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The status of the four new legislative
proposals on waste as part of
the EU Circular Economy Package

Electronics & Cars Recycling WRF 2017,
November 14-17, 2017, Macau, China
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PRINCIPLE OF CIRCULAR ECONOMY

“As envisioned by the originators, a circular
economy is a continuous positive
development cycle that

- preserves and enhances natural capital,

- optimizes resource yields, and
- minimizes system risks by managing finite

stocks and renewable flows. T
It works effectively at every scale.”

Source: The Ellen MacArthur Foundation {https://www.ellenmacarthurfoundation.org)
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FOCUS AREAS- EU CIRCULAR ECONOMY PACKAGE

1. Product Design and Procurement
- Reparability, upgradability, durability, recylability

2. Production processes

- Guidance on waste management and resource efficiency, industrial symbiosis

3. Consumption

- Reuse activities, availability repair information and spare parts

4. Waste Management

- Recycling targets and landfill reduction

5. Secondary materials market
- Setting quality standards
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THE FOUR LEGISLATIVE PROPOSALS ON WASTE:
> Directive 2008/98/EC on waste

> Directive 1999/31/EC on the landfill of waste
> Directive 94/62/EC on packaging and packaging waste

> Directives 2000/53/EC on end-of-life vehicles, 2006/66/EC on
batteries and accumulators and waste batteries and
accumulators, and 2012/19/EU on waste electrical and

electronic equipment
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IMPLEMENTATION STATUS

Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending
Directive 2008/98/EC on waste

European Commission 0
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Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending
Directives 2000/53/EC on end-of-life vehicles, 2006/66/EC on batteries and accumulators and
waste batteries and accumulators, and 2012/19/EU on waste electrical and electronic equipment
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POTENTIAL IMPACT ON PRODUCER - EXTENDED
PRODUCER RESPOSNIBILITIES

» Producer should provide information that re-use operators have access to
instruction manuals, spare parts, technical information, or any other
instrument, equipment or software required for the re-use of products,
without prejudice to intellectual property rights.

* The producer should cover the entire cost of waste management for the
products it puts on the Union market, as follows— costs of separate
collection, sorting, transport and treatment operations required to ensure
the proper management of waste taking into account the revenues from
re-use or sales of secondary raw material from their products.

* Potential risk for mandatory visible fees
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POTENTIAL IMPACT ON EPR SCHEMES / RECYCLING
COMPANIES

» Extended producer responsibility schemes for at least packaging, electrical
and electronic equipment, batteries and accumulators, and end-of-life
vehicles are mandatory in Member States.

«  Minimum requirements for new and existing producer responsibility to
reduce costs and boost performance, as well as ensure a level-playing field.

+ Member States should put in place safeguards against conflicts of interest
between contractors and extended producer responsibility organizations.

+ New requirements on reporting and calculation of recycling targets

* Additional reporting requirements for the EU countries: Countries should
report data on all companies which are collecting and processing WEEE
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STRATEGY ON PLASTICS IN A CIRCULAR ECONOMY

Background

= plastics production has been growing exponentially since the
1960s and is expected to double by 2036.

= There are over 1 000 types of plastic,
» 90 % of plastics are derived from virgin fossil fuels.

» |n Europe, post-consumer plastic waste is either incinerated
with energy recovery (39 %), landfilled (31 %) or recycled
(30%). |

» |t is estimated that half of the plastic waste recycled is
treated in the EU, while the other half is exported for
recycling
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STRATEGY ON PLASTICS IN A CIRCULAR ECONOMY

The Strategy will target the the following three key
areas:

* reducing the use of fossil-based feedstock
* boost the market for secondary raw materials
* increase the sustainability of plastics.

As an initial step a roadmap was established by the
European Commission on 26/01/2017.
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CONCLUSION

i It is important to follow closely the developments
of the four legislative Proposals on Waste

i Prepare for the outcome as this could have an
impact on your business.
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THANK YOU!

Ofira Varga

Senior Consultant

T+1469 222 (0745

o.varga@ lce-consulting.com

lcc Corp

580 Decker Drive , Suite # 285
lrving, TX 75038

USA

www, Lcc-consulting.com




CABLE RECYCLING~ E-WASTE MANAGEMENT

PRESENTATION

Leimen Zhang— CEQ of 3E Machinery BE
MACHINERY

Waste Cable World wide
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To be estimated, there is approx 5.89%

increase for the cable global market in
2016-2020.




3E

MACHINERY

Waste Solutions

- 3E technology of Recycling
- Started from 2003 |

Main market: China / Europe / Southeast Asia

Profession: Plastic/Rubber/Metal /E-waste/MSW / Hazdrdous
. 44 patents

CE certified /ISO certified/BV certified



3E Cable Recycling system

o Shredding/Granulating
Bt

o Separation
PRI

m Environmental protection
MR

n Auto control

BaEHlZRSe

Process description 2 BgEIAR




Process description StIRgiA
—

(B BEAL) c Ak P
CHL4R) (4R K &)

CRUSH[NG J
MILL

Output specification &

Specification

;"'Insta.lled Power z@lﬂﬁg@

_Power consumpt:on QE#E

L'Cu Recychng rate ‘fﬂlEILISLK

'Cu contain in the 1 hon~ metal ©<05-1% . oo

T




Key points <

Moveable

TR

Key points

Environme 0 Cables and wires are crushed and separated in a full-
ntal closed system. Fully enclosed conveyor belt or pipe
Friendly negative pressure conditions, and the production line
e is equipped with the dust collector dust collecting
system and exhaust gas purification treatment
facilities. No dust and air poliutions.
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Key points
- 1 |

B Through the precise control of optimization and

z?e purity parqmefe.r opﬁmiza’r.ion design, equipment system,
metal purity separation can be controlled. The

separated highest purity could be up to 99.5% or more. Such

metal produced copper powder can be directly applied as

SIS refined copper.
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Key points——The control of Process

o 15T — Adopts the Z separator S
as the first separation, the big
cupper can be acquired at
this steps . The copper from
this step is high quality and it
can increase the rate of
recovery.
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Key points——The control of Process

o 2N°  the cables are milled
with high speed to ensure
cupper and plastic well
separated.
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Key points——The control of Process

o Gravity separation

Adopt ROSTA elastic support
to reduce the impact and
enable the vibrating system
more statble.
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Thank you for your attention!

Contact person: Leimen Zhang
Email: manager@ 3e-recycling.com

Website: www.3e-recycling.com

Plant site: Guangzhou, China

Welcome to visit us







YOUR WAZTE 1S VALUAEBLE

OPTIMIZATION OF MATERIAL FLOWS
IN DENSE MEDIUM SEPARATION

RAD REM

Based in: d Menen - Belgium
Founded in: 2008

Member of: Valtech Group: Machinery for recycling, texties and
environmental industry.
. Group Galloo: Recycling of ferrous and non-ferrous metals.

Employees Valtech: 300 : _
Employees Galloo: ' 650 (+150 social economy)
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AD REM PROJECT: ASR TREATMENT IN SWEDEN

Avoiding misplaced material during flotation by:
» Optimization of material flows

* Correct medium flow rate

¢Improving feed of material

Quantified goal of the study:

» Yield before optimization: 93%
¢ Yield after optimization: 98 - 99%




FLOTATION PRINCIPLE

\n'xe‘f‘on

Floats . d
axit Separation zone exit

PARAMETERS FOR SEPARATION EFFICIENCY

* Medium density
Too low density causes aluminum to sink
Too high density leads to loss of ferro-silicon

¢ Medium flow rate
Turbulent or unstable flow is unwanted

* Flow direction

An incorrect flow direction leads to a longer residence time
* Feeding of the material

Incorrect feeding can cause aluminum decantation




STEP 1: GENERATING A COMPUTER MODEL

e Technique:

The model was made by using
Computational Fluid Dynamics
(CFD)

TOOL CHAIN

CAD Software Grid .
(Solid Works, Generation

| ANSYS Design Software
Modeler)

Numerical Solver
(OpenFOAM)

Post Processing
Tools




STEP 2: VALIDATING THE MODEL: PHYSICAL EXPERIMENTS

N
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STEP 4: IMPLEMENTING ADAPTATIONS INTO NEW DESIGN

Quantified result of optimization:

¢ Misplaced aluminum in heavy metals:
From 7.1% to 0.3%

» Annual gain of aluminum:
7700 MT

» Estimated increase in turnover within 5 years:
8.7 million Euro (when running 100 KT/y}




CONTACT US

info@adrecyclingmachines.com - +32 56 521130
Krommebeekstraat 14, 8930 Menen - Belgium
www.adrecyclingmachines.com
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China Brief introduction of waste car recycling and dismantling Market

B EE AR SEREEASRRAE

Present situation and future trend of domestic scrap car recycling, dismantling and reuse
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China's End-of-life Vehicla reprocess Economy
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Options to combine metal
mining from bottom ash
and shredder residue

When economy of scale becomes critical

Decistor

Compare IBA and ASR after magnets

Waste (Wood
+paper Waste (Fe Waste (Glass Zinc/Copper  Wires Circuit Boards Stainless
Size <mm__ Waste {Plastic] _Dirt) +Minerals)  Aluminum / Brass ICB) Steel Ferraus  [Total

.00 82.50
15.00 32.89
25.00 75.30 .
38.00 . 69.12
61.00 6171
76.00 29.99
150.00 - 36.47 -

Total

organic - magnetic slagnon mag slag Al CufZn,PM S8 Fe water total
02 mm i e I 00 783 295.6
212 mm 7 Aw. T 92 297.5
1230 mm P 00 225 2315
30-100 mm .1 4.9 67.6
1030-360 mm Q.1 1.0 : 29.5
>300 mm 0.0 1.0 ’ 783

total 29.4 1419 660.7 11.7 5.4 0.2 3.9 146.8 1000.0



Compare IBA and ASR: PSD

Paticie Sce Distribution (m) ;4% 15,2534 51, % Gophs Miedd [

Particle Size Distribution  {mm)  1:4;8;15: 25 38; 61; 76

Heap \ IBA mix after magnet 17-10-15 Heap\ASRMlxedHeapﬂlOiS
[ Defition | Partides | Composiion | Defon  Partss | Coposlin |
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More fines

Compare IBA and ASR: Joint particles

IBA: slags and oxides ASR: ICW and ICB

These “rocks” are not melecrites.

Glassy & Vesicular = Slag




Compare IBA and ASR: Loosely joint particles

IBA: sticky fines ASR: metal sticks to organics

" Recovery % in coarse

Particle size

Would mixing of IBA and ASR be a solution?

Not logical:

It does not help each other

a. Difference in moisture content: 15% vs 3% moisture
b. Difference in PSD 50% vs 25% <4 mm

c. Difference in ‘gangue’ materials: mineral vs organic



Would identical pre-treatment be a solution:
Simple “scoop-oft” large amounts

Logical probably:
* Screening off the coarse;

» the combination of liberation, ballistic separation, wind sifting scoops
off the major amount of ‘gangue’ for fines.

Gangue
concentrate

., Metal concentrate
WindSifta

These three unit operations are for < 12 mm
IBA combined in Inashco’s ADR

* Liberating moisture bindings
* Removal of <1 mm minerals
* Removal of <2 mm unburnt and flakes




With different settings this combination
works too for <35 mm ASR

» Liberating some organic/metal bindings
* Removal of <1 mm minerals
* Removal of light organics

After removal of easy NF metals with Eddy current
separators: Further treatment:

~ 25% of input with ~ 10% NF-grade:

Scoop out the non ferrous and Precious metals

Various possibilities and various sequences.
* Issue for IBA {magnetic) joint slag ~ 10%
* Issue for ASR: ICB and ICW containing Copper and Precious Metals

A controversial liberation options for ASR: “Thermal organics removal”:
feed it to an incinerator. The output becomes part of the IBA



Further treatment:
“scooping out” non ferrous and Precious metals

Further eddy current separation, combined with detailed ballistics;
Dry gravity separation, after crushing: relative material density;
Wet gravity separation, after screening: relative materiai density;
Heavy medium separation, after screening. (NOT Flexible enough);
Magnetic density Separation of fines;

Selective leaching of Copper and Zinc.
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1. Further detailed EC-separation and ballistics




2. Dry gravity separation

3. wet gravity separation: jig




4. Heavy media separation

Sketch of an industrial MDS system

separalion separator post -
chamber blades processing




6. Selective leaching & electro winning

Comparison: typical numbers

Technology Feed rate (t/h)

-2 Dry gravity 2-12 1-10

-4 heavy media

SMDS

6 selective léac'hing o






DESIGNING IN THE
CIRCULAR ECONOMY

Ve

Vivian Tai, Head of APJC_Regi’bn
Global Environmental Affairs & Producer Responsibilities

In 2014, the world generated 41.8 million tonnes of e-waste.
That number could reach 50 million tonnes this year.
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Un-recovered technology equipment represents
USD $197 miillion in lost value each year
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Running the world’s IargeSt electronics recycling program

With operations in 83 countries/territories - 1.76B Ibs. recovered since 2007 -
Functional products resold or donated to charity - Full traceability of materials
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Results of closed-loop plastics supply chain efforts

Closed-Loop
Plastics
Supply Chain

91

Products
using closed-
loop plastics,

and OptiPlex
desktops

SofY

incl. monitors

11M lbs.

Of plastic parts created
through closed-loop
process since 2014

11% smaller

Carbon footprint for
these parts compared
to using virgin plastics .

$1 million
Saved in costs

Dell's closed-loop supply
chain provides $1.3M
annually in natural capital
benefits over virgin ABS




Scaling closed-loop: opportunities to do much more

1,800

1,600 .1 571.0

Estimate in millions of pounds

1,400

1,200

1,000

800

600
400

200
11.7 525
Total ¢losed-loop PCR Total PCR {any type} Total plastics Total plastic in PC products
in Dell products in Dell preducts in Delt products {whole industry)

35% of all plastics used for Dell products is PCR

Turning the tide on ocean pla
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+ Scale existing efforts
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» Expand to other materials
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« Collaborate, open-source

JOIN US IN BUILDING
A LEGACY OF GOOD

Visit Dell.com/CSR
Follow us on Twitter: @DelldGood
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By: Vijay Mandora
CMD, ECS Environment Pvt. Ltd.
Ahmedabad, INDIA.




India: Total population from 2010 to 2022 (in millions) | O/

ABOUT THIS STATISTIC

St
1750 - - -
The statistic shows the total poputation of India ﬁcs

2010 to 2013, with a forecast through 2022. In 2
o | 3"5‘ 7?56”53 387.53405.83  the estimated total papulation in India amounted to
51 209,51 316,91 3342555 - approximately 1.32 billion people,
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Total population in India
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India currently has the second-largest popuiation in
the world and is projected to overtake top-ranking
China within forty years. its residents comprise more
than one-seventh of the entire world's population,
and despite a slowly decreasing fertility rate (which
still exceeds the replacement rate and keeps the
median age of the population relatively low), an
increasing life expectancy adds to an expanding
population. In comparison with other countries whose
populations are decreasing, such as Japan, India has a
relatively gaagt sharegabared poaglation, which
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ARQUT THIS STATISTIC

The 30 largest countries in the world by total area (in square kilometers) O

Russla 17 058 242

The statistlc shows the 30 fargest countries in th :
world by area. Russla Is the largest country by fa ECS 1

with a total area of about 17 million square

Canada 9934 670
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Brazil 35143877 | |
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India: Gross domestic product (GDP) in current prices from 2010 to 2020 (in billion i

U.S. dollars} _ /
somo , /...  ABOUTTHISSTATISTIC CS

The statistic shows GDP in India from 2010 to 2017,
with projections up until 2020. 1n 2017, GDP in india

3500 . e e TR R R
- was at around 2.45 trilllon US dollars. See figures on
2 959.67 India’s economic growth here, and the Russian GDP
3000 Pt h
26857 for comparison.
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The 20 countries with the largest proportion of the global gross domestic product O
(GDP) based on Purchasing Power Parity (PPP) in 2016 -,

The statistic shows the 20 countries with the largest
proportion of the global gross domestic product (GDP}
based on Purchasing Power Parity (PPP) in 2016. In
2016, Germany had an estimated share of about 3.32
percent of the global GDP.

Chine 17.76% |
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India: Share of global gross domestic product (GDP) adjusted for Purchasing Powe £33
Parity (PPP) from 2010 to 2020 "

ABOUT THIS STATISTIC ' E CS

The statistic shows India’s share of the global gross
B.48% domestic product (GDP) adjusted for Purchasing
Power Parity (PPP} from 2010 to 2011, with
projectdons up untll 2020, In 2016, India's share of
global GDP (in relation to PPP dollars) was estimated
at about 7.23 percent. See GDP of India and India's
economic growth for additional information.
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ECS

Space for
I\/Iu/t/p/e Slides” Animation
on
India & e-waste.

Animated slides will run here.
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By: Vijay Mandora
CMD, ECS Environment Pvt. Ltd.
Ahmedabad, INDIA.
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ECS

Space for
HD video on e-waste in India.

Video will run here.




THE 5" LARGEST eWASTE GENERATOR

Subject

Population
Purchasing Power*

EEE Fut on Market*

-waste Geterated®

E-waste Generation of India:  EcC

MTA in 2014*

* UN Study -




e-Waste Generation in India (MT/Year}

1700000

- 1800000;

1600000

. 500000

@
Assumption for 2017: E’c’é

MTA in 2017*

* Assumption made based on UN Study




Factors behind increase in e-waste &
ECS

* large Population

« Growing Population

* Increasing Nuclear families

~ « Growing rate of education and
hence awareness

» Increased affordability
* Improving Lifestyle
» Shorter Product life

Conventional Disposal Process










. e

Al = W E A et [—

-




Unskilled Manpower ECS
Mostly under-aged/children and women labor

No PPEs

No Training

No Pollution Control measures

Mostly located in residential and commercial areas.

Use of highly Toxic/Poisonous chemicals

Discard of fumes in open air

Discard of liquids in drains and open land

Discard of solid wastes in open land
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Government
Initiatives

EPR (Extended Producer’s Responsibility) =
-~ ECS
[PUBLISHED IN THE GAZETTE OF INDIA, EXTRAORDINARY PART -, SECTION.
3, SUB-SECTION (i)]

GOVERNMENT OF INDIA,
MINISTRY OF ENVIRONMENT, FOREST AND CLIMATE CHANGE

NOTIFICATION
New Delhi, the 23" March , 2016

G.S.R 338(E). - Whereas the draft rules, namely the e-waste (Managemenl) Rules,
2015, were published by the Government of India in the Minisiry of Environmend,
Forest and Climate Change vide number G.8.R. 472(E), dated the 10" June, 2015 in

the Gazette of india, Extraordinary Part i, section 3, sub-section (i} inviting objections

and suggestions from all persons likely to be affected thereby, before the expiry of the
period of sixty days from the date on which copies of the Gazefte containing ne saw
nofification were made available to the public,

AND WHEREAS the copies of the Gazette containing the said nofification were made
= available to the public on the 10" day of June, 2015; ‘

— ; —
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Vadodara: e-waste Project for Smart city

India’s First...

e-waste project for entire city...
Recipient of many National awards.. /

Launched by Mr. Narendra Modi. 48 b | 4 VADODARA
| _ B Wunanicarsva s

\ __gxecuted by: @ ECS )

Ahmedabad: e-waste Project for Smart city E@(‘%

India’s First...

PPP (Public-Private Partnership)
e-waste management project ...

o @YECS




Rajkot: e-waste Project for Smart city
First...

Long term e-waste project for
future ready smart city ...

Execut'ed by: @/ ECS

Disposal \.S‘_, Toll Free Call Center

Options: [y | oropetpoins

ﬁ e-mail

ECS

ra

| QERETIEN




MoU with Government

MoU with Government for
investment of Rs. 510 crores in
eco-friendly e-waste recycling.
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ECS

Space for
HD video on e-waste & ECS.

Video will run here.

ECS Environment Pvt. Ltd.

India’s Leading

Environment Friendly

e-waste Management
Organizations..




Compliance

Pollution Control Board

Registration

ECS

ECS Business Philosophy




Repair Recover

Reuse




Data Handling and Confidentiality
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Awareness Activities

Our CSR Activities




In I\/Iedia

@ Ecs B

- pirbareen ofin KS;RI! sabsee, ftan

et 21E) Mss2 e 305 2t 96

m.mw ner) 248 sisszd] daeie] atd 203 d) Adozigeent

St e orse il avall endofl evzorala i e 30 261

g ) it ) 252 . dd elg] srpe 20 & & e

;mwdrhhw; ol memx 1A ss2el o atsfl B, Aui wer 2edz, Mo

T ety e o 5y )91 g uidle O, & Guia 21id) vt IDABAD
ety E ‘ds 251 G164H] w1ed] 28) B A A 25 v wil Adcaidel el

2 i Gualo) AT,
E:__,,, 15 \:&u 412) 53 lus‘na”aq 2&]" YR

f—— -y -
2 vaaiflon) G4 GEH

U e
whierk W o aRd WS BT
ey Brrél Dot ¥ det sy JRNLE

o, RPN #im s wd
PR s B eoal Ykt v W .

| swear, | care
Do You?

I Swear, | Care




.G

ot > N
.
fe
e

THANK YOU




PAUL SCHERRER INSTITUT

@] = -

“New Technology to Recover Clean Rare Earth Metals from e-Wastes’

SWIR SCHASFEN WISSENZHEUTI

o
= ey
R AR, S

Development and optimization of
e[~ =] .
sustainable waste management processes

was_t__e_ is

resource

- The goal is

"« to recover materials
~ « to substitute fossil energy @

~+ to minimize the dissipation of toxic and valuable materials

https:liwww.psi.chicpmlepfl-psi-joint-professorship-on-solid-waste-treatment



S Competences & applications: solid waste treatment group

waste to energy

applications

covery of materials
: e.g. critical metais,
nutrients, construction materials) |=

¥ R —

safe disposal ' " On-line trace
(treatment residues, —— e element analysis in
solid wastes) . waste streams

In situ structural analysis

+*

core cdmpetences
{chemistry at the solid/gas & solid/water interface) 3

FauL SCHORXER INSTITUT

e -1=] J=» Our long term vision and motivation

. <99%
oz Landfill

Plastic
Copper

Gemzes Mechanical

Plastic & Gold !
Copper ¢==2 MECharElcaI Shredding/
Gold Shredding/ §f; Recyclers
. Recyclers '
. :g & ‘g” nearly 9 Bi USS
g for all REs by 2020
Landfill Y
Critical raw materials like Landfill ﬁ
rare earth elements {REE) Without critical raw materials A
94000 tonnes [ nearly 4 Bi US$ and less volume Market

(EU27; 2014)
Environ. Sci. Technol. 47, 10129 (2013); Hydrometallurgy 165, 27 (2016) . 4



PAUL SCHERRER IRSTITYE

wx{] Jem | Technology for sustainability

fleet of recycling units operating in different parts of world

Pl

{Schematic representation only; actual unit can differ in arrangements)

Societal benefits

sustainability, resource security,
mature e-waste management,
raw materials for green energy and smart technology

FAUL SCHIRRER (NSTITUT

a -1 J=e Green energy relevance of rare earths

INCREMENTAL COMMODITY DEMAND [N A 100'% EV WORLD
TherLeL a OF PO I TR B T

LITHIUM
COBALT
RARE EARTHS
GRAPHITE
MNICKEL
COFPPER
MANGANESE
ALUMINGM =
SILICON o f TALEeerintn,
STEEL -1
PGM ~2A%

i ' 2

i
-S00Y. O SO0 1,000%. RSO0 2,000% 2.500% 3,000%

" E A MR GRS rnat E ATE L) R S i LA 1 ORI M A LEETL M 1y I SR ST ) Lt

f

Figure : Global demand of resources in 100% electric vehicle world (Source: visual capitalist.com)

Critical

Not critical
Figure : Medium

Importance to clean energy

term criticality
matrix
(5-10 years)
1 1(low) 2 3 4 (high) resources, 3, 614 (2014)

S ——
{low) suipply risk 6



FANL SCHEREEE INSTITUT

a[]={J== E-waste resource: comparison with existing supply solution
Conventional mining

» Negative environmental impact

» Balance problem {dumping of surplus, unwanted metals)

« Economically not viable

E-Waste: in terms of secondary resource

« Important issue with nearly 10% growth each year in municipal wastes
« Nearly 4 Bi US$ estimated REE content in EU-27 countries

« Potential secondary resource if appropriate technology is available

No running recycling plant for individual REE recycling from e-wastes at
present: technology vacuum

m@% Our technology: resource security and
_environmental aspects

Challenges

1. Dilute metal content;

2. Economic viability of processes (difficult and expensive analytics)

Solutions
1. Preconcentration of REE content;
2. Steady state process and new sensors developments

A. Patil; J. Membrane Sci. 442 (2013} 48
N. Hippenmeyer; Master’s thesis in Environmental Eng. at ETHZ (2016) supervised by Dr. A. Patil



PAUL SCHERXER INSTETUY

ex(==] == Fluorescent powders as secondary resource

Mechan_ical shredding technology for lamp recycling: BLUBOX
» Efficient removal of hazardous gases and materials

+ Easy to operate: plug and recycle

« Container sized with very high throughput

« Equipped with carbon filters to absorb dust

* Produces rare earth containing fluorescent powder as a byproduct

9
wu e e JIgEStion scheme for the FP e-waste and targeted pure REE
(=] Jem products: PSI process ...

ined Scal Goal = : Cement
Attained Scale up Goals: industry

10g ->100g ->1000g of FP
->ready for process scale

End of life fluorescent

fluorescent powder
lamps as secondary resource

from industrial partner

Mineral acid for digestion

¥ Reproducibility of developed method

»No exotherm and hazards

> Globally one of the first methods: near quantitative Tb from FP waste
Green Chem., 17, 856(2015) HALO (white) 10



s Leaching efficiency of different REEs from the
. = developed digestion process

Total amount {mg) obtained with 100 g| Maximum amount [mg) from

RE element % Recovery

FP after sequential leaching microwave digestion

(Data obtained from 100g FP (x 5% error range))

Optimized performance
Possibility to recycle acids
Easy to scale up

Easy removal of unwanted contaminants
1

FAVL SCHELRER INLTETUY

=] e PSI process for REE recycling : strategy

O Recovered phosphors: hydrometallurgy in selective conditions

Q Commercially aéceptable purities of single rare earth elements: Y, Eu, Th, La and Ce

U ICP-OES and ICP-MS as analytical tools

O Mixer Settlers for process trials

12



FAUL SCHERRER INSTITUT

a(-1={ =  Pilot plant trials for REE recycling from
fluorescent powder e-waste

Successful pilot level run for 99% Y separation

Run performed on multiliter scale

Process scale up and trials in pilot phase of project

13

FARL SCHERNER INSTITUT

e Jem Demonstrations towards implementation

Figure: Bench scale mixer settler exiraction pilot plant facility available at
CPM group in Energy and Environment research division of PSI

In-house facilities, resources, expertise and contacts with active stakeholders in
recycling and metal trading arena

14



Dismantling

Pemagnetizing

&6
=
S
K=

=
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PAUL SCHEERLER INSTITUT

e[ = NdFeB - Magnet recycling process

Magnet composition
[weight %]

FeO 58.76
Nd,0, 23.75
Pr,O; 5.25.
NiO 4.27
B,Og, 3.04
Dy.0O; 1.54
950°C for 18h A|203 1.35
CoO 0.29
Total 98.25

Figure: magnet composition obtained

with microwave digestion at PSI

0.5h grindi ;2.
gnncing Magnet: 2.6 total amount <100% due o trace elements in magnet

Binnemans and co-workers; RSC Adv., 7, 32100 (2017) 15

PAUL SCHEREEE |N5TITHT

w1 e Optimizations for recovery of REEs from magnet e-wastes

| I |

1 1 i ]

1
100 - z # = Femsw amm:nl = Ce
= E = 3 = = Dy
E Fe—— R o La
80 £} # I 2 - 4 = Nd
= & 3 = Pr
= z el £ = Tb
E 4 £ Z N
= O = = <> REEsin
2 = E oL £ & initiat
= 5 = B8 b =
b4 2 T % i o solution
£ 40+ = = 2 -
204 g 1.z = = .
Sy
0 an= : 2 i
T 1 ) T v
M1 Ma

Figure : Extraction systems for the REEs present in e-waste magnets
(M: different methods)

Model system: necessary optimization and understanding
' 16



PhYL SLHORRER 1NSTITOT

- Optimizations for recovery of REEs from magnet e-wastes

i

K Nd Extraction
® - Dissolved amount of Nd
1 1 ),
100
] | - 12
= Py
- =
i%
80 1 -1.0 "_::
= 2
| o
g 804 0.3 g
3 ) 3
E . m |08 g
ﬂj 40 + g
z 04 ©
201 §
Ll -0.2 R
o
0 n
I T 1 ] 0'0

C1 Cc2 3 C4 G5

Figure : Dissolution and extraction resulis for real magnet samples
(C: different physicochemical conditions)
Real waste: halance between dissolution and extraction efficiency :: green method

TAUL SCHIRMER SNSTITUT

= Risks involved in REE recycling from e-waste

+ Volatile REE prices

. (fomplexity of different magnet e-waste streams

» Reverse supply chain of wastes, marketing of REE and recycling units

Our fluorescent powder recycling project partner

18



FADL SCHEARER IWSTITUT

e={ =] J== TOowards long term sustainability through e-waste recycling
LINEAR ECONOMY

RESOURCE EXTRACTION BRODUCTION EANSTRIBUTION CONSUMPTION m

CIRCULAR ECONOMY

Working scope of CPM, PSI

19

PALUL SCHENRCR INLYITUT

[ =] s Conclusion and future perspective

« Cost effective and efficient digestion protocol is established for e-waste

« Near quantitative leaching of critical rare earths achieved (verified using

control microwave digestion run)

* Process to achieve > 99% individual rare earth purity for Y, Eu and Tb

arriving from fluorescent powder e-waste is developed

» PS8l process has possibility to scale up and also applicability to individual rare

earth separation arriving from other e-waste forms (after modifications)

20



FAUL SCHEARER INSTITVT

=== Wir schaffen Wissen — heute fiir morgen

Schwalrerische Eidgenossenschalr
Confedération suisse | :
topfederazione Svizrzera
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RENAS

Norges ledende EE-returselskap

Electronics and Cars Recycling — What’s the Difference?




What is EEE?

+ Electrical and electronic equipment (EEE) means
equipment which is dependent on electric currents
or electromagnetic fields in order to work properly
and equipment for the generation, transfer and
measurement of such currents and fields and
designed for use with a voltage rating not
exceeding 1 000 volts for alternating current and 1
500 volts for direct current

(WEEE directive 2012/18/eu)

Eloctronics snd Cars Recycling —Whet's the Difference T
Macau, 18 Nevomber 2017

Facts about recycling

WEEE

«  Worldwide 40-50 million tons (estimated)
~  EU 4 million tons (reported})

« 90 — 95% recycled (Norway)

+ 5—10% incinerated or landfilled {(Norway}

+ Value $ tens of billions

» Lifespan
~  Small electronics 18 — 24 months average
~ Household appliances 9 — 10 years average

- Decreasing

Elactronks and Cars Recycling —'\What's the Diffarsnce’?
Matau, 10 November 217

What is a an automobile?

+ Passenger vehicle designed for operation on
ordinary roads and typically having four wheels and
a gasoline or diesel internal-combustion engine

{www.dictionary.com)

ELV

#

Worldwide 25 million tons (estimated)

— EU 9 million tons (reported)

.

80% recycled

20% ASR (Auto Shredder Residue) incinerated or landfilled

Value $ tens of hillions
+ Lifespan

~ 12 -14 years average



Why are we doing this?

Objectives of WEEE and ELV directives
+ Prevent and reduce waste and pcllution
* Reuse of parts and components

* Retrieve valuable materials

- Improve the environmental performance of all
operators involved in the life cycle of EEE and
vehicles

- particularly those operators directly involved in
the collection and treatment

Elactronitt and Cara Recycling = \What's the Diiferonca?
Macau, 16 November 2017

WEEE vs ELV — distinguishing points

.

WEEE - developed since the '‘90s
« Focus on:
—~ Recycling of WEEE components
+ Components generélly have:
—  Low/ medium value and Zero/ low demand
+ PCBs are one of the most valuable components

+ Hence PCBs separated early and processed
separately for precious metals

Electronics and Cars Recycling —What's tha Diffarance?
Macau, 18 November 2017

Obviously to
make money
and extract
valuable
resources!

ELV - developed since the '60s

Focus on:

-~ Remanufacturing and reuse of valuable spare parts
{engines, catalysts, radiators, etc)

— Recycling of metals
Components generally have;
~ High / very high value and High / very high demand

PCBs have little or no focus and are shredded with car hulk



7 ®

What does an automobile look What does EEE look like?
like? - L

Wt Electonics and Cars Recycling =What's the Differenc
Mecau, 18 November 2017

Car pathologists (study 2009)

+ Dissected two cars

~ 1988 VW Passat diesel

- 2007 VW Touran diesel

[ Elsctronics and Cars Recycing — What's the Difersnca?
Macau, 18 Novembar 2017



Car pathology - findings

+ 1988 VW Passat diesel
— 2.5% WEEE tot (31.7 kg)
- 1PCB (0.3 kg)
— 10.8 kg wiring

+ 2007 VW Touran diesel
—  4.4% WEEE tot (67.3 kg)
—~ 30 PCBs (6.7 kg}

- 18.9 kg wiring (1500 meters)

Elsctronice and Carz Recycling - What's the Differsnca?
Macay, 16 Navember 2017

10

Further we know (by estimates)

+ Modern cars today

- Up to 100 ECU (engine control units) with
PCBs (0.1 — 0.7% weight)

—~ Up to 60 kg wiring (5000 meters)
-~ Motors, lights, radars, etc

» Up to 10% of a modern car is EEE

- 20 — 25% is ASR going te landfill and incineration

Elocironics and Cars Recyokng ='What's the Difference?
Macau, 18 November 2017



1

Business potential - valuables

+ Characterization of PCBs from electronics

Silver 002 0.7 0.08
Gold 0.002 0.04 0.01
Copper 10 200 = 1725

= Material composition is very similar

- Distinct difference in materials amounts {e.g. precious
metals)

« Great impact on proﬁtabilify of recovery process

Elactronks and Gars Recying — What's the Diffsrenca?
Macay, 14 Novembar 2017

Business potential - values

« Estimates of profits from European WEEE PCBs

ek preeEniEiues - | 2015 [ 2020 | 2025
minvalue (ME) 2536 2939 3950
max value (M€) 5013 5811 7810

Per year

Is there business potential in this?

Eleciranicy and Cars Recycling = \What's the Differsnce?
Macau, 18 November 2017

minvalue (M€) 891 978 1125

. Characterization‘of PCBs from automotive

Siver 009 0 0 0
Gold 0.42 0.20 0.24 0.09
Copper 1884 ~ 2419 1452  16.30

+ In EU alone (2015 numbers)
- PCBs from WEEE is about 167 Ktons/year

~ PCBs from ELVs is about 17 Ktonsfyear

+ Estimates of profits from European ELV PCBs

nekpreseniivalieSER

max value {M€)
Per year

8412 9235 10628




So, how do we do this?

» We need to stop thinking in boxes

» Focus on optimizing our resources

Challenge our value chains

Tear down the barriers

Cultivate and worship innovation

« Create your markets

Electronice snd Cars Recyeling — VWhat's the Difference?
Macau, 18 November 2017

The last questions are

» Are there reasons for joining management of WEEE and ELV?
— About €10 billion reasons
. What’s the difference between electronics and car recycling?

— Pretty much 4 rubber tires and a steering wheel

Elsctronicy and Cars Racycling —What's the Diference?
Macau, 18 Novambar 2017
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“The measure of intelligence is the ability to change.”
Albert Einstein

Bjorn Thon
CEOQ, RENAS AS

] and Cars Recycing —What's the
Macau, 18 November 2017



Promotion of the Circular Economy
Through Electronics Recycling Certification
IN China and the Rest of Asia

© SERI - Hormne of the R2 Standard 2017

More responsible and advantageous
way to manage the products and
materials we use.

More sustainable alternative to
"Take-Make-Throw" economy.

- Extracts maximum value and use
from all products and materials

» Zero waste — closed loop economy.

@ SERI - Home of the R2 Standard 2017




Global shift towards Circular Economy

More sustainable management for electronics increasingly
important as electronics use continues to grow — especially in
Asia where usage is fueled by growing middle class.

As of June 2017
Internet Penetration in China:
53.2% of population (738.5+ million users)

Internet Penetration in Asia:
46.7% of population (1,9+ billion users)

w3 SERl - Home of the RZ Standand 2047

Global E

Recent study by Accenture concluded:
“circular economy could unlock $4.5 triltion of economic growth”

- Bridges digital divide — affordable, used electronics have provided
hundreds of millions of people worldwide with unprecedented access
to information, healthcare, education, banking and financial services.

Improves health & safety of workers, communities & environment
by keeping harmful materials out of the waste stream.

@ SERI - Home of the: R2 Standard 2017




& Circular Economy... REUSE first!

REUSE is most beneficial choice

75% of total energy used during life-cycle of
a laptop is consumed during manufacturing.

- 67%  Manufacturing

. 0, r H M
6%  Distribution ——
- 27% Use Green Alliance: A circular

economy for smart devices
0.37% End of life

- Extending life of laptop 7 years reduces
environmental impacts more than 40%.

& SERI - Home of the R2 Stanclardd 2017

REUSE of Parts & Components

R2’s “REUSE before RECYCLE” hierarchy can extend to
reuse of parts and components.

Manufacturers benefit from access to reusable parts
that are tested and working.

-~ Photo to Right: Hong Kong facility harvests and
modifies screens from broken smart phones for
reuse in new electronic toys.

© SERI - Home of the R2 Standard




Benefits of Reuse vs. Recycling 1000 laptops

(calculated using USEPA carbon footprint cal_culator)

Reuse . Recycling

Energy Savings — U.S. households that could
be powered by eleciricity for a year 80 .37

Greenhouse Gas Reduction — Equivalent number
of cars that couid be removed from the road .14

Reduction in air emissions (in metric tons)

Reduction in water emissions (in metric tons)

& SERI - Hame of the 22 Standardd 2017

R2 & Circular Economy:
“Urban Mining” when reuse isn’t viab

Maximum Materials Recovery for End-of-Life Products

United Nations Study — used electronics are a 40 to 50 times
richer source of precious metals than mined ore.

“Urban Mining” preserves resources & reduces environmental

PR 1 i

impact of mining raw materials. a7 —=ET

BENEFITS OF RECYCLING VS. MINING
Energy Savings Carbon Foolprint Reduction

Lead 98% 99%
Aluminum 95% 92%
Nickel 90% 90%
Copper 63% 65%




The Costs of Inefficient Recycling Method

Lost profits from low-tech recycling methods
As low as roughly 25% of rare, precious, and other metals in
electronics are recovered when low tech methods are used.
Advanced technologies can recover 95+% of the metals.

Contaminated land, air and water.

Significant harm to workers from exposure to toxic materials in e-
waste that has been disposed of improperly.

More reliance on mining new materials — Depletes limited
resources, and increases environmental footprint of electronics.

< SERI - Home of the R2 Standara 2017

Comparing Outcomes: R2 & the Circular Economy

Circular Economy R2 Standard

Zero Waste & emphasis on Prov. 2 - Reuse/Recover Hierarchy
o 77 ol . . .

Resource” management vs. No landfilling or incineration of
“Waste” management Focus Materials

Extending life of products Prov. 2 & 6 — Requires testing &
and components repair of reusable electronics &
components

D SERI— Home of the R2 Standord 2017




SER R2 Standard

Our Mission:

to create a world where electronic products are

reused and recycled in a way that promotes resource
preservation; the well-being of the natural environment;
and the health and safety of workers and communities.

& SER — Home of the R2 Standcard 2017

AMERICA , "

ocr—:ANlA}




SERI - Home of the R2 Standard

THANK YOU

John Lingelbach
SERI
WRE 2017

© SERI - Home of the R2 Standard







Custom-tailored Plant Concepts for the Disposal of

Cooling Device Plants in Asia

Peter Helller

URT Umwelt- und Recyclingtechnik GmbH

1)

ssor Treatment

Selective treatment and filling of refrigerants:

R12 (CCL,F,) full freon no reuse in Europe
R 600a (C,H,,) isobutan reuse in Europe
R 134a (CF;CH,F) HCF reuse in Europe




1.2)  Oil degassing to reduce the CFC (freon) content < 0.2%.
This is a requirement from the oil reuse industry.

2.1) Recovery and liquifying of blowing agents VFC and VHC.

State of the art in Europe and some Asien countries is the
recovery and liquifying of the blowing agents.

If the recovery of blowing agents is not required URT is able to
offer disposal concepts without blowing agents liquifying.

Blowing agents will be emitted o the atmosphere.

The explosion safety will be secured by a controlled air dilution.
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Polyurethane isolation foams are containing VHCs or VFCs.

In Europe it is necessary to degass the foam until reaching a
VHC and VFC content below 0.2%.

This is normally done by grinding and heating the polyurethane
foam.

For instance this is not required in China and the URT plants are
simply compacting (volume reduction) the foam.

2.3)

Different throughput concepts are available at URT:
Starting from  2to/h correspond to 40 fridges/h
up to 5to/h correspond to 100 fridges/h




3.1)

Increasing share of alternative blowing agents (VHC) during
recycling

100 ¢

Share of VHC (pentane) fridges

PO IS SN SO WO S S S S
2008 2009 2010 2044 2012 2013 2014 2018 2018 2017 2018 2019 2020
Year

3.2)

A selective treatment of VHC (pentane) fridges only

Shredding in ambient air atmosphere ( no nitrogen atmosphere)

-+ Eliminating the explosion risk by controlled air dilution

Onsite direct combustion of the exhausted gases (pentane)

Negligible emissions fulfilling highest European emission standards




3.3)

.,

evelopment

Advantage of low operational costs:’
* No need of nitrogen neither liquid nor gaseous

* No disposal costs for blowing agents by onsite combustion

+ Creating a polyurethane fraction without any VFC (CFC)
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World Recycling Forum 2017

in Macau, China

‘Calag for S Bszes tovars e s Beonomy s

Japanese Auto-recyclers as Social Venture

Minoru Goko, Vice President
NPO-Japan Automotive Recyclers Association
www.npo-jara.org

General Information, Automotive Industry in Japan by JAMA &
JARA
-77 million vehicles are running in Japan.

- Registration of 5 million new vehicles & 7 million used vehicles a year in Japan.
- 7 million new vehicle export from Japan a year.

- 1.5 mil, registration of HV, PHV, EV, FCV & Clean Diesel cars a year in Japan.
- Japan brand car production in the world is 19 mil. (All car production is 95 mil.)
- 3 million ELVs a year & 4,000 automotive recyclers in Japan.

- ASR recycling rate is more than 95% in Japan.

- Avarage vehicle usage is 12 years,
- Domestically operated Kobelco MDM is 542 units (70% market share),
increasing sales number both Japan & overseas.




Review of the Automobile Recycling Law in Japan  wymmi

- According to the survey results of the municipalities in Japan, about 1,000 illegal dumping
ELVs are newly generated annually.

- The municipalities still remove 400 unmanned & illegal dumping ELVs annually are injected
public expenses of 10,000 USD for unmanned & illegal dumping ELVs removal -

- It’s difficult to teach foreigners who can not understand Japanese.

- For illegal dumping ELVs whose chassis numbers have been cut out, mumclpal governments
are responsible for Recycling Fees.

- The aged islanders are difficult to progress ELVs individually & financially.

for recycling,

Automotive * Ail'bflg
Recycling Center * Refrigerant
(8 9billions USD) * Shredder dust

Car
Exporter More than 1mill. ELVs

Refund Money

How to support Global Industrial Waste issues.
The Ministry of the Environment reports,

- The amount of Industrial waste generated has increased worldwide, and it’s expected to
increase to twice the current level in 2050.

- In emerging & developing countries, there are concerns about environmental pollution
due to insufficient response in terms of both system & technology for increasing industrial
waste.

- In Japan, the legal system for Industrial waste disposal / recycling has been developed.

- In Japan, there is a technology of excellent vein industry, but the growth of domestic vein
industry is limited.

- Meanwhile, emerging & developing countries have huge potential markets of the vein
industry.

- Japanese government promotes development of these target countries as a package of
excellent waste disposal / recycling technologies & systems.

- Tt contributes future Circular Economy of these countries & also the Japan’s Economy
activation, Securing rare metals & Resource strategy.




BOP (Base Of the economic Pyramid) Business

1 billion (15%) people in the world live on less than 1 dollar a day.

2.5 billion people (38%) live on less than 2 dollars a day.

Annual income is less than 3,000 dollars, called BOP.

The population is said to be 4 bill. people, accounting for 70% of the world
population. .

- BOP market size is reported to be over 5 trillion dollars.

- TLarge amount of used cars are exported from Japan to the countries in which
the BOP layer exists.

- Therefore, Japanese auto-recyclers are in the most appropriate position to deal
with environmental & resource issues related to ELV recycling in countries to
establish Circular Economy with Japanese Auto-makers.
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Auto-recycling business for BOP layer, fostering new entrepreneurs

Asian countries with fast economic growth, the BOP layers in Asia will halve in
a few years.

In the future, Asia is expected to intensify competition as a global market,
today's BOP layer probably contains the potential to become a middle class -
tomorrow.

After consumers become middle class, capturing of our business will miss
business opportunities.

Therefore, it’s "Social Business" through automotive recycling, taking
advantage of Japan's excellent auto-recycling technology, knowledge &
experience while working in cooperation with auto-makers..

By being the first approach in those countries, you can involve the development
of national policies & basic concepts related to the auto-recycling.

Key point for successful Social Business

* Law for prohibiting illegal ELV dumping,

* Appropriate ELV recycling system,

* Securing an appropriate ELV amount for recycling,
* Introduction of appropriate recycling technology,

* Appropriate education system,




Circular Economy

Circular Economy is a new business method to maximize the value of
products & materials in economic activities.

and to sustainably pursue profits and consequently to realize a sustainable low
carbon society as well.

In other words, companies are profitable by the Circular Economy, which is a
business method that makes it more suitable for the global environment, such
as reduction of CO2 emissions.

In the Circular Economy, there are five elements that lead to the competitive
advantage, such as,

“ Circulation of raw materials ”

“ Resource rebuilding ”

“ Extension of product life ”

“ Product service ”

“ From ownership to share Conversion ”

Social Business towards Future Circular Economy

“ Raw material recycling” can be called “ scrap material recycling ”, a way
to change the raw materials used for product production from waste to
reusable materials, lowering the burden of raw material procurement and
risk.

“ Resource rebuilding ” is a method of retrieving and reusing recycled parts
that can be utilized from used products that have finished their roles.

“ Extension of product life ” is a method of extending the period during
which products (parts) can be used by Rebuilt/Remanufactured.

Therefore, Auto-recyclers need to approach first as social business for
auto-recycling to emerging & developing countries with'a package of
excellent waste disposal / recycling technologies & systems being
supported by government & Auto-makers.

It contributes future Circular Economy of these countries & also the
Japan’s Economy activation, Securing rare metals & Resource strategy.



Toyota Global 100 Dismantlers Project

- According to the principle of Circular Economy,

- France's Renault has established a new closed loop with Suez Environment/
SITA, named INDRA in France.

- As well as closed loop construction, named ENCORY in Germany, the
Jjoint venture between the BMW Group and ALBA Group.

- On the other hand, the Toyota starts new challenge, “Toyota Global 100 |
Dismantlers Project” to contribute to the realization of a sustainable society.

- Toyota aims to construct a social system that enables proper treatment of
ELV towards proper treatment with Japanese auto-recycling technologies &
systems.

- Toyota is going to promote globally Auto-recycling technologies & systems
that have cultivated in Japan for production of Auto-recycled parts & scrap
materials with earth friendly method including global hybrid battery
recycling.

- I am truly proud that the first Dismantler of "Toyota Global 100
Dismantlers Project" who established a joint venture of Auto- recycling
company with local partners in Beijing, China is JARA member
companies.
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“Thank you for your attention”

Minoru Goko, Vice President

NPO-Japan Automotive Recyclers Association
WWW.Npo-jara.org







