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S5aving the planet, NMaturally.

€ enviroserve

Saving the planet. Naturolly,

QOur Values define the way we think, work and act.

Respect

Integrity

Service

Excellence

Stewardship

ELECTRONIC WASTE RECYCLING
REFRIGERANT GAS RECLAIMING

We are driven by our Purpose to better the
environment in Africa

We are focused on our Goal to be the f}
cholce for CSR services in Africa

We respect and value
thase we work with and
the contribution they make

We act falrly, ethically and
openlyin all we do

We put aur custormers and
clients at the center of
what we do

We use our enargy, skills,
and resources to deliver
the best sustainable result
We are passionate about
leaving things better than
we found them

We committed to Change which for us means having a
positive impact on the environment and delivering a
positive change to Africa

QOur spread over 3 regians provides 3 holistic Balance
which enables us to deliver a different kind of service
to not only our customers but to all individuals
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Saving the planet

Naturally.

THE AVOCADO THEORY




O enviroserve

Saving the planet. Naturally.

CSR & THE MIDDE EAST

) enviroserve

Saving the planet, Naturaily, THE RECYCLING HUB

FIRST OF ITS KIND IN MIDDLE EAST
* DUBAI INDUSTRIAL PARK

» COMPLETION APRIL 2018

» 39.000 TONS ANNUALLY

» ZERO LIQUID AND AIR EMISSION



O enviroserve

Saving the planet. Naturally,

Fosfern
Kurope

© enviroserve

Saving the planet, Naturatly.
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¥ 4

Georgia
Saudi Arabia
Kenya

* Rwanda

*+ Zimbabwe

* South Africa
*+ Angola

+ Nigeria

* Egypt
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THANK YOU!

SAVE THE PLANET. NATURALLY.
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| Increasing Purity of Non-
e ecying | Ferrous Scrap by using a
| Vibratory Feeder
Dick Reeves

Director, Resource Recovery

GK Feeder Eg!
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GENERAL

Metering Feeder & Hopper US R&D Lab

|
4
KINEMVIATICS.

Oid Feeder
I::::g;f POSi:i:’tZI% of h:;i?;:te Negative % of total | PSlof Hopper };l:)rsiit:;vzf
27 Ibs. 7.6 126 lbs. 824 20 70%
27 Ibs. 18.6 118 Ibs. 814 40 40%
301bs 26.3 113 Ibs. 73.7 60 48%

General Kinematics HSF

53;::;: Posi:ic\;:[% of Nﬁi?;::;e Negative % of total | PSiof Hopper I;Lgsi:t‘;vf

211bs. 14.6 117 Ibs, 85.4 20 74%

21 lbs. 16.5 106 Ibs. 835 40 45%

191bs 15.7 102 |bs, 243 60 55%




GENERAL
KINEMATICS.,

High StrokKe®
Feeder

Standarg P
Feeder”

High Stroke + High G's =
Enhanced Metal Presentat'on

it
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. Two Mass, Natural Frequency
Small Exciter Force (HP)
Amplified with Springs

Uniform Stroke
Compensating Stroke with Load

K
Equation: NF = C x (M"ifi)

eff
NF = Natural Frequency
C =  Constant
K.s =  Effective Spring Rate
Mg =  Effective Mass




TPH

% Metal

Lbs/hour

$/Ibs

$)hour

Hours

Week

Weeks
Year

$lyear

10

3%

600

$ 0.01

$ 6.00

40

52

TPH

% Metal

Lbs/hour

$/lbs

$/hour

Hours
Week

Weeks
Year

$lyear

10

3%

600

$ 0.05

$ 30.00

40

52

~$62,400.00
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Recycling division &

QHellatron

innovation driven

"Sorting of Exhausted
Batteries
&
Alkaline and Zinc-Carbon
Battery Recycling”

!a What we do

ENVIRONMENTAL OPERATOR —we run plants for key

waste categories.

SOLUTION PROVIDER — we develop solutions,
technology and processes, on our own or with business

partners, to address key environmental issues.

COMMERCIAL COMPANY —we sell consulting services,

technology and operational support for companies

active in the environmental field.

Company profile Q He“at!.,oﬂ



The in set

“PROBLEM” - “OPPORTUNITY”

ﬁ FULLY UTILIZATION {:” CLOSED LOOP é" SUPERIOR a’ CONTINUOUS
OF THE RESOURCES SOLUTIONS ENVIRONMENTAL INNOVATION
 AVAILABLE PERFORMANCE
“AN INNOVATION DRIVEN COMPANY"
Company profile © He’ia;&gﬂ

Related companies and partners

Recycling division O \\‘ ‘ ’/ /
OHellatron S>EL

NCTECHNOLOGIES )

Committed to Sustainabitity A TEC

World Leader in Cement Pyroprocess Technology

COMPTON...

TECHOUOBIE FER K, REOUMIHNG D8 RaUT

Perrpcling division &

Company profile OHellatron



Qur solutions

MUNICIPAL WASTE TREATMENT

Recychng divislon &

Company profile - OHellatron

lntroduction

O Alkaline

O Zinc-carbon
Q Lithium-lon
U Ni/Mh

O Ni/Cd

U Button cells

U Dry lead batteries

Beypning dricion &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling @Hella;ggg



Introduction

From the basics to an Industrial process - some of the questions to be answered:

«  What kind of batteries we collect today?

« How we should sort the batteries being collected?

* How to achieve accuracy on the sorting process?

* What types of batteries are we willing to recycle in house?
» How can we get a “pure” black paste?

« How can we treat the black paste in order to maximize the material recovery?

Reoyglng dhvision o

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling CDHeIIaggg

Process Flow

Overall Process Flow:

1

AP _ S
D ensionalsoringl

. ' L i .
5 Alkaline ] Iron ’J7
- (battary case) Black Paste ;= Manganes

| AAAA I_
— e Dioxide
| AAA |— Cd‘bon . Plastic - o Zinc Salt
| AA+N I““’ | - |—" Ni;{:;ﬂﬁad |
[~ H —
| o
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| o | Lithiurm

Peyifag divition &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling Q Hellagmgg



l;] Sorting of used batteries —1°* treatment step_' |

Dimensional Sorting - Sample images:




Sorting of used batteries — 1% treatment step

Dimensional Sorting - Sample images:

Recychng diaston &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling QHellatron

By divighon &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling OHellatron
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@ Sorting of used batteries — 2" treatment step

Chemical type sorting - Sample image: X ray scanning sample

LI LR
THHLE
THLEILE
TREN
punnn

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling : OHellatron

d treatment step

Recyeling dissiyi &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling @Hellaggpm



g Alkaline and Zinc-Carbon batteries recyclirl 3r tatmentt

Mechanical treatment - Sample image:

* Black Paste

* Iron with less than 2%
impurities

Recyulng dvsion &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling @Hellamg

th treatment step

g AIkaI_and Zinc-Carbon batteries recyclin_% A

Chemical treatment - Flowchart:

BLACK PASTE
L
REAGENT #1 > BLACK PASTE
PURIFICATION
Solid
h 4
s L4 o
REAGENT #2 »!  LEACHING#1 | olid FILTRATION #1, [-~--——b MANGANESE
B : DIOXIDE
Ligquid
REAGENT#3 |~~~ *| LEACHING#2 Solid . | EWLTRATION #2 . ZINC
SALT

Pensycling divdslon &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling OHellatron



B Alkaline and Zinc—Cabon batteries recyclin—~ 4" tratment st

Chemical treatment - Sample images:

Rerycling diviion &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling ® Hellatrog
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I;I Alkaline and Zinc-Caon batteries recycling — 4™ treatment step

Chemical treatment - Sample images:

* ZincSalt

Recyching diviston o

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling QHellatron

treatment step

* Strong Quality control

*  On line-real time analysis

of the outgoing materials

* Onsite Hi-Tech Laboratory

Benyeling drision &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling @Hellajcﬂgmgmnw



I;l Alkaline and Zinc-Carbon batteries recycing —_4t treatment tp

Chemical treatment - Sample images:

Ricyding divizlen &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling Q Hellagggﬂ

* Automated sorting of chemical content of the batteries.

* Innovative “Smart cut” of the battery case.

* Cold-hydrometallurgical process for Alkaline and Zinc-Carbon batteries
treatment.

* Flexible process, made by several phases and modules that are used or not
depending on the material that needs to be produced.

* Recovery of important raw materials:
« ZincSalt;
* Manganese Dioxide.

Re=yelag drviion &

Sorting of exhausted batteries & Alkaline and Zinc-Carbon batteries recycling @Hella;LQ“Q



For any questions please contact

Recycling division &

QHellatron

Innovation driven

Mail: recycling.dlivision@helllatron.it
Tel. +39-02-99.76.011




i Electronics & Cars Recycling
=43 Nov 14 - 17, Macau, China

A

THE LINDE GROUP

Technologies to Save Energy and Reduce

Emissions in Metal Recycling Industries

Dr. Joachim von Schéele
Head of Steel, Metals & Glass ~ Asia Pacific

Vil 60 GROVF

1. Background and Technologies

2. Examples at Steel and Iron Recycling

3. Examples at Non Ferrous (Cu/Al/Pb) Recycling
4, Examples at Glass Recycling

5. Summary




THE LIRDE LROUP

- cjl'?de

O Raw materials will likely become more challenging in the future.

[ End-of-life vehicles and electric waste have received a widespread attention.

O More than 10 million cars need to be recycled in 2020 in China only.

O More than 70 million tonnes waste electrics are generated, growing 20% annually.
O Most of the world waste electrics will be recycled in APAC.

O These trend offers a largely increase supply for the recycling industry.
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“Urban Mining” Linde Oxyfuel

“Circular Economy” Melting Technologies

W

Cast lron



THE LINBE GROUP

The combustion processes in the heavy industries area are a large user of energy and source
of emissions. Those are mainly applied for heating, melting smelting, and reheating of the
materials being produced.

There was more than 120,000 industrial furnaces in operation in China.

The energy use in industrial furnaces accounts for more than 25% of the total energy use in
China, and more than 60% of energy use in industry.

Steel, Non Ferrous Metals, Foundry, Cement, and Glass industries are the main energy users.

There are two main ways to Save Enerqy and Reduce Emissions

3>

>

The Direct way: The most efficient short-term ways to save energy and decrease emissions
are to minimize the need and generation, respectively.

The Indirect Way: energy recycling and post treatment to remove C0,, NOy, S0y, etc., e.q.,
using SCR/SNCR/LowTOXx

THE LIRCE GROUF

It has been proven that the need for energy in many of these processes can be reduced by
20-50% by applying different types of oxyfuel combustion.

Reduction of €O, emissions will follow the reduced energy need.

Also other emissions can be reduced, like NO, and SO,.

A special combustion technology called flameless oxyfuel is very efficient to reduce NO,
emissions.

Linde has pioneered the development and implementation of flameless oxyfuel technology
in the steel and aluminum industries.

The presentation will give an overview of efficient use of oxyfuel and results obtained in

numerous installations throughout the steel, non ferrous, and iron foundry industries.



THE LINGE GROUP

1. No nitrogen in

Fual

€O, + H,0

CQxygen

2. No nitrogen out
3. Radiation

4. Lower flue-gas velocity

CH,+ * -+ + 2H,0 + &M, & HEAT

Tamparabucy Tharmal sfficlency & fusl saving, Oxy-fus! & Alr Fusl
lambda=1,05
100 —— 00%
]
[ e 0%
Holding thmwe with Incraase T
oxyfust combustion of capacity e i
___________ T - —
»
Holding tma with x % ¥
aitfusl cambustion g - #
g * ——CF 2o “% §
e At ol i /~< 3
E 0 ——Saing — %
El 2%
/
2 ,/ 2%
0 | 0%
/
a 3
0 200 “w .- 200 1000 7200 o
= = Sut point valus == Oxytusl === Alrfusl Time Flun gaelempe ralure. oC
18/10/201% RSE - AD/MD-MI 7

THE PN0E GROYE

Conventional oxyfuel

Oxygen e

CHs + 20, ~» (0; + 2H,0 + HEAT

Flameless oxyfuel
Fuel
Oxygen

CHy4 + 20, + Hot furnace gases —» C0; + 2H,0 + HEAT

18/10/2017 RSE - AD/MD-MI &



IBE NADE GROyYS

Measured NO, , data from evaluation by KTH (5t B3 T 253)

NOx levels not sensitive to in-leakage of air

NO, [ mg/M]]
300
——Regenerative airfuel 29% 02
—=—Rtegenerative aifuel
200 -

-~ 0xyfuel

100

Percentage oxygen in chimney %]

THE LENDE Goue

Installations of REBOX Oxyfuel Solutions in Steel Reheating Have Resulted in:

Fuel Savings of up to 50% (some cases 65%)
Reduction of €O, Emissioh by up to 50%
Substantial reduction of NO, Emission
Capacity Increase by up to 50%

Improved temperature uniformity, max. +/-10°C

vV V .V V V¥V VY

Decrease of Scaling Losses by up to 50%

18/10/2017 RSE - AD/MD-MI 10



THE LINDE GROUP

oinite

Air-fuel  Air-fuel with ~ REBOX®
recuperator oxyfuel

Enthalpy in steel kwh/t 200 200 200

Transmission losses kWh/t 10 10 10

Flue-gas enthalpy kWh/t 290 155" 50

Flue-gas temperature  °C 1,200 850 1,200

Air preheating °C © 20 450 20

Thermal efficiency % (42) (60) (80)

Energy need kWh/t 500 365 26

Energy need G/t 1.8 1.33 8.94

Oxygen production kwh/t 25

*-af[e[ recuperauon 70'800/0 Less F|Ue Gas
Low flue-gas velocity,
gives high effeciency
Reduced Emmissions

18/10/2017 RSE - AT/MD-MI ' 1"

Inf PINLE LA0UP

Flameless oxyfuel
| |
Conventional oxyfuel
| | |
Air-fuel with recuperator
| ! | !

0 20 40 60 80 100
Heating time [%]

e 3

Comparison of total heating time at Ovako’s Hofors Works, Sweden, using
different combustion technologies in Soaking Pit and Rotary Hearth Furnaces.

18/10/2017 RSE- AD/MD-MI 12



ArcelorMittal, Galati (RO)

ArcelorMittal, Shelby (US)

Ascométal, Les Dunes (FR)

Ascométal, Fos-sur-Mer (FR)

Brach, Bremen (DE)

Buderus, Wetzlar (DE)

Dongbei Special Steel, Dalian (CN)
Ellwood City Forge, Ellwood City (US)

Evraz Steel, Claymont (US)

Jindal SAW, Nashik (IN)

Kalyani Carpenter Special Steels, Pune (IN)
Mahindra Sanyo Special Steel, Khopoli (IN)
Michigan Seamless Tube, South Lyon (US)
North American Forgemasters, New Castle (US)
Outokumpu, Avesta (SE)

Outokumpu, Degerfors (SE)

Outokumpu, Nyby (SE)

Outokumpu, Tornio (FI)

Ovako, Hofors (SE)

18/10/2017 RSE - AD/MD-MI

THELNGE GROYP

6&1

Ovako, Smedjebacken (SE)
POSCO, Pohang (KR)
Salzgitter Flachstahl, Salzgitter (DE)

Sandvik Materials Technology, Sandviken (SE}

Scana Steel, Bjorneborg (SE)

Siam Yamato Steel, Rayong (TH)

SSAB, Borlange (SE)

Tayo Rolls (Tata Group), Jamshedpur (IN)
ThyssenKrupp Steel, Bruckhausen (DE)
ThyssenKrupp Steel, Finnentrop (DE)
Yongxin Stainless Steel, Huzhou, China (CN)

THE LENEE CROVE

Catenary furnace at Outokumpu, Avesta (Sweden).
Conversion into all flameless oxyfuel operation.

18/10/2017 RSE - AD/MD-MI

40 MW Flameless Oxyfuel; Capacity 150 tph




THE LIGDE GROUP

Before;
Air-fuel

18/10,/2017 RSE - AD/MD-MI

TF LINQE GROYP

Continuous operation, capacity: 70 t/h

Reducing the Treatment Time by >90%!

Flameless Oxyfuel Heating

Fuel gas: Generator Gas (also BF Gas used)
Working temperature: around 1200°C
Installation: 2009

Wire Rod diameter: 4.5-20 mm




THE LINDE GROUP

Benefits from higher heating temperature of a steel-making vessel:

> No need to have too high temperature of the steel in the
EAF/BOF /AOD

> Shorter heating cycles for less number of vessels needed

>  Only 75-80% flue gases due to less fuel and no nitrogen in
combustion - smaller flue-gas system

»  50-55% |lower 02 emission compared to air-fuel system

> Possibility to reach very high pre-heating temperatures when wanted
(Example 15000C for atomizing customer)

Simple, compact and low weight installation as compared to air-fuel
system with recuperator or regenerative solution

Added features in Flameless oxyfuel:
> Further improved heat distribution in vessel

» Ultra low NO, emissions

> Extended refractory lifetime due to higher and more even

temperature distribution in vessel
18/10/2017 RSE- AD/MD-MI 17

THE [IODE GLOUE

Burner | Water Average Heat flux
Power cooling temperature (kw/m2)
(kW) (kW) at Al sample
o
Air-fuel 3N 23 1151 79

18



THE WODE CROYP

Data from evaluation by KTH (Royal Institute of Technology, Sweden®# #5130 T BB R ST R 4),

furnace at 1200°C

Temperature, Rebox-W .

4000

2000

1000
[mim]
[rmm]

LTOFE a5 Low Temperature Oxyfuel

Temperature, Hat Oxy

4000

2000

- 1000
-500 mm]
[mm] :

B A EIRE2 Conventional oxyfuel

burner Peak flame temp
LTOF burner 1434°C
Regenerative burner 1398°C
air-fuel burner 1404°C

19

THE LINOT GROYE

28-tonne Aluminium re-melting furnace
Rolling mill scrap, primary ingots

Oxyfuel since 1995, 2.6 MW

Low-temperature Oxyfuel, 2005, 3 MW
- 90% reduction in NOX

-~ Up to 9% less dross formation

- 23% increase in melt rate

- 550 kwWh/t

- 495 kwWh/t

- 66% increased process efficiency




THE LINDE GROP

Stena Aluminum, Sweden, 23 t URTF (Universal Rotary Tillable Furnace ] iBIEsE )
solutionrif 77 2.

Two oxygen lances: 600 Nm3/h
LTOF burner: 4 MW

Flue-gas monitoring by laser sensor
Temperature monitoring

Remote control

results obtainediz4T :

Metal recovery  +2% to 3%

Fuel consumption -40%

€02 emission -40%

Salt reduction -70%

Video of URTF in Stena

THE 1600 CROVF

4x2MW Low-Témperature Oxyfuel burners

Direct charge furnace :

Specified specific melt rate 7.5 ton/h
New cast house plant

In operation 2012

22



THE LINDE GROYP

Granges, Sweden
NOx<100 mq/M)
90% reduction

Hydro, Norway
NOx<100 mg/Mj
64% reduction

23

THE LN0E CROYE

Airfuel Low-temperature
dB(A) Oxyfuel dB(A)
At furnace 83 31
Inside control room 58 49

106
100
95

90

Air fuel 5

—AF
—OF

LTOF{E& R E S MR e

85

80

dB

75

70

10 100 1000 10000

Hz 24




THE LINDE GROUP

Linde has installed oxyfuel in more than 130 furnaces for Aluminum melting 80 companies in
20 countries

Granges, Sweden 28t, Reverb furpace 4 2005
RUSAL ,Sweden 501, Reverb furnace 4 2007
Hydro, Ardal, Norway 2x30t alloying/Reverb 1 per furnace 2007
Hydro, Ardal, Norway 2x38t alloying /Reverb 2 per furnace 2008
Stena Aluminium, Sweden 25t, URTF, Rotary furnace 1 2009
Stena Aluminium, Sweden 30t alloying /reverb 1 2009
Constellium, France 7t, URTF, Rotary furnace ' 1 2011
RUSAL, Sweden 50t, casting/Reverb 2 201
SAG, Austria 30t, Reverb furnace 1 2012
Granges, Sweden 40t, Reverb furnace 4 2012

25

I LUINQE GROVP

DFI preheating unit
at a annealing line
=R PR s
TEIR K IR A P £

burner row BARERR IG5
and modulsig%i’ﬁﬁ‘




THE LINGE GROYP

> Flames heating directly onto a moving metal strip JEBEH RIS R K485
» Quickly raise material temperature within a compact furnace ZE47 8 Pyt i B 5E Rk
- > High localized energy input, local heat flux could be up to 1000kW/m2¥ % T HEH B Ik

i RBRRERAIA

Tuf UB{F LGYF

Max DFI burner power 200 kW coil machine for DF! pilot line
Max speed of strip ca 200m/min |

Coiled strip width: 200mm

Max coil weight: 500 kg

Plate sampels: 200 x 200mm



THE LIRDE GROYP

[1 More uniform quality
Every segment of the strip gets the same energy dose

O Potential for improved metal properties
Strength and ductility

O A faster annealing process (30-60 minutes) compared to 8-13 hours
Improved logistics
Less working capital in production line DFI unit

Al strip

I No staining on the metal surface
Lubricants are burnt by the DFI flames (

No need for nitrogen atmosphere

AN

29

THE LENDT ROV

O Pre-heating of Aluminium strips at a continuous furnace, example Auto Body Sheet annealing

O Integrate DFI in continuous processes for Aluminium strip and plate

O Replace batch coil annealing processes for a continuous DFI process.

Existing continuous annealing furnace




References:
80t reverb furnace, Anhui, 2016
80t reverb furnace, Anhui, 2016
100t reverb furnace, Jiangxi, 2015
100t reverb furnace, Sichuan, 2014

200t reverb furnace, Austria, 2002

Results obtained:

100t reverb furnace, Sichuan, China, 2014

THE LINDE GROYP

THE 1N0E GROYP

compared items Air-fuel Oxyfuel
P.roductivity ( ton Cu/day) 100 108 (+8%)
Fuel consumption (Nm3/ton Cu) 110 50 (-55%)
Oxygen consumption(Nm3/tdn Cu) o 100 {+100%)

32




THE LINDE GRQYP

Flowtrain

LOX station

THE LINDT GROF

B cé.l—;l‘.ie

References:

W™ Rotary, Bangkok, 2013
B Rotary, Chongging, 2014
®m Rotary, Jiangxi, 2015

W Rotary, Sichu.an, 2015
m Reverb, Hebei, 2015

B Rotary, Hubei, 2016

about 90 references world-wide for rotary furnaces

34



e LINDEGROYP

Results obtained:
rotary: energy saving 30-50%; productivity 15 -30%;

reverb: energy saving 40-60%;

specific fuel consumption/ton bullion lead produced:

rotary: heavy oil 45-65 liters/ton; NG 60-70 Nm3/ton;
the larger the furnace, the better the fuel consumption;
oxygen 100 -160 Nm3/t;

reverb: NG 40-65 Nm3/t; oxygen 85-145 Nm3/t;

35

THE LIN0T GROVE

HIGHJET® TDI Oxygen Technology is a well-
proven technology with many successfully
running installations.

HIGHJET® TDI provides for the best possible
oxygen utilisation in the furnace.




T [INDE GROUP

Flow meter

—

Valve

THl 1N 0f GieOpe

Typical Results:

Dust reduction in the off-gas 70%
C0/C02 emissions are reduced by 30 %
S02 emission is reduced by 20 %

Melt rate increase of 30%

Blast volume reduction of 30%

Coke reduction of 20%

0ff-gas volume reduced by 30%
Reductlon of bad smell around the cupola furnace




4 THE LIGDE GROUP

Benefits

Low carbon, energy savings

€02, NOx emission reduction
efficiency increase
quality improvement

flexibility increase

Industry Experience

THE LINOE GROUP

;é?de

Linde Combustion Technologies

PREBRBE T 58 = BRI B

Supporting energy savings & emission reductions,
to help achieve the blue sky China dream!

By DT REREE , B DIEERBKHER!
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Contingent Valuation for Urban
Solid Waste Recycle in Macau

Zhishi Wang Professor and Director
Macau Environmental Research Institute
Macau University of Science and Technology

| Quantifying environmental benefit assessment

= Rapid economic development and tourism development exert
stresses on the environment of Macau

» To sustain the city development with friendly environmental
conservation, the government has to carry out the policy with high
input of capital and labor for urban solid waste treatment

» However, if circulation economy concept to be introduced into the
urban solid waste treatment, the benefits of the innovative policy
should be valuated properly,

= which is of an application of contingent valuation method for non-
traditional market service environmental valuation




| l CVM for environmental benefit Assessment

= Contingent Valuation Method CVM is a sample survey
technigue that attempts to elicit the maximum WTP or
WTA for the environmental resources by asking people
hypothetical questions.

s CVM has become the most popular non-market
valuation method

= In USA, CVM has been acknowledged by the court as a
legitimate procedure for environmental resource
valuations

| Current Status of Urban Solid Wastes

1n Macau
m Macau urban solid wastes annually increased by 25%
since 1998, in which

m 75% of the total is for municipal solid wastes including
kitchen residue containing mainly biomass wastes with
high water content

» The major reason for rapid increase of solid wastes of
Macau is due to rapid growth of Macau tourist economy
and sustaining urbanization




l Current Practice of Macau Urban Waste

Treatment and Disposal

= Solid waste incineration is the major way to treat and dispose
with a heavy cost mainly for keeping high temperature within
the incinerator by adding fuel oil to prevent from dioxins
generation

= Macau is of a city with extremely shortage of natural resource
supply, most of which rely on import from the outside (food,
fuel, electricity)

» Strategic innovation is needed for resolving the problem of
urban waste management and resource shortage with

—emphasize on-circular economy concept

I Global E—Waste: Environmental Dilemma or
Economic Windfall (Maria Burke 2010)

= Roughly generate 40 m t/year of e-wastes globally

= Currently a quarter of Europe’s e-wastes unaccounted
for

» |Informal recycling poses a great threat for developing
countries due to generation of hazardous emissions

» Worldwide market for e-waste recovery grows from $5.7
bn in 2009 to $12.7 bn in 2014




Change Environmental Dilemma into
Economic Windfall |

s The key is to try to get economic benefit from urban waste treatment
and disposal, instead of simply capital input and expendlture for the
treatment

» Recycling scenario of urban e-waste can be initiated, which involves
both application of recycling technologies and exploring the way of
marketization of relevant recycling industries and projects with
incentive policy and green financial support

= Then urban biomass wastes can be converted to biofuel (biogas) or
bioenergy (electricity) supply for benefit, oo

N
Potential Mineral Resources from E-
Wastes and Wasted Caxs in Macau
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Categories of E-Wastes in Macau 2010

150R A% EI2% y potpm T m sty
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Future Annual Increases of E-Wastes

i 2010 2011 2012 2013 2014 2015 2016 207 2018 2019 2020

number 10254 150.44 15331 176.30 178.51 1T 186,52 18773 191.04 164 42 19737

(Jifs)
mass (7T
ﬂll.l 3

A46T 4 4967.2 49£6.1 6573.2 7012.4 78435 67684 54620 £480.2 54949.7 5519.3

’ Composition of Macau Municipal Solid Wastes (%)

Food 3293 2270 14.08 1450 IL11 6.2 45.65 22.67

Paper and cardboard 15.01 10.56 12.86 16.90 12.16 13.15 3.63 15.8 19.9 16.30 13.63
Plastics 15.20 16.67 16.53 22.20 20.00 11.51 24.38 40.9 9.4 14.13 19.09

Glass and stones 10.51 5.03 4.18 5.10 5.60 5.83 381 54 6.3 543 5.72
Metals 272 2.30 0.51 7.80 2,70 4.04 1.21 23 24 3.26 2.97
Textiles 320 6.11 5.10 5.30 6.15 7.18 13.67 5.6 03 2,17 3.54
Wood 225 2.01 6.53 240 7.30 344 2,77 5.9 1.2 3.70 4.25

Other 18.20 34.20 40.20 25,70 34.98 47.98 46.20 32 63 4.35 26.13

‘Other’ represents mainly the kitchen residue and so urban biomass wastes account for 53.05% of
the total, which can be converted to biofuel for power generation or running vehicles.




Preferable Development of Biofuel Industry in
Macau

» A pilot study can be firstly made with a biomass waste conversion
facility with daily production of 600 t/d of biofuel, equivalent to
methane gas of 30000 cubic meters per day

» Through purification, 18000 cubic meters of biofuel gas can be
produced, which can substitute annual fossil fuel consumption for
public buses with running 30million kilometers, leading carbon
emission reduction of 17000 t of CO2 emission |

» |f 30% kitchen residue is withdrawn from municipal solid waste, the
calorific value can be increased by 27%, leading to electric
generation increase by 20%

| Green Finance and Tncentive Policy

»x Development of circulation economy (e.g., urban e-waste recycling)
and of low carbon economy (e.g., clean energy resources from
urban bic-wastes) both need financial suppont, i.e., green financial
investment and incentive policy of government

» However, the bank investment decision to the low carbon and
waste-recycling industries depends upon cost-benefit analysis and
risk assessment for these non-traditional marketing industries

= Contingent valuation method CVM may be one of the new
assessment tools for investment of the green economy, i.e.,
circulation economy and low carbon economy

» CVM approach has been already applied for environmental service
(e.g. urban solid waste reuse and recycle project) and eco-product
or resources (e.g., black-faced spoonbill)




A Case Study — Willing to Pay (WTIP) for A New Urban
Solid Waste Management With A Recycling Scenario

80.56% of the total correspondents (Macau citizen) prefer to willing to

pay (WTP) for the new proposed program

WTP is 16.82 MOP per capita each month with annual economic value
of 9.05X10"MOP

With the same procedure, we can make a CVM assessment for

valuation of projects of urban biofuel or e-waste recycle

CVM is a useful tool for valuation of non-market eco-products and waste

recycleindustry

- Thanks







Policy Framework and Cases of N Gl S
Circular Economy in China |

P EBREFOBCRAER 5 LR ER

Dr., Prof. Huanzheng DU

UNEP-Tongji Institute of Environment for Sustainable Development

Dr., Prof. Huangzheng DU

= Circular economy expert of the World Bank and Chinese
ministries including NDRC, MIIT, and MOC. |

. Profeésor, UNEP-Tongji Institute of Environment for Sustainable
Development

= Director, Tongji Circular Economy Research Institute

» Chief scientist, Tongji Sustainable Development and New Type
Urbanization Think Tank .

* President, The Yangtze River Delta Research Academy of Circular i
Econdmy and Technology (Zhejiang) .

* Vice director, Environmental Management Committee, China

Management Science Society

* Vice director, Circular Economy Committee, Chinese Society for

Environmental Sciences Interview by People’s Daily Online in 2007




Tongji University

R 5 K5

- Established in Shanghai, 1907, by a German doctor

- 17500 undergraduate students, 13800 master
students, 4500 doctoral students, 3800
international students; 2770 faculty members

« Subjects leading in China include architecture, arts,
civil engineering, environmental science and
engineering, Eu.ropean studies, mechanical
engineering, and transportation engineering

+ Toward a sustainability-oriented university in the

215t century

Tongiji Circular Economy Research Institute (Tongji CE)
l'] H K 5 48 2R & 55T SO AT

10 researchers and about 20 students

+ Focusing on policies and technologies of circular gg;fjggg%ﬁ%{%sg\

economy, as well as multi-disciplinary studies of “@@AX

regional economics, ecological civilization, and ‘gj{gmﬁ .
sustainable development ' |

+ Providing system solutions to governments and
businesses

« Leading circular economy think-tank in China

- Open platform integrating research, education,

industries, and public services




Research mode and areas #f 7042 35,
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International cooperations

B FRE&-AE 5T 20

~» Sino-Japan intergovernmental cooperative
research: Urban waste management and

recycling
EP B IE&}T‘:HET.I ‘%ﬂflﬁ E i EFI El yﬁﬁiﬁiﬂ%ﬁ%ﬂﬁﬂ: U.5.-China eco-partnership meeting
Rk R TR ST E "t Washington DC, 2015

» U.S.-China eco-partnership program:
CocaCola sustainable bio-plastics
(replacing PET bottles)

hREZEEERATR, SRETOTRAEE

1B ARV FF P AE AT AR i el 2 1B PR AR R
- Rle GEYM R 7

U.5.-China eco-partnership exhibition
i 016




Environmental crisis in China and
transition toward eco-civilization

Hefty environmental prices paid
= 3R B 09 SR AR

P

+ China becoming the world
2nd largest economy after
30-yr rapid growth

B XY . * Prices of environmental
' ' and ecological degradation:

R i

ter pollutio

— Lake Tai (1hr driving from
Shanhai}, eutrophication
threatening domestic water
supply to many millions in
summer 2007

— Hundreds of cities in North
China lost in winter haze in
the 2010s

— Guiyu, No.1 e-waste town in
China, one of the most toxic

places on Earth

yon SR

Soil contamination .

8



Cities besieged by waste

35 38 B 3%

* Big city =
Big waste
producer;

« 180 mega-tonnes
of municipal solid
waste generated
by 244 cities in
China in 2014

Transition from industrial to eco-civilization

T L@ AESCHER

» Conventional development is unsustainable

* Transition from industrial to eco-civilization {from “massive production,
consumption, and waste disposal” to “reasonable production, conserving
consumption, and optimized recycling”




Dr. Du interviewed by CCTV and writing for People’s Dally on eco-
civilization

ISR AS A EEIEAE20126F9 H 19 A R B/ KL 21 B RN
SIMSIRBEER , DNEEHTWENAEERS, HHUNE. ERRIBIESIE
KEEHY, " MASEMETREFSEARN "RERE A1, BSXIERERE

u”f ?E“'A:Effﬁﬁﬂm?ﬂk

" Three approaches to achieve eco-civilization

o+ KIEHPERETSENE “Riu—E" NERGE |, IRHIBSESIRER
M{EsEHits , RAZFTERIR. BIREIR. MR, #i“i%zﬁ“ﬁﬁ#ué 3 |
BHESSENMTE , S ERRKERRE

- BEOEHEORRE. BAKRE. {KAR  BRESPERNIERNS

- Three approaches: Green, Circular, Low-carbon development

EEREMTEN+ENRESE
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Framework and evolution of circular
economy policies in China

Early political statements of circular economy in China

AR 2 50y TR BOR R K

* President JIANG Zeming’ speech at GEF
Conference, 2002

TERIELHNSESRAELNIGHE , USSR
P A AP S S B R B

* President HU Jintao’s speech at the Conference of
Population, Resources, and Environment, 2003

ﬁﬁiﬁfﬁilﬁqﬂ%)\ﬂﬁﬁﬁiﬁl{’ﬁgﬁt RS . "1

ZFNAFEESEFIXEBAFTARE. Bk~ m
EFEP

» 4t Plenary Session of the 16t CPC Conference,
2004; Governmental work report, 2005

+RENELS ( 20044 ) &zoosﬁﬁﬂfl{’ﬁlﬁi?mm%
Xﬂﬂi@ﬁﬂ rﬁ




Institutions of circular economy development

P AR S RALE B R R &

» Establishment of CE Division in
National Development and
Reform Commission, 2005

EZR AN EINE LB E T
* Circular Economy Promotion Law,

2009 HpAg N AL E
the A RAF BB R A 16 I 2 55 18 3 1%

Circular economy becoming a national strategy in 18" CPC Conference
in 2012

- /RS BaeerE. E
RIE. (BRERE, WRDAREIErS
EEsEiER. s, AT, £5 I
753t , IWIBSK FIREEAERSTRETAasy , 71 ety
ARSIERIFETEEMNES , hemress i
S{EHFR

. 20125 12AREESEESSGcET .
7 ( o EREFARERY) A
EREFERGLSY , THAREARE
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Evolution of circular economy policies in China’s FYP
TEOEFREFBEREE

« 11t Five Year Plan (2006-2010), on priority areas, sectors,
cities, and enterprises

SRS P’:EE'JT:T,..‘.T' Emdht. ExTl. Eanll. wamm
S DR

« 12 Five Year Plan (2011-2015), 10-100-1000 mode! programs
BIAEF +BET" BTl

13 Fjve Year Plan (2016-2020), Guidance of circular
development

ﬁﬂ'ﬁﬁgli‘?ﬁiﬂéﬂ ; f%@?@ﬂﬁﬁ??zﬂk{zl&% R RENR. Fi0E

12t FYP: CE 10-100-1000
model programs

+ = R BRI AR H
“+E+” ’(E/fT"fb

BET it

i . Sixioe Tha i (B) 8l #5100 K T RAVERE,
SEERREMERRELE BERGT @S (2) B R

& SR = EHEERET SemETETRESAANS SHEE SR, L= g, 8
2 HERT {UARRIE, BHE. i, i
SEHEE LR T BERSE FIAR

S EE SRR SOAINBHE STHBRA
AR B Lo HIEEAETE, ARRSES,
& EETENRIRAOLIEA AR, BhRIRRAR Y
BT - B ORI R,
SRbaRmnmETE

SARARFLTETE
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Recycling industry becoming one of the natlonal strategic and
promising new industries L

- MREEBUEE TR HEIRER
FIRFAAIELS: | thBhiERDsE
TEEIAF S HEZRT
A EREE R A T EEIAR
fh L 4= a1

- 5N (FERFEEIFIRE~
WERBHR)Y —PRREFHEXRT
ZrEEAREE | (FAER

"+—h" EREFRHR
* Du was the author of China’s first
book on recycling industry

: ﬁ%ﬁ*m

smswran
DA ER, BER

hEAREFAE
EURRETE

EPR as a policy instrument to promote circular economy
development in China

» Extended producer
responsibility (EPR)
adopted by
governments and
industries in China

* [n his book, Prof. Du
reviewed EPR’s
practices as a policy
tool

By ?’Afﬁiﬂihbﬂ&
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Guiyu, No.1 e-waste town

JoM el kR EAR, BT B IR —4A
* Guiyu, a town in Shantou City, Guangdong Province
* Perceived as the largest electronic waste (e-waste) site in the world
» Soil, water, air and people paying a high price

* One of the most toxic place on Earth (CBS 60 Minutes)




Comprehensive approaches to solve the Guiyu dilemma

')%‘Jl_’.ﬁﬁj‘:}:/é\}éﬁ — > State-of-the-art 3R

* Used products reuse

* Components remanufacturing
* Material recycling

» Upgrading the recycling industry ———
* Restoring the environment

* Ensuring labor safety and hygiene
* Curing the victims

> Pollution prevention
* PCB
* lead

~— * QOther toxics

Tongji CE’s commitment to environmental restoration and industrial development of Guiyu

Fub e ERE e G F A BT R

. SERENESRS , FRSISHTEIWR

. EEERRSTET REEESEEL
PRR

. ECINEAENBERRESRIREITE , R
PR, AT, P EE, SEA
BESRGRRTE

«  Dr. bu undertook a number national and regional

research rams for Guivu’s environmental Du addressing at the grd_undbreaking
prog yu's en ceremony of WEEE centralized treatment

improvement and industrial development plant of Guiyu




Tongji CE’s innovation of food waste utilization

EREFHE REGHEAR L F LR X4

- BREREEFYLIEN ML , SR, AREERTZHNAE

« EFAFEEHREFARMSEXMRERIRATEE | ISR ERE
FOERCRIBTIIRMREIRR | walr W SoREs

* Food waste is a great challenge to China’s environment and food security. Tongji CE offers

an environmental-friendly and profitable solution




Food waste to insect protein innovation

B RFW R RE QL ER L B kg X403 Food wste-to-proten

* Food waste industrial chain transforming
food waste to insect protein (magmeal)
to high value-added products (e.g.,
medicine and health care) |

* Targeting on a market of 50 billion CNY,
climbing up the value chain

Medicine

Health care

Food

Ascending value chain

Animal feed

Food waste Magmeal Husbandry feed
collection transformation

Advantages of Tongji CE’s food waste technology
»’éﬂ&—ﬁ-% B REAHLGEREY
EEEFYERMAIBAE-CRRER , BR
EEIrﬂfﬂﬂljj_ﬁ_‘mﬁﬁﬁﬁﬁ_nnﬁ‘%&nn
- FR "2 B
- 958 "%" oIS
- R R BiINE
. ﬁﬂ?%ﬁ*ﬂr{% "EBHRFRME" YER
Comprehensive utilization of food waste,
mlnlmlzlng poIIutlon hlgh value added




Case study 3, MSW (Guangzhou)

Guangzhou (Canton) City: A mega waste producer
KRPHRKBRES T, VA )‘l'li‘m'f'
SiEtuil (MSW)

SBIALHR (C&D) 18 kt/d ) TR (ind. waste) __
% 5500 m3/d 1 Y ﬁ 18 kt/d

5’3‘5)@ (SIUdge
830 t/d ’
I L
PP # (dead animals) &
100 t/d ol ;
‘¢ Z(@ (manure) E7EY (medical waste) 8
é - 3 kt/d FLik (garden waste) s ’7 49 t/d
490 t/d A A

R B e e R s A A A AR e R
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Mobilization of government, enterprises, and academia to save
Guangzhou from solid waste seige

KEZHY S, AR E R

Professor of Waste (Du)

‘Mayor of Waste (Chen,
center), and

'CEO of Waste (Guan,
right)

Photographed in March, 2013

Integrated MSW solution: Thoughts and objectives
JMBRTERYRBRE—FUBERTR: SRA DR

Long-effective waste sorting and L‘J»HH':TE%~ 2RE&5, Eibs(E. ; |
HHeEniE” ARN , BERERLT
management system that 1PN GelEiea i S me =T g =01 218
: #l , BRXotnEbSEWRIENE) ,
* Participated bv th bli {BkAR s SR RERD TAEPIFIBATFERI ) 0Fr
ArHeIpaTea by Hhe PERIE CR LIRS KRS B | 2
* Operated by enterprises, and 881, BREHIDIRE.

* Facilitated by NGOs

T RIS R R




Integrated MSW solution: Planning
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Key element 1 of Guangzhou solution: Market-oriented, community-
based waste sorting promotion center
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Key element 2: Urban minerals trading platform and governmental
subsidies and supervision

K2 WFH &R B PO RBHANE & B BALH]
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Key element 3: MSW information management system
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Key element 4: Waste management sites, infrastructure, and policies

x44: PRREEBRARRE

WM
Hawi. 3N
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Major Innovations @) g E SRy SR
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Integrated solution for waste sorting
and reduction

et o B TRE EFIOT
W | Dsmans B
Y

Market-oriented, community-

® E:.ijéﬁﬁﬂgiﬁf based waste sorting center
THIRSE S5 g @ BESTRITFBIE M)

Bt e

BUMRERR [° oo SHENSERRAGD
FIRITTTE ;-z:m” m SEE RS EL

Urban minerals trading system

VA Ay sAVALYY ;"‘Hj aa ?P;fﬁfz«
R A HbE s.-.

Advanced IT system




Summary
INEE | |
- BEENBEIITRHAERL IR ER AR I E RN T SR
EERE. 72BN MERLMTDRHE—AMUERE
- ERTTRAR SRR POV SL T BRI R B | IR
e EFEEFEEIK R B TIF
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- BN T3S se SRR | TERETREREMSNETE
TERLRIRS D SR IR IX B AL |
. Long-effective waste sorting and management system developed
in Liwan District of Guangzhou City, being transplanted to other

Thanks!
PREAIR 7B iR

Limited Resources
" Long-lasting Recycling




World Recycling Forum 2017, Macau, China

Waste Oil Recycling and
- Challenges in China

Duan Weng*, Qi Song
School of Materials Science & Engineering, Tsinghua University

Email: duanweng@tsinghua.edu.cn
(2017-11-15)

= Lubricants Demanding and Production

= Waste Oil Recycling Technology

— Global Demand for Lubricants

{364 3565 357 354 361 365 369 35 35 345 351 35 353 354 356 357
322

Demand in million metric tons
s 7 ¥ X 8 ¥
1 {f s+ 1 4

th
[ -

o
[

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2016
Year

> Global demand for lubricants from 2000 to 2016 maintains stable.

[1] hitps:/fwww.statista.com/statistics/411616/iubricants-demand-worldwide/




= Forecast of China’s Passenger Car

EVOLUTION OF CHINA'S PASSENGER CAR MARKET
MILLIONS 2000 - 2014 ACTUAL, 2015 - 2020 FORECAST
50

40

30 ' " USED CAR SALES

20

10

NEW CAR SALES

SOURCE: pH REPORT ANALYSIS: DATA, CHINA AUTOMOTIVE ASSOC, MINISTRY OF PUBLIC SECURITY
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By Victor Li in WRF 2016

= Lubricants Production in China
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2009 2010 2011 2012 2013 2014 2015 2016
Year

» These four years, lubricants production in China has beome stable.
> After 5000 kilometers’ running, lubricant need to be changed.

» Recycled lubricant is less than 20% of the waste oil.

[1] http:/fwww.chyxx.com/industry/201706/528177.html.



= Waéte Oil Recycling Technology

Waste oil

v

Filtration
Solid particle removing

+

Dewatering
Defueling

v

—  Water
—— Light hydrocarbons

Deasphalting

Chemical
- sulfuric acid

Physical
- salvent extraction
- thermal de-asphalting
- thin film evaporation

—— Asphalt flux

I Lube oil distillate

Finishing:
- clay treatment
- hydrofinishing

v

| Fractionation

¥ ¥ \

Components of Base Oil

Fig. 1 The rerefining process of the used oil

» The recycling of waste oils can he
accomplished with three methods:
used oil reprocessing,

reclamation and rerefining.

> reprocessing and reclamation —

low quality — heating and fuel oils

» rerefining — high quality — base

oils

[1] Kupareva A, et al. Journal of Chemical Technology & Biotechnology, 2013, 88(10):1780-1793.

—> Acid-clay Rerefining Process

H3S0y s

Clay ~——eeetr

Waste oil

¥

Dewatering and removal of

—_— Water

light hydrocarbons —— Light hydrocarbons
+
Acid-finishing —  Acid sludge
v
Clay-finishing ——p  Usedclay
\d
Distillation —  GasQil

Components of Base oil
Fig. 1 Acid-clay rerefining process

> Low quality

> Low capital costs and simplicity of operations

[1] Kupareva A, et al, Journal of Chemical Technology & Biotechnology, 2013, 88(10):1780-1793.



=> Hylube Process

Ha Make-up Wastle oil

A ¥
Flash-separation — Residue
¥

Guard reactor

+

Conversion reactor

Demin water n

Sodium carbonate
;f Hot separator

H2 ! Cold separator l

;——-‘ Product recovery scetion y Fuel

¥
Base Qil

Fig. 1 Hylube process

> About 44% of the total used oil capacity goes to base oil production.

> Achieves more than 85% lube oil

[1] Kupareva A, et al. Jounal of Chemical Technology & Biotechnology, 2013, 88(10):1780-1793.

= Solvent Extraction Process

Waste oil
| Dewalering lml- Water
+
| Vaguum distillation — Light
7 hydrocarbons
_ Water steam | Absorbtion ]_“ C:
?’“ Solvent (NMP) : Raflinate
+ Extraction —n
) e
Extract ¥
Separation Raltinate
TEeov
Secondary drum idd
rallinate ¥
th'eull
§ Extract
Extract
reCovery
Solvent 1 l
Extact Base Oil

Fig. 1 MRD solvent extraction process using N-methyl-2-pyrrolidone

> High quality

» The average base oil yield within the process is about 91%.

[1] Kupareva A, et al. Journal of Chemical Technology & Biotechnology, 2013, 88(10):1780-1793.



= Demo——Dongying Guo’an Chemical Co., Ltd.

Used oil Based oil

Heavy oil Diesel ol

» Technologies: solvent extraction, thin film evaporation, hydroprocessing......

[1] http:/iwww.sdguoan.cr/

= Three Steps of Hydroprocessing

8
1. Distillation column 2&3. Evaporator 4. Circulating pump
5. Condenser 6&7. Product receiving tank 8. Vacuum pump

Fig. 1 Distillation flow chart

» Removing water, metals and mechanical impurities



= Three Steps of Hydropi‘ocessing

1. Metering tube 2. Metering pump 3. Adsorptive Reactor

Fig. 1 Adsorption flow chart

» Removing most asphaltene and a few metals remained after distillation.

= Three Steps of Hydroprocessing

® ®

o Exhaust

w W

1. Pressure regulator 2. Metering tube 3. Metering pump 4. Reactors

5. High-pressure separator 6. Low-pressure separator 7. Gas flowmeter

Fig. 1 Hydroprocessing flow chart

» Removing sulfur, oxygen and nitrogen in base oil.
> Saturating alkenes and arenes.

10



= Summary

» Compared with the large amount of waste oil, recycled lubricants is
still very few. It is necessary to develop new technology to dispose
waste oil.

> Various technologies have been applied to regenerate waste oil,
such as solvent extraction process, hydroprocessing and thin film
evaporation.

» Among these technologies, hydroprocessing is one of the most
attractive method, giving product oils of high quality. It can achieve the
highest oil conversion and yield and has been successfully used in
industry.

Thank You for Your Attention!

IN ToucH WITH TOMORROW
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umicore

Precious Metals Refining

Increasing complexity

in autocat recycling

Thierry Van Kerckhoven, Elwin Meng, Dennis Fontijn, Colton Bangs
Electronics & Cars Recycling WRF
November 14 — 17, 2017, Macau, China

. ®
Introducing Umicore s g

A global materials technology and recycling group

One of three global A leading supplier of key The world’s leading
teaders in emission control materials for rechargeable recycler of complex waste
catalysts for light-duty and batteries used in portable strearns containing
heavy-duty vehicles and slectronics and hybrid & precious and other

for all fuel fypes electric cars valuable metals




Agenda e

»

Diesel Particulate Filters (DPFs)
DPF market size

DPF recycling at Umicore

* Conclusions
. . . umicore
Developments in EU light duty diesel s el g
Exhaust systems are becoming more complex
Euro 1-3 Euro 4+5 Euro 6b Eure 6d
HCI/CO conversion  + particulate aftertreatment  + NOx afterireatment + real driving emissions

— PGM-free DPF

Complexity increases

Source: Umicore
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Focus on Diesel Particulate Filters (DPFs) s

Material characteristics depend on vehicle class

Vehicle class Substrate Unit weight PGM loading

Light Duty + SiC 2-3 kg >10g/ft3
(Class 1-2a) * AT

Medium Duty + SiC ~8 kg ~5 gfft3
(Class 2b-3) + AT

Heavy Duty » Cordierite 10-13 kg ~1 g/ft3

(Class 2b-8) *+ AT
+  SiC

Photo source: FHWA

Info source: Umicore estimales SiC = Silicon Carbide_, AT = Aluminium Titanate, Cordierite = Aluminium Silicate

DPFs introduce recycling challenges ot .

Linked to substrate material and PGM-content

1. DPFs use different substrates
+ Traditional autocats (TWC, DOC): cordierite
« DPFs: SiC, AT, cordierite

2. SiC-DPFs are 2-3x heavier

3. SiC-DPFs can complicate the smelting process in
recycling due to high carbon content

. SiC (top), cordierite {others})
4. Not all DPFs are PGM-coated, examples: Proto source: Umicare

« Early DPFsin EU
» More recently SCR-DPFs in EU and US



. @
DPF technologies and PGMs ol b

Catalyzed DPFs are PGM-containing (left)
SCR-DPFs used for NOx control are not PGM-containing (right)

umicore

Ag e n d a Precivus Metals Refining

Diesel Particulate Filters (DPFs)
DPF market size
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Light duty diesel production

Growing DPF market driven by vehicle production and regulation

U.S. EPA 2007
DPFs mandatory for
on-read vehicles

NN
o N

U.8.
First PGM-free
DPFs .

Million Vehides
=
[+

@

umicore

Piecious Metals Refining

i6

14

12 e, e i NN iR

10
g
4 Et) EURC4 EURO 5 EURO &/
PO FirstDPFs  DPFsadopted.  DPF mandatory, PGM-free DPF begin
0 putenmarket  not mandatary 100% are PGM-coated  increasing

LSS PP E TS

WS Europe tucand Greater China Sl Japan/Korea il Middle East/Africa ki North America
N South America S SOULH Asia ——West + Cantral Eurape =—@=Total Diesel

Source; IHS (Apnil 2017}, Umicore

SiC-substrate autocats put on market
Metric tons SiC-DPF in EU and US

EU (metric tons}
20000
18'000
16000
14'000
12'000
'coe -
8000
£5'000
4'000 -
2000

2000~

mHOV SiC-DPF

o

OM PGM-coated
W EDV/MDV SiC-DPF POM non-PGM-coated
W LDV/MDV SiC-DPF POM PGM-coated

Source* Umicore estimates

20'000
18'000
16000
14000
12000
10000
&'000
6’000
4'000
2'000
0

US (metric tons}

umicore

Precious Metals Refining

2000 -

g

= HDV SiC-DPF POM PGM-coated
X L DV/MDY SiC-DFF POM non-PEM-coatad
=B LDV/MDV SiC-DPF POM PGM-coated




SiC-substrate autocats at end-of-life e bt i

Metric tons SiC-DPF in EU and US

EU (metric tons) US {metric tons}
ZO‘DOD AR & AL RN L 18 L § IR AR A8 LR i 20'900 e An) A B ke R 8 it St BRSBTS MR R A8
16000 16'000
14'000 14'000
12'000 -~ 12000
14'000 10'000
2'080 8'000
6'000 6'000 s
4000 - 4'000 e
2'000 2060 ‘
D e e A S S . B n . O 0 H 0 r i t ¥ i H H v T T y " T 0 n O i
W HOV SIC-DPF EQL PGM-coated m HODV SiC-DPF EOL PGM-coated
W LDV/MDV SIC-DPF EOL non-PGM-toated W LDV/MDV SiC-DPF EOL non-PGM-coated
M LDV/MODV SIC-DPF EQL PGM-coated R 1DV/MDV SiC-DPF EQL PGM-coated
Source: Umicore gstimates
’ -
. . . umicore
Market sizing observations s s g

End-of-life DPFs are growing rapidly

+  We are in a period of steep growth for SiC-DPF recycling with increasing tonnages reaching
end-of-life (though not all are available for recycling)

« EU end-of-life tonnage of light duty SiC-DPF should eventually peak af around 15 ktfy (33
Mlbs/y) and then PGM-coated material for recycling will decline due to the current switchover
to SCR-DPF

» US end-of-life tonnage will be significant but lower in PGM-content because it is mainly driven
by medium duty, however less PGM-free DPFs are expected compared to EU

» Gasoline particle filters have just entered the market and so will become available for recycling
in a decade
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Umicore’s refining offer for DPF catalysts s

Our process flexibility allows for significant SiC intake

* Umicore Precious Metals Refining has
been refining spent automotive catalysts
for decades

= Qur high flexibility in processing complex
materials is now increasingly applied to
SiC-DPFs

»  Umicore’s suppliers benefit from:
+ High tolerance for carbon content

« Acceptance of mixed autocat lots
(no pre-separation required)

» No change in recovery rates,
sampling & assaying and
environmental performance




Refining @ UPMR

Our process in a nutshell

Recyclables

i B

Industrial
by-products

Refining @ UPMR

Recyclables

Electronic Scrap

e.qg.
mobile phones

printed circuit
boards

Spent Automotive

Collector meta!s

Pt, Pd, Rh...

Spent Industrial
Catalysts

industrial catalysts
from oil refining &
petrochemical
industry

umicore

Precious Metaks Relining

@ @ (ﬁ% A B

17 different
metals

N
OO

umicore

Precious Melals Refining

QL& s =

Ag, In, Se...

Other precious metal
hearing materials

l

e.g.
fuel cells

photographic
residues



Refining @ UPMR

Industrial by-products

WET

LUMPY/
METALLIC

DUSTY/
FREE-
FLOWING

Pb |Zn Cu

Trad neg e

e.q. lead
sulphate

e.g. drosses e.g. mattes

e.g.fine e.g. complex
drosses concentrate

Refining @ UPMR

Sampling & assaying

Extracting a small representative quantity frem
tonnes of a material

Dedicated processes for all raw materials, using
material-specific procedures

Secured area
About 200 people
+{- 8,000 lots/year

umicore

Preclous Metals Refinlng

Ni PGM Precious Metals

e.g. fiter
cake

a.4. slags 8.g. impure

butlion

e.g. flue dust

. O
umicore

Precious Mietals Reflining

High aceuracy delermination of metal content down
to patts per million

Recognized leadership in the precicus metals
industry

State-of-the-art analytical equipment

+ 100 people
70.000 samplesfyear
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We support throughout the process e A dq &

* Logistical and tax assistance

* Clear individual metal accounts
reflecting all results of the metal
transactions

* Physical return or repurchase
of refined metals

» Risk management through forward
pricing, limit orders and other solutions

» Special services such as regular metal
statement, metal account transfers, ...

umicore

Umicore key strengths
For autocat recycling and more...

Flexibility

Sampling &
assaying

High metal

recovery

Innovation

Material compositions & complexity -
our flexible process allows us to treat the widest range of
materials in the industry and respond to market conditions

Accuracy & transparency —
our robust process for determining customer return is trusted
throughout the industry and is used to optimise processing

Efficiency & impurity management —
our unigue and complex flowsheet enables a highly efficient
recovery of PGMs from both primary and secondary sources

Technology & environment —
our focus on continuous optimisation and new process
innovation opens doors to the recycling markets of tomorrow

20
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ConCIUSionS Fracious Metals Refining
Increasing complexity requires specialized refiners

* The market for DPF recycling is expected to grow sharply in the next 3-4 years

» DPFs will “contaminate” the autocat recycling stream for years to come, bringing
new materials such as SiC into recycling processes

* In the longer-term, PGM-free DPFs will increasingly enter the recycling chain
bringing additional challenges to recyclers

+« Umicore is well-equipped to handle the added complexity that DPF brings to the
autocat stream and will continue to offer its competitive refining terms
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