Construct recycling price guidance system
* Notify the recycling information * Inspection 7%+ Implement - Check regularly the actual operation of enterprises

Recyeling
enterprises

= Build a sharing recycling service network « Apply for joining in PRO recycling network
= Supervise the recycling and dismantling « Dismantle and recycle ELVs
* Report the related data to manufacturers + Report the related information of ELVs

« Give advices for promoting the automobile recycling

3 Background of Traction Battery Recycling Management

3.1 Present Situation

H In recent years, China’s new energy vehicle industry has exploded. The output in 2016 reached
517,000.

2016 New energy vehicle sales distribution

45 -
40 - & Electric Passenger Vehicles
35 * Electric Commercial Vehicles
30 - ® Plug-in Electric Passenger Vehicles
25 & Plug-in Electric Commercial Vehicles
20 A
15 2016 New energy vehicle sales distribution
10 - 13% 12% & Bejjing-Tianjin-Hebei
# Yangtze River Delta
5 - u Pearl River Delta
4] i Central Region

2009 2010 2011 2012 2013 2014 2015 2016 u Others

™ BEV & PHEV



3 Background of Traction Battery Recycling Management

3.2 Problems
mThe recyclability of the traction batteries is related to the sustainable development of the industry

OLack of management measures to regulate.
4 A |ot of waste traction batteries will :
pollute the environment heavily.

——Who is going to recycle?
. ——How to do?
 Retired batteries still contain 80% ——How to deliver?
capacity.

. ——Management?
& There are a lot of precious metal Standards?
elements in the battery.
——Measures?

4 A lot of waste batteries would lead
to fire or explosion.

4 Principles of Traction Battery Recycling Management

4.1 Traction battery recycling route diagram
mBased on full- lifecycle

develop and

Sale and use Scrap and collect Utilization in Recycle
manufacture

echelons

I
Deliver

H 3 i
Setup Deliver Deli\;fer Cooperation

----- - Collecting servica outlets
- & é

Deliver

renewable
resources

I
t i
: | Deliver Deliver
. W ' i i
Cooperation Deliver i :

Deliver N LY.

Deliver

Fasraueee s Retailer repair B  Rental

Deliver Collection Wa:s.te

|
| users |

===+ Cooperation

Info Record Repair/fReplace  Replace/Collection  Deliver

Vehicles users

— New traction batteries — Utilized-In-echelons batteries
-------- * Retired traction batteries ---» Scrapped Utilized-in-echelons batteries



4 Principles of Traction Battery Recycling Management

4.2 Principles of Tentative Administrative Rules on Traction Battery Recycling of New Energy Vehicle

WThe Administrative Rules clears the scope of management, duties and requirements of related
parties, méasures of supervision etc., which is to form the Chinese mode of traction battery

recycling. R S
] @ Basic __ ....... . rtig Measures . Penalty
> Fulfill the EPR system >Construct thecodirg sfandards »>lead industry-university- > Coordinately managed
> OEMSs are subjects of traceability system and research cooperation by depariments of
collecting responsibilities, information sharing mechanism » Encourage technology government
and the battery > Make sure the products are application and mode innovation] » The penalty is related
manufacturers ensure traceable > bettering the standard system trﬁ ;:z aedr;n;t;?nce
batter}es get recycled ¥ build the incentive mechanism g )
and disposaled. ¥ standardize the management of >The departments
i - i - should punish within
>The idea of full- lifecycle utilized-in-echelons products their scgpe of duties
» Full Market forces

+ standard system . — GB/T 33598 Recycling of Traction Battery Used in Eleclric Vehicle-Dismantling Specification
— GB/T 34014 Coding Regulation for Automotive Traction Batfery
— GB/T 34015 Recycling of Traction Battery Used in Electric Vehicle-Test of Residual Capacity

5 Traction Battery Traceability Management

5.1 Construction of Traceability Information System

Purpose Orientation User Group
Collecting information, A tool for data collection, New energy vehicle manufacturers,
assessing the battery, and analysis and inspection. battery manufacturers, recycling
supporting retired battery enterprises, utilizing in-echelons
online trade. enterprises, reusing enterprises, efc.
w*{j}m MEEA & |
r P B
' & BEL ST v s tracing
% REREEE ¥
B s v
9 A ¥
& peRESE v
- Ra¥, N BRERER 19
rris Biali . .. -
CEESERRETLIE A TRE. ke | ner N sssineg ¥t
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t:wmﬂm—uuﬁnﬂ 10106 x__],‘ R {3k 29 & B4 HAER ¥
7 ,-,( ‘] rl " i ﬁ::‘;:‘nn.ur - pram o
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5 Traction Battery Traceability Management

5.1 Construction of Traceability Information System

4 Performance evaluation

Evaluate the performance of
decommissioned batteries based on the
full- lifecycle and support utilization in
echelons .

4 Products tracing

Collect information related to each part
of battery’s whole life circle based on
the requirements of traceability.

Recycle

» health level
» residual life
residual value
the optimal scenario of
utilization in echelons

Repair and
replace

T

e in
ons
b,

‘[ Scrap and collect ]

4 E-commerce service

Establish power battery’s whole life circle
business model based on big data,
Internet of Things, etc.

Publish the sales demand based on
the battery residual value report

the third party

Build the evaluation model, supply
the third party guiding price and
pramote the conclusion of business.

—

Publish the purchase demand, check
the battery residual value report,
bargain and make a deal.

5 Traction Battery Traceability Management

5.2 Construction of Traceability Information System—products tracing

Code the battery according

to the uniform siandard * Record the match relationship

: between vehicle and hattery
: s

* Record vehicle sales information, battery repair and replacement
information, vehicle scrap information

4 4
Y Vi ' Ik
w3 ; U i}
& & . @ L
Battery production Vehicle production Vehicle setling Repair and replacement Vehicle scrap
Recycling Utilization in echelons Battery collection
< e ° @
) =l

» Utilization in echelons battery should recode and identify

* Record and statistics of recycling treatment process

]
* battery recycling information record



5 Traction battery traceability management

5.3 Construction of Traceability Information System-—performance evaluation

Original Circulation R Historical
information information information
Performance evaluation of traction battery

Recg\-f—é—r"y channel analysis ;5> Strategic"ilr-{\—fgstment decisions
@ o _-J
e S/ i :

-Market size forecasting > Technology improvement consultation
Consistency | Healthy level Life time | Security

T
]
i
i

o

W Capacity H Healthy level(SOH) & Cycled times R Overcharge/discharge
mVoltage B Failure times and H Capacity attenuation MToo hot/cold
B Resistance reasons W Residual life m Short circuit
m Maintaining times and m [nsulation
reasons M Heat abstractor

6 Research on Management of Battery Utilization in Echelons

Management of battery utilization in echelons

Q Facility request Q Production process Q Performance test Q Aﬁegﬁg'&?’f&%{vm
_Q Testing ability ‘Q Production conformity _Q Test strzr‘;cc!}?trsds and ‘O Traceability system
; Product coding and .
[l Production standards  JEE) Operating staff je] \dentihcation J&R  Recovery processing

1.Product evaluation index system i

[ Security ] 23 [ Economy | Y [ Advanced technology ] B [ Reliability] B [ Environmental protection ]

sasudisiuy

2.Product technical standard system I

rApplication scenarios ] @ [ Technical requirements ] ® [a'iginal product standards]

......................................................................................................................................

){ Products standard ] | Applicabllity analysis ] [ Standard verification }

[ Standard analysis }

[Standard confirmation ]

3.identification management requirements i

[ Enterprise report ] @ [Document check I @r Report check ] @ l Product verification ]
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Close the Loop

Introduction to Close the Loop®

@ Founded in 2001
@ "Zero Waste to Landfill* business

@ Located in:
@ Melbourne, Australia (HQ)
@ Hebron Kentucky, USA
@ Antwerp Belgium, EU

& Focused on:
@ Collection & reverse logistics
© Materials recovery
@ Developing re-use solutions for recovered materials
@ Innovation and collaboration

Close the Loop




Qur Partners

- Lexmark Ca
= anon @ - 3 KYOCERG
TOSHIBA EPSON |

FUJIXEroX &) « %Qf
N Roland ®) i .

brother. OKI Y sSHARP

@ Close the Loop

A

Circular Economy in Action




Your Printer Cartridges

T

Close the Loop

Product Loops Examples

»  Qur manufacturing partners have a history of championing re-use of valuable resources

* As an example, Lexmark have a significant remanufacture operation where we repatriate certain used
cartridges back to their plant in Juarez, Mexico

*  More than 1.3 million cartridges have been shipped to Juarez

Close the Loop




Product Loops Re-Use

@ Close the Loop

Materials loops

+ CtL HIPS and ABS streams have qualified into specific polymer manufacturers for

purchase by a number of our OEM partners for use in manufacturing new cartridges - a
cartridge to cartridge model

» Qur plastic collection bags and cable ties are made from recycled materials and are
recycled again when they come back to us

»  Envircliner pens are made from recycled plastic AND recycled ink from inkjet cartridges -
unique in the world. These can also be recycied again and again

= ABS plastics are also sent locally in Australia to make outdoor fumiture

Close the Loop




Circular Economy Thinking Drives
Innovation

Why is Circular Economy thinking important?

Close the Loop




Cichlar Economy Requires Partnerships

@ Cannot happen in isolation

® Partnerships are the lifeblood of a circular
economy outcome |

@ Look for partners with alignment in values
and thinking

© Often can come from a completely un-
~ allied industry

@ Think laterally

@aose the Loop

Collaboratio
n




Turning Waste into a Creative Tool

100% Recycled Artist Ink

E ] |
i
TonerPave® Downer

» CtL & Downer aligned in thinking and values 99% recycled

» Re-purposing and re-use of valuable waste asphalt demonstration
streams

« Exclusive partnership

» Strong & growing Australian market, expanding
to NZ

+ Cil & Downer keen to leverage relationship into
Europe

advanced faciities of its
kind ins the weonld,

nrsvation
= Werked clovely with Ammann. a worid-ieading $upplier ol
acag PANS 1o Sesion dsohalt it 10 aliaw high level
of dwerse areyclig Matarsls 10 be inoorporeted
B Conp:tedt Bulensnly wilh recyciing comparsies such os
Clos 1he Lo i Tailor peunt offenon to suil ¢ roed
AT UGN A{HECHIRIT
B 30 AT 1 IR T

o Close the Loop

- A




. TonerPave® Process Flow

Close the Locp

TonerPave® Makes a Better Road

» Improves performance of asphalt roads
— Increases stiffness at high temp
— No compromise to elasticity at low temp
— Reduced surface cracking slows ingress of water
— Less maintenance
— Longer lifespan and better TCO
» Produces a 23% lower carbon asphalt
«  No additional cost to traditional asphalt Over 1,000km of TonerPave®
" roads laid in Australia 1o date {June
+  WHATAGREAT STORY1!! 2017)

fa, MTp.
SR

T e

&
Wy

- 1P MTRGIRI0 « BON.CIT0 .
w oy —-c1m _2

@) Close the Loop




Close the Loop

Thank You







- ,DDLAVG‘ . Handiing,Pockaging & Storage Solutions

SDOLAV" DoLAV Technology

Structural foam injection technology




SDOLAV' bpolav Technology

Chemical System

Resin + chemical blowing agent mixture

Structural foam injection technology
e ®
n : 3 D B LAV Hardling, Packaging & Storage Solutions

@DDLAV® DOLAV Subsidiaries Worldwide

 DOLAV Russia

. DOLAV China -

_ DOLAVH.Q lsrael N ‘W

' [ boLAv singapore |

[ Decade Products USA ]

n uDULAVQ Handlfng,Packagmg&SrorageSo!urlgns



‘%’z

\;_

Old used
Batteries

% 'y

Replacement
new Batteries

Batteries Smelter Transport Storage

n ’ n D LAV‘ Handling, Packaging & Storage Solutions

SDOLAV Handling car Batteries Need :

s Tasted & Proven

*»*Strength — to last
¢ Lifting & Tipping

*»Stacking

s Acid proof

s Leak proof

ﬂ ’DELAVQ Handling, Packaging & Storage Solutions



$DOLAV' The DOLAV Solution:

Heavy duty Box Pallet type “Battery ACE”

B S0 nl'AVq . fanding,Packaging & Storage Soluions |

@DDLAV® The DOLAV Solution:

800 (kg) of lead Worth = USD 2,000

- ’ D n LAV Hand!mg Packagmg &Storage Sa!utrons



n I_’ D u LAVO Handling, Packaging & Storage Solutions



$DOLAV" Lifting & Tipping

- ’DULAV. Handh‘ng,Packaging&SrorageSorgtions7

vation for gem

UDDLAV @ HLHANSEN

H.J. HANSEN
MILIGSYSTEM A/S

TELEFON 63 10 91 00

- ,Du l-AV’k Hondling, Packaging & Storage Solutions :



- !’DULAVO Handling, Packaging & Storage Solutions

SDOLAV =

- ’ D D LAVO Handling, Packaging & Storage Solutions



SDOLAV’ Car batteries Recycling

Tasted by TUV SUD

¢ Dropped !
**Crushed !
**Spiked !

**Rotated !

- s D n LAV. Handfing, Packaging & Storage Solutions

- , D u LAVQ Handling, Packaging & Storage Solutions



SDOLAV" UN50H LABEL

@mecmt

Coliection
(o 08 747 ST

The U.N. marking system indicates several characteristics of the
packaging, as well as information on the fest levels the packaging
has successfully passed. Because these fest levels are related fo
the hazard level and physical and chemical characteristics of the
substance to be filled, the markings also indicale some of the
properties of the materials that may be packed in each container.
A sample of UN marking:

UN Codeior SoRdor Country
Putheging of Innar X ng
dangerous guods  Packigieg mark Supplier (O

(@) 4H21 Y400/ 8 112/ 1L DLV 11273

t tot t

United Nation  Packaging Group tested  Lasttwo dighe ofthe  Manufacturar certifying
Packaging Symbol and max. gross mass Ko}  yesr of manufacture packege

SDOLAV “Battery ACE” is used in: Germany

Johnson ﬂ})):(,

Johnson Controls Autobatterie Controls

Berzelius Logistik Service (Ecobat Group) BLS<&

BERZELIUS

ECOBAT

TECHNOGOLOGEG I ES

RETHMANN® CCR_

REVERSE LOGISTICS GROUP

Rethmann Group  cCR Logistics Systems

AL

Karl Meyer GFR Gesellschaft fur Recycling
- ’DDLAV@ ﬁandrfng,Pa.ck.agin.g&SrorageSofuriuns



- 9D0OLAV “Battery ACE” is used in: France

Guy Dauphin Environnement (Groupe Ecore) @

STCM (Ecobat Group) ECOBAT

TEGOCHNOLDAG!!ES

Enersys Derichebourg Ener - DERICHEBOURG

PowerFulf Solutions

- !’DDLAV. Handling, Packaging & Storage Solutions ]

SDOLAV “Battery ACE” is used in: UK

SIMS METAL MANAGEMENT //\l SIMS
MANAGEMENT

G&P Batteries (Ecobat Group)
SAR 7
((\ Y IE’]I[R

Recycling Lives

-' ’DBLAVE Hundling, Packaging & Storage Solutions



@DDLAV(@ “Battery ACE” is used in: Spain

L i A T TR TNt

eide  EXIDE

TECHNCLOGIES

L "
- ’ D D LAV Handling, Packaging & Storage Solutions

SDOLAV “Battery ACE” is used in: Poland

& BATERPOL S.A.
Baterpol S.A

A A/
ORZEE
3iAkY.

ORZEL BIALY S.A

- ’ D u LAVO Handling, Packaging & Storage Selutions



BDDLAV@) “Battery ACE” What do they say ?

“The plastic pallet box that does the best job?

It's the Dolav ACE. The Battery ACE.
It is the best pallet box for batteries.”

“V)|s AR

Specialists at Recycling. Materials Recovery
and Waste Management

- $p_n_._'_'_AYf_____,_,_*_"_'f’_"_’_’"_‘_g"’f?‘.ff‘.’.?"’_‘_?"_”s‘_"__’“?e5‘?’“"”"’

SDOLAV “Battery ACE” What do they say ?

“Dolav boxes have superior design.
The fixed runners do not come off when they
are rotated with forklifts."

o ®
- 5 D u LAV Handling, Packaging & Storage Solutions



SDOLAV “Battery ACE” What do they say ?

“The Dolav ACE last three times longer than
other plastic box pallets,"

When we tip the batteries out, the Dolav
runners do not break. Others do."”

SDOLAV “The Battery ACE” What do they say

P
“The Dolav Battery ACE:
e Meets EA standards e Is strong for batteries
¢ Resists battery acid e Stacks with lids

® No leaks or spills e Tips 180° damage free”
/ \§ SIMS
\ METAL
MANAGEMENT

. ®
- , D n LAV * Handling, Packaging & Storage Solutions



SDDLA\P “Fire Retardant Dolav ACE”

For Lithium ion batteries SA’i: E R

Fire Retardant Dolav ACE |l
e Resist fire and burning ST}Q?RAGE

e Will char but not melt and run &

ey
.

» Helps contain fire in the box §A F ER

e Adds time for fire extinguishing

e

TRANSPORT

-: sDBLAV" Hanq'ling,Packaging&Srorage;g!utfons N

. m ,DBLAV'J Handling, Packqging&SrorageSnJutioﬁs



Pyrolysis — Key Technology to recover
Metals from Shredder Residues

Electronics & Cars Recyciing Congress — WRF 2017

’—/ - -
~ Fraunhofer
UMSICHT

Dr. Peter Hense {Ph.D.)

M. Eng. Jonathan Aigner

Hon. Prof. Dr.-Ing. Matthias Franke
Prof. Dr. Andreas Hornung

@ Fraunhotec UMSICHT h % Fraunhofer

UMSICHT

Metals from Shredder Residues
Motivation

b A O Tf—? A
Fe-Metals

: Y
End-of-life Vehicles

fage 1% Fraunhofer URSICHT

Elegtionics & Cars Recycling Congress — WRF 2017 V% Fraun hOfer

Hovember 154 2017, Macau UMSICHT



Metals from Shredder Residues
Key Technology: iCycle® process

|Cycle

intefligent composite recycling

Energetical Utilization

Metal-Recycing

Page 3 O Fraunhofer UMSICHT ?
Elgcireimcs & Cars Recycling Congrass ~WRF 2017 ﬁ Frau n hOfel"
Novamber 16" 2017, Macay UMSICHT

Metals from Shredder Residues
Example. Manual & Mechamcal Treatment of WEEE

20-25 %

Coarse
D;sassembly : Sortmg

* Poliution . * Magnetic » Sensor
Elimination _ . Separation : Sorting

e Cherry : » Eddy Current » Separation by
Picking” ] Separation ~ Density

sanpisay Jappaiys

References: VDI 2343; Kramer 2013

Page 4 § frauntiofer UMSICHT ’ =
Etettronles & Cars Reeyding Tongress — WRF 2017 dﬂ Frau n hOfer
Hovernbear 16 2017, Macau . ' UMSICHT



Shredder Residues from WEEE
Potential in Europe

1,712,900 km World demand for LED 11.6 Mio. 7 Mio.

Cable (3x1.5mm?) 94.900.000 €' of 33 years? TV Car-Catalysts34
81,000t 2,751 kg 79t 5.4t

R

Indium Palladium
References: 'scheideanstalt.de; 2Buchert et al, 2012; ?Hageliiken et al. 2005; ‘“Monolithos 2015
Page § €& Fraunhofer UMSICHT =
Electronxs & Cars Recycling Congress — WAE 2017 Z Fraunhofer
MNevember 16" 2617, Macau UMSICHT

Shredder Residues from WEEE
Status Quo of Treatment

ond snjes

Integrated
Copper Smelters

Treatment (MW}

“Production” of Power & Heat
Recovery of Fe, Al, Cu (>2 mm)

v Recycling of up to 17 Metals
(Ag, Au, Cu, Pd, Pt, ...)
v Recycling Rates >95 %

AN

*®

No Recovery of Metals <2 mm (87 %)

x  Limited Input Amounts due to high energy Oxidation of Metals
contents' (<10 % of EU Amounts)>343 % High Costs (100 €/)

3

References: 'Brusselaers et al. 2006; 2Eurostat 2016; *Kawoh! 2011; *Boliden 201§; *Katz 2013

Page 6 % Fraunhofer UMSICHT ?
Electronics & Cars Recydling Congress - WRF 2017 = Fraunhofer
UMSICHT

HNovember 16 2017, Macau




Shredder Residues from WEEE
Enabling Metal Recycling — Challenges

1‘@4‘1{‘ ‘ ;
g Challenges

» Accumulation of Metals
.o » Reduction of Heating Value
Shredder Residues » Transportable and safe

. RPN f‘&g
Integrated Copper
from WEEE Products A Smelters

» Added Value

Pagye 7 € Fraunhofer UMSICHT ?’
Electronics & Cars Reeycling Congress ~ WRE 2017 Z Fraunhofer
Novembar 16 2017, Macau UMSICHT

Shredder Residues from WEEE
 Enabling Metal Recycling by Pyrolysis Treatment

R }g
Integrated Copper
Smelters

Shredder Residues
from WEEE

iCycle® Process

» Accumulation of metals in a solid product
> Decomposition of plastics

» Formation of high-heating by-products

> Flexible scalability

> Profitable and innovative solution

Puge 8 9 Friaunhofer UMSICHT =
Elestronies & Cars Recyding Congréss « WRF 2007 rﬁ FraunhOfer
Hovember 16 2017, Macau UMSICHT



Shredder Residues from WEEE

» Continuous auger reactor
> Capacity: 70 kg/h
> Installation in 40 ft-container

Page & & Fraunhofer UMSICHT =
Eluctronics & Cars Recycling Congeess - WHF 2017 A Frau n hOfer
Novambear 16™ 2017, Macau UMSICHT

Shredder Residues from WEEE
The iCycle® process

: Energetical Utilization

Pyrometallurgical Recycling

Page 10 & Fraunboter UMSICHT ?
tlectronics & Cars Recycling Congress - WRF 2017 i FraunhOfer
Havember 16% 2017, Matau UMSICHT




Shredder Residues from WEEE
Economies of Scale

- 4.000

- 2.000

Amount of Cu
[wt.-%]
Output of Shredder
Residues [t per year]

0 0
s H Simplified and estimated
Technical Grade / Plant Size Representation
Pagze 11 & Fraunhofer UMSICHT
E[e&romcs & Cars Recyeling Congress — WRF 2017 % FraunhOfer
Novembar 16™ 2017, ¥Macau UMSICHT

Shredder Residues from WEEE
Application Scenario I: Recovery of Metals

T

T te ™ rich in metals
M -6 % Cu

Combustion
& Heat Recovery*

R

Feedstock 1
1,000 kg

2,381 kWh

*Required Heat
= 26.5 % of Feedstock

Solid Product
553 kg

Electsonics & Cars Reeycling Congress - WRF 2017 d FI"au nhOfer
Navemnber 165 2057, Matau UMSICHT

Page 12 O Fraunhofer UMSICHT



Shredder Residues from WEEE
Apphcatlon Scenario Il Recovery of Metals & Energy

X . low metal content

Feéd;tock 2
1,000 kg

CHP*
4,468 kwh
| 6,437 kWh

Solid Product '
128 kg *including Auxiliary Energy

{1,001 kWh Natural Gas
+ 12.5 kg Heating Oif)

HENUPI |-

Page 13 & Fraunhofer UMSICHT ?
Elecironies & Cars Reeycling Congress — WRE 2017 “ Fraunhofer
Novembar 16™ 2017, Macau UMSICHT

Shredder Residues from WEEE
Application Scenario: Product Quality

Metal Concentrate I Gas
Earnings: >1,000 €/t Hy: 37.7-425 Mikg Hy:  28.5-37.0 Mlkg
<1 wt% H,O: <0.5 wt-% Hy  35.7-47.9 Mi/m?
Br: <0,5 wt-% p:  0.85-096 glem? p: 1.1-1.3 kg/m?
"% Dioxins < ChemVerhotsv* v: 0.95 -1,47 mm2s
* Chern‘VerbotsV: German Chemicals Prohibition Ordinance Picture Source Gas: PSC Wisconsin
ool & Cors havyeling Congress WRF 2017 Z Fraunhofer

Hoveraber 165 2017, Bacau UMSICHT



Shredder Residues from WEEE
Application Scenario: Economical Evaluation

Working inputs &
Capital Additives Transports

Ty

Shredder~ & Services
Residues

Outputs Maintenance Insurance

Page 15 & Fraunhofer UMSICHY ?
Elactronics & Cars Rocyellng Congrass — WRF 2017 Z Fraunhofer
Novembar 160 2017, Macau UMSICHT

Shredder Residues from WEEE
Application Scenario I: Economical Evaluation

Investments 357 1€
Working Capital 15 t€

Cutputs 222 t&/a

Shredder Residues for free Pyrolysis System rp—
NaOH & activated carbon -19 t€/a Solid Product
Power 5.9 1€/ 70 kgth - 5,500 hia Disposal -1.9 t€/a

Nitrogen -1 t€fa
Key assumptions: B
10 years duration . Labor -44 t€fa EB :;DA 1 gg :ga
Tax Rate 29.8 % Maintenance -13 t€fa . : a
Power (purchasing) 130.8 €MWh Transports -6.0 t€/a Net Profit 59 t€/a
Heating: Pyrolysis gas Insurance -3.6 t€/a IRR 23.0%

‘} Pay-Off 3.8 years

Depreciations  -36 t€/a
gi?:t.rliii gaé;:r?lﬁyzfn?g::gwss - WRT 2017 % Fraunhofer

Hovember 164 2017, Macau UMSICHT



Shredder Residues from WEEE

Application Scenario ll: Economical Evaluation

Investments 357 t€
Working Capital 15t€

Shredder Residues 42 t€/a Pyrolysis System

NaOH & activated carbon -19 t€/a
Power -5.9 t€/a 70 kg/h - 5,500 h/a

Nitrogen -11 t€fa

Key assumptions:

10 years duration Labor -44 t€fa
Tax Rate 29.8 % Maintenance -13t€fa
Power (purchasing) 130.8 €MWh Transports -6.0 t€/a
Heat {Sell) 31.6 €MWh Insurance -3.61a

Imputed Earnings from

Shredder Residues (110 €#4) -36 t€/a

Depreciations

Solid Product 224 t€fa
Heat 24 t€fa
Disposal -1.9 t€a

Page 17 & Fraunhofer GMSIKHT
Elactromes & Cars Recyeling Congress —WHF 2017
Movembar 16'h 2017, Madau

Conclusions

EBITDA 191 t€/a
EBIT 155 t€/a
Net Profit 123 t€/a
IRR 41.4 %
Pay-Off 2.3 years
Z Fraunhofer
UMSICHT

Thermo-chemical Treatment of Shredder Residues

Profitable, innovative and patented Process

Added Value due to Metal Recycling from Shredder Residues
Recovery of Energy — Production of Power & Heat

Individual Integration in existing processes

Flexible Scalability for a decentralized treatment

Pilot Plant (70 kg/h)
at Fraunhofer UMSICHT

iICycle’

intelligent composite recycling

Page 18 € Fraunhofer URSICHT
Electronics & Cars Recyeling Tongress - VWRF 2077
Novernber 18 2017, Macau

—
“ Fraunhofer
UMSICHT



\

iICycle’

intelligent composite recycling

—_—
7 Fraunhofer ¢°
| UMSICHT "

Thank you very much
for your kind attention!

Contact:

Dr. Peter Hense {(Ph.D.)

Fraunhofer UMSICHT, Institute Branch Sulzbach-Rosenberg
: Phone: +49 9661-908 435

E-Mail:  peter.hense@umsicht.fraunhofer.de

Internet: www.umsicht-suro.fraunhofer.de

& Fraunhote: UMSICHT % Fraunhofer
UMSICHT




GRS BATTERIEMN -
CEMEINSAMES li\
RUCKNAHME
&

SYSTEM

The European approach for end of life (EolL) batteries -

Introduction of the German model

Electronics & Cars Recycling WRF 2017
November 14 - 17, 2017, Macau, China

CKS BATTERIEN -
GEMEINSAMES -\
R[]CKNAHME‘&

SYSTEM W

Agenda



GRS BATTERIEN ",
_ GEMEINSAMES ‘\
Regulatory environment RUCKNAHME
SYSTEM ol

1 EU approach

" European .
o Battery D
< Directive "

‘Dangerous

i Waste i il Goods
. Framsawork . Regilations
- -Directive - i (ADR).

— ...and respective national legislation.
. European.
. WEEE.
Directive

GRS BATTLRIEN -
_ GEMEINSAMES ‘\E
Regulatory environment RUCKNAHME g
: -~ SYSTEM o

2 Producer obligations

for portable batteries

+ Take back spent portable batteries >45% put on market volume (POM)
- at the point of sales
- at municipal container parks / waste collection facilities
- at recyclers of ELV and WEEE

¢ Bear the costs for admin/collection/recycle/end-user information

¢ Submit annual report to the government

for industrial batteries

¢ Offer a take back system that is free of charge for
- distributors

- for ELV and WEEE
& Bear the costs for recycling, only
+ Submit annual report to the government



: , GEMEINSAMES ¥F
About GRS RUOCKNAHMME &
SYSTEM b

&« Stiftung GRS Batterien was established in 1998 by producers® association ZVEI
and leading battery manufacturers as a Non-Profit-Organisation

¢ Europe’s largest collection system for portable and industrial batteries

¢ Germany-wide collection of batteries from retailers, municipalities and
commercial sites (175,000 collection points)

¢ excellent knowledge of waste management and hazardous goods legislation

¢ GRS Service GmbH has been established in 2014 to achieve cost-cutting

synergy effects and scaling effects for manufacturers within the scope of
product take-back (ElektroG/Batt Act)

GRS BATYERIEN

‘ GEMEINSAMES ‘\
About GRS : ROCKNAHME
SYSTEM

¢ operational organization of the collection of waste portable batteries,
{according to section 6 Batt act) for Stiftung GRS Batterien as part of
service level agreement

¢ supply of collection containers to retailers, municipalities and other
collection points

¢ separate collection of high-energy batteries (lithium batteries) which are
subject to ADR

¢ special containers and special transport for damaged lithium batteries

¢ nationwide pick up and ADR compliant transpott

¢ proper disposal according to specifications of Batt act



CRS SATTERIEN e
GEMEINSAMES ‘\

Lithium batteries - a growing safety risk? RUCKNAHME E
SYSTEM eV

Accident - pick up from a commercial collector:

# various kinds of primary lithium batteries; mono-
fraction without protection against short circuiting

Accident — recycling plant:

® Lack of information on safety risks and proper
handling

& “We've just thrown everything in there ..”

GRS EATTERIEN
GEMEINSAMES ‘\i
Lithjum batteries — a growing safety risk? RUCKNAHME

SYSTEM

Safety risks due to
inappropriate handling
through

» Brond
r Explion

o Whrmoelwickhing)

»  Austreten gifliger Stofe

>not defined battery mix
>exposed poles

sresidual electric charge
simpurities, other waste
>crushed/broken batteries

i
i
: - ; » High risk areas
3 -« +
% w - —f srecycling plants for WEEE
H T swaste collection and recycling
£ e plants
fm ok el >municipal collection points
3“_ s Pl »electrical retailers, wholesale
. . ; and trade
"o s:;u-w.:‘nw-u::mr::un::u weom >0ther5, €. g. phOtO rEta"ers’
Source: bifa Umweltinstitut GmbH bike retailers, DIY 7




GRS BATTERIEN o
GEMEINSAMES ‘\

Lithlum batteries — a growing safety risk? RUCKNAHME E
SYSTEM W

Lithium batferies are safe

+ they are put on the market correctly according international standards
for dangerous goods and if they are technically checked

« they are handled with care during use and collection

« all requirements for the correct removal from WEEE are complied with

GRS BATTERIEN -
GEMEINSAMES \
aucxNAHMEk

Safe and compliant collection process for used batteries SYSTEM >

1 GRS safety standard

(i)
High energy
batteries

Mono fractions of
primary and
secondary lithium
cellsand batteries,
potentially also other
large batteries

 sp37y

60 Itr drums 60 Itr drums 800 ltr collection container

30 kg carton box
8



GRS NAYTERAIEN ‘

GEMEINSAMES I\
Safe and compliant collection process for used batteries RUCK?Y‘:;EA,&

2 Coilection of high energy batteries:

Qualified collection points

* Portable battery mix
# Quantity of high energy batterles Is
<1,5%

For higher security levels -
Qualified for appropriate handling of
fithlum batteries

Equipped with speclal packaging
and transportation materlal
Furnished with special information
material and trainings

-

Qualified collection Qualified collection
polnts at B points at retailers,
munlclpalities i waste collectors

CRS SATTEAIEN

GEMEINSAMES

Safe and compliant collection process for used batteries RUCK?&?E‘E

! 4

3 The GRS Batterien Safety platform

BATTERIE-SICHERHEITSFORUM VOH GRS
BATTERIER

Lt 1 e bsevers o e D e N bk
gt e

rm tr,

" w

A 3o b o e, o e G s, v
Sk R, 4 W Smfrena T aarin e e

—u

e e S et




GRS BATTERIEN ‘ -
GEE’IEINSAMES E\
RUCKNAHME
¢

Safe and compliant collection process for used batteries SYSTEM

4 GRS support (recommendations fo'r municipai collectors)

Procadure o e deqgally edereetl dooge-off of
ysed batterios at municipal seliecslon paints

e B
d
I

; Proper and safe collection of high -
[ energy batteries within the frame of ||
regulatory take-back obligations

Qrdenrgsgemifie und dichers Erfrpung
won Hachanergis- Sathesson los Aabmen
dot gesatylichan Predultverannmartung

GRS RATTERIEN -
CEMEINSAMES \
RﬁCKNAHMEk

Safe and compliant collection process for used batteries

SYSTEM il

5 Process (collection / packaging units -> transportation)

Large batteries to be
placed here!

v

End User » Collection Point

L sarremen [
e BITTE HiER M
ABLECEN®

%‘_ ¥




Safe and compliant collection process for used batteries

Process for the collection of high energy batteries > 500 g:

t%‘_;t

GRS BATTERIEN
GEMEINSAMES
RUOCKNAHME
SYSTEM

collection point

GRS standard pick up

GRS standard pick up
SP 376

Pick up acc. to the specification for

GRS Batterien, issued by the
competent authority (BAM)

SP 377

Risk assessment for packaging & transportation system

1. Simulation softwarje

"~ identified as being .-
defective for safety reasons
- leaked or vented -

" carridge
- sustained phystcal or
-“mechanical damage

- cannot be dlagnosed prtor to_

undér normal conditions of |
carriage liable to

. raptdly dlsassemble

‘= "dangerously react,

;- dangeratis emlssion of -
. toxie, cofrosive o

flammable gases-

GRS BATTERICH

GEMEINSAMES
RUCKNAHME
SYSTEM

¢ Contracted consultancy company to develop a simulation software:
assess and design a packaging and transportation concept for damaged
lithium batteries

* Calculation input:

— Substance database {phys./

— Thermodynamical fundamentals

(heat transfer, convection)

* Assessment of thermal, chemical and
ballistic risk dimensions

Battery database {composition,
physical data, energetic data)

chem. properties)

15

< dangerous. evolutlon of heat

&

14

&



Risk assessment for packaging & transportation system

2. Batterles used for dimensioning of the packaging system

GRS BATTERIEN
GEMEINSAMES
ROCKNAHME
SYSTEM

&

T Figid of Applicalion Typical Field of Application
Talocom Gardening
lesMili EV/HEV, SES Equipmant Egulpmanl Pedslss Pedalse Pedales P adslec Padelec
LiMelal Oxida | Likatal Oxida | Li-Melal Oxida
Chemical system 1.80C12 (NMEC)Y (NCA) {NCA}Y | Li-Matal Oxids [Chemical syster Li-Melal Oxida | LFMatal Oxide | LiMels Oxide | Li-Malal Oxide | Ll-Metsl Oxida
Primary {P)/Secondary {§] P 5 5 s 8 Primi PYSecand ] ] ] ] 5
| Appearsnca Cyllndric Pouch Cylindrie Cylindric lindric. Battery mass [g) 3.000 3.220 2,500 3,880 4.353
CellBallory mass [o) ] 15.810 12,000 30.000 8,500 Appaarance Cylindric Cylindric Cylindric Cylindric Cylindric
|Vailage [V] a8 4.0 48.07 24.0 48.0 a7.0 [Voltage [V] 38.0 8.0 35.0 R0 36.0
Capacily [Ab 180 530 45.0780.0 7.0 24.8 Capaclty [Ah] 16.8 158.5 11.2 13.2 14.0
+ T———
CRS SATTLRIEN ‘
GEMEINSAMES
. . . RUCKNAHME
Risk assessment for packaging & transportation system SYSTEM J 4
3. Modelling approach
¢ Iterative calculation of heat distribution for thermal runaway
¢ Heat transfer over time through four surrounding layers up to convection at surface
Battery Filing Layer 1 Housing 1

+ 17
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Risk assessment for packaging & transportation system SYSTEM

4. GRS packaging and transportation of damaged and defective lithium batteries 1/3

GRS RATTEREEN o
GEMEINSAMES \
RUCKNAHME&

Risk assessment for packaging & transportation system SYSTEM T 4

4, GRS packaging and transportation of damaged and defective lithium batteries 2/3
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ROCKNAHME
SYSTEM Wl

GHS BATTLRIEN
GEIE.J_JIEINSAMES ‘
. ROCKNAHME
Conclusion SYSTEM

Key observations

# Lithiums systems —> increasing risks for forward and take back logistics

e Safety requirements for take back are much higher than in forward logistics
e The GRS safety standard Is currently the established benchmarik in Europe
® GRS concept for risk assessment and safe logistics = worldwide unigque

¢ GRS solutions are suitable for various applications in production and distribution

21
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Tobias Schulze Wettendorf

. GRS Service GmbH
Heidenkampsweg 44
20097 Hamburg, Germany

Phone +49(0)40 23 77 89 20
Fax  +49(0)40 23 77 87

schulze-wettendorf@qgrs-hatterien.de
info@gars-batterien.de

www.grs-batterien.com
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Remanufacturing Definition

m Remanufacturing is an efficient resource circulation method that
restores the used products to the original performance through a series
of processes.

Resource Recycling Concept

auY

| Femanutacudng

WHeaustion) 1 [Remanitacising h
[ | ]
HEMH R 1 RRN= i | ARME/RE ME 3 DE
daoa |1 eal  |™ [ rodsct ™) Prosucr: | ™ ] lisoapromuy
BMrRCUN L Processing] Manuacturtng } J YsafService: Wastos)
i

SAHM EAH
{Urbar Mining

(Reduction) DL

[Energy Recovery

[ 2t |
finetnarsinnl

<Environmental and Economic Priority>

Reuse > Remanufacturing > Material Recycling > Energy Recovery
‘b KITECH
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Remanufacturing Sectors

= Remanufacturing industry has grown in various industrial areas.

e Currently, 121 product groups are being remanufactured in the classification of SIC
(Standard [ndustrial Classiﬁcation) codes. (Robert T, Lund, The Database of Remanufacturers, Boston University, 2012)

<Electrical & Electronic;> <Office Fumniture> <HDOR Equipment*>

* Heavy-duty and off-road equipment
3 KITECH
DRYIIEATH 5
bEL L LY EL

2617 World Remanufacturing Forum

Remanufacturing in Korea — Market size

« The remanufacturing market has grown 11% in the last 5 years: KRW 750
billion (2010) — KRW 833 billion (2015)

e The size of auto parts and toner cartridge market has not changed much, seemingly
having reached their maturity stage.

Autemotive Toner Ele'l:t"cal and Chemical catalyst Total
arts cartridges electronic product o
P equipment

. Number of remanufacturlng 1,002 ? 170 1
: company :

m The remanufacturing mdustry
market is being stretched to
various areas.

* Automotive parts and cartridges —
chemical catalyst products, '
household appliances, and
construction machineries {not
shown in statistics).

"3 KITECH Lo , H°"=Y=°mbTYP= _ PlateType
GIELNIDFA

RUCENRNENE <Remanufactured products> f
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Remanufacturing Opportunity of Construction Machinery

» There are 27 kinds of machines in construction machinery that can be used for
construction work.

s The market share in the current status of used equipment and idleness/cancellation of domestic
construction machinery is in the order of forklifts (37.8%), excavators (32.3%), dump trucks (13%),
concrete mixer trucks (5.6%) and loaders {5%).

» There are Items to be remanufactured for completed vehicles / parts for excavators
and forklifts in construction machinery. —
Controt Valve *i

\...:_ “Q;.

| .~
,,

Hydraulle
cylinder

,

Hydravlls
Pump

e - Wrhemie
- Pawt Trvin Syitem

Traove] Moter

Track Shoe Engine

» Need to develop process technology for each construction machinery

+  Advanced disassembly technology without «  Alternative component paris reverse design technology of
damages to completed vehicles/parts a core
=  Eco-friendly high-efficiency cleaning technology +  Technology to extend the life of hydraulic and power
« Condition diagnosis technology of a completed related parts
vehicle and a core +  Eco-painting technology of remanufactured products
Performance restoration technology of a completed *® Production process construction and test technology B’y
6 KITECH cle and a core stage
WAPYARETE
HASMIRNAUA

G L s
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Comparison of Domestic and Overseas Remanufacturing Industry

» The global remanufacturing market size is in the order of US $ 43 billion, Europe
$ 34 billion, Japan $ 1.4 billion, and Korea $ 0.07 billion.
s Currently, Korea has a market of $ 635 million in the industries of automotive parts, cartridges,
electrical and electronic products, and chemical catalyst fields.
Market Size{$m)

l.fix &

[Aerospace - S13.0467 713,989
Motor vehlc]e parts
BEE L
~ITpmducts - - - -
- Consumerproducts .. i - . 689 F S N S
HDOR equlpment 7,771 4 661 712
[Machinery . U UUSTISL LIS 3780010 a2
Medical devices 1,463 1,092 126
Rail L LB s
Retreaded tires - - _ .
T T N T O TS CE R 3 S T S TS
LG - - 2 : - : : 3l
Furmture - R T T 74 R E
All ot.her 3,974 - - -
Towl o 430007 48620 39 nas. 695
Firms 8,000 - - 1,500 1177
 Employm(1000) 17950 [ Ve24l U a28% a4t aali 2120 - 1800 73

* Applied exchange rate : €1 $1 125, ¥100= $D 83, ’#1 000= $0 83

KITECH .
kil Source : 2015 Statistics Survey of Remanufacturing Industry (KITECH CRIM}

HYoudgNHNE
T o St B § W et
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Korea's Remanufacturing Market Outlook in 2025

n Considering the increase of the share of remanufactured products inthe A/ S
product market and the increase of the A/ S product market (3% per year)

» Korea's remanufacturing market is estimated to reach 4 trillion won in 2025 and will
grow 4.7 times more than 2015.

<Qutlook of the expansion of Korea's remanufacturing market>
(Unit: 100 million won)
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Research Background and Scope

» The remanufacturing industry is a labor-intensive industry, which has three times
more jobs than manufacturing industry.
» This industry provides win-win opportunities between large and smali businesses or between
original and remanufacturers
» Remanufactured products are a kind of environmentally friendly industry that can
save 70 ~ 80% of resources and energy consumption compared to new products.

e Remanufactured products have the same performance or function as new products, which
are offered to consumers at low prices.
n This study analyzed the economic and social ripple effects of the expansion of the
remanufacturing market associated with the remanufacturing industry by using
market size estimation data of the Korean remanufacturing industry.

¢ (Re-manufacturing area subject to analysis) Automobile parts, toner cartridges, electrical and
electronic, chemical catalyst products

» (Analysis method) Perform industry-related analysis using Korea's Industrial Input Table
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Overview of inter-industry analysis

» Through the economic activities of a country, goods and services are produced. In the process
of production, each industry establishes direct and indirect links based on the trade relations of
raw materials.

x The inter-industry analysis is an analysis method that quantifies the interrelationships among
the industries through the production activities.

» The inter-industry table used in the inter-industry analysis is a comprehensive statistical table
that records all transactions occurring in the production and disposal of goods and services in
the national economy for a certain period of time (usually one year).

+ In order to create a practical inter-industry table in Korea, an actual table was created every five
years from 1960 to 2005, and only an extension sheet was published annually after 2005.

<Basic structure of the inter-industry table>
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Analysis procedures of economic and social ripple impact

x Economic ripple effect

¢ The direct and indirect economic ripple effects caused by the ecohomic value creation of the
remanufacturing industry are analyzed using the inter-industry analysis on the proeduction
inducement effect and the added value creation effect.

Prepare an inter-industry
table of remanufacturing
industry based on the

praducts induded in the J
§

Analysis of
ecanomic impacts
including direct and
indirect effects

Calculate input of
remanufacturing
industry.

Production
inducement coefficient
and value added
induction coefficient
for each product

Economic

remanufacturing industry.

x Social ripple effect

» The social ripple effects of the expansion of the remanufacturing industry are analyzed using inter-

industry analysis.
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Analysis of economic ripple impact (1/2)

= Remanufacturing industry classification of basic sectors on the inter-industry table

« Classification of the remanufacturing industry for toner cartridges, electrical and electronic
equipments, and chemical catalyst products

Inter-industry table

Remanufacturing products Main Middl Small Basi
category iddle category mall category asic category

" . Transportation Automotive engines and "
Automnotive parts equipment .fﬂ.utonjob.lle Autometive Parts

z he byes and pai ik
. : General Other general purpose Air and liquid filtration
Electrical and Electronic Equipment  machines machines purifiers
|| Chemical catalyst products: = |: .* Chemicals Other Chemicals . 1" Other Chemicals . Ofher Chemicals . " |

= Calculation the production inducement coefficient and value-added inducement coefficient of

403 basic sectors of the remanufactured product
<Production induction coefficient>
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Analysis of economic ripple -impact (2/2)

u It is expected that the production inducement effect of KRW 13 trillion will occur
due to the development of the remanufacturing industry.

» Indirect production inducing effects derived from other industries are about 70%.
-» Remanufacturing is an industry that contributes greatly to production in other industries.

Estimation of '25 Production inducement effect (KRW billion) Ratio (%)
ltems year markel size
{KRW tillion} Direct(a) tndirect{b) Total(c} Direct effect{alc) | Indirect effect{b/c}
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»  With the development of the remanufacturing industry, the value added inducement effect will
be about 2.5 trillion won.

s The value added effect of automobile parts is the highest.
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Analysis of social ripple impact

= Estimation of employment induction coefficient by 168 sub-categories of
remanufactured products

<Employment induction coefficient>

15 i % s b
Dyes and paints 0.0034 0.0002 0.0019 0.0015 . 0.0001

. OtherC . . 000351 00003 | 00018 | 00006 : 00001 |
Other general purpose machines ~ 0.0049 0.0002 0.0027 0.0005
A 0.0004 ; 0.000

| Automo Mee_l:igines and parts " . 0.0036 | 0.0002 ;0,002

n The total employment inducement effect due to the development of the
remanufacturing industry is expected to be about 34,000 people.

o The employment inducement effect of automotive parts is the highest.

Electrical and
electronic

Chemical
catalyst products

Automotive

equipment parts

{KRW
Numberof employment 1,968 7 172" 33 27981 33,768
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Inter-industry analysis by items

» In Korea's industrial structure, it has the greatest influence on the industrial plastic products
industry for automobile parts, the crude oil industry for toner cartridges and chemical catalysts,
and the crude steel industry for electrical and electronic products.

» In the case of toner cartridges and chemical catalysts, more linkage with specific industries than

automotive parts and electrical and electronic products. <Electrical and electronic equipment>
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Conclusions

» Korea's remanufacturing market size is estimated at KRW 837 billion by 2015, but
the size of the remanufacturing market is expected to grow to KRW 4 trillion by
2025 through the expansion of remanufactured items and market share.

» Through the industry linkage analysis, the economic ripple effects of the Korean
remanufacturing industry are expected to generate 13 trillion won in production
inducement effect and 2.5 trillion won value added effect in the remanufacturing
industry and remanufacturing related industries. It is also expected that about
34,000 jobs will be generated in the remanufacturing industry.

= In the Korean industrial structure, the remanufacturing industry is associated with
various industries, and through the remanufacturing industry, the effect of
producing more than twice the production inducement amount in the
remanufacturing industry in the related industry is shown.

» There is a need for revitalization and continuous growth of the remanufacturing
industry, which is a resource circulation industry with excellent environmental and
economic effects.
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