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3 billion new middle class by 2050







Supply Interruptions by 2015?

Forecast Supply and Demand for Selected Rare Earths in 2015

: Demand @ Suppl
N 180,000tpa REO 208,500tpa REO

Cerium 63-68,000t REO 80-85,000t REO
Neodymium 35-40,000t REO 30-35,000t REO
Europium 725-775t REO 575-625t REO
Terbium 450-500t REO 375-425t REO

Dysprosium 2,500-3,000t REO 1,600-2,000t REO

Source: IMCOA, Roskill Information Services Ltd



Elements in a Mobile Phone

Cell phone
composition

mostly
contained

g 2 Roughly 40 different elements

< boards w;
= H, Li, Be, C, N, O, F, Al, Si, S, Cl, | __
2" K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, ——l
sews 2N, Ga, As, Br, Sr, Y, Zr, Ru, Pd, EEOV |

sewes A, Cd, In, Sn, Sb, Ba, Ta, W, Pt, 1TT.

Au, Hg, Pb, Bi, Nd.

Plastics 50%

I‘

NN ‘,’
Coppor 18%- mobile phone weighing 100 /‘] FeE |
grams, contains
o 13.7 g of copper ‘D@
0.189 g of silver
CLC?""E:':: 0.028 g of gold
Fomus;‘:;t;j%: _:::igg: Zne 0.014 g of palladium
cver . S5

'05% Lead

Source: Basel Convention, 2006; Lindholm (Nokia report), 2003



Secondary Metals

Lithosphere

Source: British Geological Survey
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Criticality of the Elements

Limited amount on the planet

Being used in dispersive technologies

Rapid growth in use due to technology application
Growing global middle class (300m pa)

Method of obtaining is disproportionately
damaging to environment

Avallability a geopolitical issue (political instability)
Lack of recycling — technical and/or infrastructure




Concentration of critical minerals
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Platinum Group Metals “ »

Canada
Cobalt

India
Graphite

\ Japan

. . Indium
i

! China
. Antimony
Beryllium
Fluorspar
Gallium
Graphite
Germanium
Indium
Magnesium
Rare earths
Tungsten

USA N ",

. Bewlliuw

MexicoA{i ‘ ‘,
Fluorspar ~

Brazil

Niobium
Tantalum

Democratic Republic of Congo

South Africa Cobalt
Platinum Group Metals . Tantalum

Rwanda g

Tantalum
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What we need to do....

Reducing the overall environmental impact, whilst maintaining or
improving economic, technical and social performance

from plant/product to whole life cycle
from process and product to service

from unit operation to whole system




Towards The Circular Economy, Ellen MacArthur Foundation (www.thecirculareconomy.org)



Resource Extraction =2
Resource Recovery
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Resource Extraction =2
Resource Recovery
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micore metal recycling plant, Hoboke A



Energy Generation/Supply =2
Energy Efficiency
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Energy Generatlon/SuppIy 9
Energy Efficiency | .
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Manufacturi ng"ji. roducts—>
Managing Cycles

Desso, Waalwijk, The Netherlands
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Retail=> Service Provjsion

fatimated Cont

Time Feb B £00F

Location

first Street Garage

Description




Waste Management%
Materlal Management &
Reverse Logistics

Wlthln 6 months of purchase -f‘;;;;.
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Waste Management—>
Material Management &
Reverse Logls

Van Gasenwihkel, Rotterdam



4Rs

Reduce
Reuse
Recycle

Replace

Less material or energy for the same delivered
effect

Enable the recovery of a component or
material to deliver the same effect again

Enable the recovery of a material to be re-
processed with no loss in value

Substitute with a material, process or business
model that delivers the same effect in a better way




Reduce

TURNTO 3®@°

AND HELP KEEP THE WORLD'S ; 0
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Reuse/Remanufacture

mwtadge ranster  etworks
m Mﬂm nnovaton;
4 Tethnology Strategy Board programme



Source: Dow SafeChem(R)




Future Recycling Opportunities










Carbon Footprint

« Unilever’s carbon footprint

! Unilever l Distribution of 1 Consurmner use and

I Sourcing

Agricultural operations products disposal of products
raw raterials  Factories, From factories Energy to heat water for
Chermical raw  travel and to point of sale showering, laundry and
materials buildings dishwashing

Other, such Energy for cooking

as seryices Waste disposal




Lifecycle Analysis
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0 500 1000 1500 2000 2500 3000 3500 (Joules per litre of milk)
Primary production High primary
Transport to dairy \ production impaCt:
\ — electricity
Dairy used in
S milking
Packaging \
— fertilizer
Transport to retailer \§ used in feed
= roduction
Retail refrigeration \\_ P
\\
Transport to home \\I Variation in

packaging impact
depending on
type of material

Home refrigeration

Source: DEFRA




What are we delivering?

nowledge ransfer etworks
Acceieraling DUSINRSS Mrovaton)
4 TeGhnology Strategy Board p




Image: Johnson Matthey
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Power by the Hour

Source: Rolls Royce



Future Business Models? Interface FLOR
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‘Today's problems cannot be solved if we still think the way we thought

when we created them’
Albert Einstein

Email:  mike.pitts@ciktn.co.uk
Phone: 01928 515501

Twitter:  @pittso
Web:  www.chemistryinnovation.co.uk/stroadmap
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