Eleonora Polo, CNR-ISOF
When will we run out of metals?
Scenarios and perspectives

—————

=

. RawlViaterials - This activity has received funding from the European Institute of Innovation and
ert Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
R M @ SC h 0 0 I S Framework Programme for Research and Innovation




1A
Periodic Table of the Elements
m Alomie Mass
UL L [T ——
Na Solid, Liquid or @uz

Sl

3 kS 5 6 7 8 9 10 1 12
B @ 3 @ ™ ? 1 s

UIS6 20 4TM D3 SASZ o4 S1S% D5 S4B g  S5M5 37 54913 pg  SRES) pg AN 30 65383

Sc'l'iVCrMnFeCoNiCuZn

indium Titankum Vanadium  Chromium M:nrmu Iron Conan Nickal
a0 P L3 802 o 282 M2 2mm2 il 2 1 ll-!

S Wiietad wmsted e wagdes’ Wade et adtes mead'ta? Wae et

Y_ZrNbMoTc_RthPdAng
Yttrum Palladium

Zirconmm Technetum  Ruthenium
aun ll"!l wu 2w amsy eWe nwn Tamw swn:
pupastial sl T Doaded Jusac’i! ot R A et potdaOset

72 VTR43 73 TS 74 UABA 75 18297 76 1021 77 10217 78 195085 79 195367 gQ
Hf [ Ta | W [ Re [ Os | Ir | Pt | Au
m“.‘l m m m 2;”.‘:"1“ lml mg‘. ’I%‘l man
T’ Deese? it peatisfed  oisde’  owatiseed | foullidnl el .
104 P11 105 SN 106 Pl 107 P4 108 PN 109 A 110 PN 111 B 112 BT
Rf | Db | Sqg | Bh | Hs | Mt | Ds . Rg | Cn

:-ﬁ"é‘f.":"' Bt P R A e R e i EAER
L L L enMetn® | pentidogOn

RawlViaterials This activity has received funding from the European Institute of Innovation and
h I Technology (EIT), a body of the European Union, under the Horizon 2020, the EU

R M @ S C Framework Programme for Research and Innovation



HE UNI

INTERNATIONAL YEAR OF TH

ED NA

IONS PROC

AIMS THE

E PERIODIC

TABLE OF CHEMICAL ELEMENTS

28 December 2017

]

i:

<

™ e >
- -y s "
3 N S
Aomw K
A e s
e oo -
. ,o b
. . ’
. N d
U 2 0 L QP
£ L300
-’ . »
e Ow 1,
® AN s
K] .
L a3 a.m
famw  Sodv
fo® s
. A
LT
.""‘

RawNaterials

&

RM@Schaols

=

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
Framework Programme for Research and Innovation




'S
¥ ~ .
. o,
> .
]\
4. 5
e -
f
4

August 1 is
Earth Overshoot Day .
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If we could postpone the Overshoot Day of 4,5 days a
year, we could reach balance 0 within the year 2050.

What can we do?

1 Rationalize the uptake of non-renewable
resources: minerals and metal ores, fossil fuels
(coal, petroleum, natural gas), and minimize

wastes
d Repair and reuse as much as possible
O Properly recycle urban waste

Framework Programme for Research and Innovation
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A child born today in the United States consumes on average:

14 876 kg of salt

239 994 kg of coal
494 415 kg of rock, sand, gravel
...during the whole of his life. What gives the total of 1342 632 kg

or 1 343 m3 of minerals, metals and fuels. It is more than 17 tons
per 1 person/year

Source: Mineral Information Institute — www.mil.org
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Elements widely used in energy pathways N.B. Position on the time axis is indic ative only

Framework Programme for Research and Innovation

. RawlViaterials This activity has received funding from the European Institute of Innovation and
ert R M @ SC h Technology (EIT), a body of the European Union, under the Horizon 2020, the EU




Who is «clearing» the periodic table?

1 Remaining years 2

H until depletion of He
100794 known reserves 4002602
3 A (based on current rate of 5 6 7 3 9 10

B} extraction)

Li Be B C N (0] F Ne
6,941 9012182 _ 10.811 120007 14.00674 15.9994 1899840 20.1797
11 12 50-100 years 12 14 15 16 17 18

Na Mg 100-500 years Al Si P S Cl Ar
2298977 243050 2698153 28,0855 3997376 32.066 354527 39948
19 20 21 22 23 24 27 34 35 36

K Ca Sc Ti Vv Cr Co Se Br Kr
39.0983 4495591 509415 51.9961 5893320 78.96 79.904 83.80
37 42 52 53 54

Rb Mo Te | Xe
854678 9594 127.60 1269044 131.29
55 34 85 86

Cs Ba La* Po At Rn
1329054 137,327 1389055 (209) {210) (222)
87 88 89 116 117 118

Fr Ra Ac¥ Lv Uus | Uuo
(223) 226,025 (227) (292)

58 59 60 61 62 63 64 65 (773 67 B8 69 70 71
Lanthanides * | Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1409077 144 .24 (145) 150.36 151.964 157.25 1589253 158.9253 162.50 164.9303 167.26 1689342 173.04 174.967
90 91 93 94 95 a6 97 98 99 100 101 102 103
Actinides¥ | Th Pa Np Pu | Am | Cm Bk cf Es Fm [ Md | No Lr
2320381 231.0289 (237) (244) [243) (247) [247) (251) (252) (257) (258) (259) (262)
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What will we finish first?




UE Critical Raw Materials Third review

Critical Raw Materials

Antimony Fluorspar [LREEs | Phosphorus
Baryte Gallium Magnesium Scandium
Beryllium Germanium Natural graphite Silicon metal
Bismuth Hafnium Natural rubber Tantalum
Borate Helium Niobium Tungsten
Cobalt HREEs PGMs Vanadium
Coking coal Indium Phosphate rock

European Commission, Report on Critical Raw Materials and the Circular Economy,
16/01/2018
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REE (Rare Earths Elements)
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REE (Rare Earths Elements)
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PGMs, Platinum Group
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Supply risk

eit

The EC criticality methodology

'

Economic importance
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Supply Risk

SR threshold (1}

0.0

Economic importance and supply risk results of 2017 criticality assessment
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DUE Critical Raw Materials (2017)

Natural Fworite
: Vears loft until denlet graphite o | | Phosphorous
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Why a material becomes critical?
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1. Low abundance on Earth's crust

T 2019@;;: The 90 natural elements that make up everything
= IYPT-T:2

How much is there? Is that enough?
United Nations . International Year
Educational, Scientific and - of the Periodic Table
Cultural Organization . of Chemical Elements

Serious I:l Rising threat Limited . Plentiful I:l Synthetic . From conflict Elements
threat in the from availability, Supply minerals used in a
next 100 years increased use future risk to

supply

smart phone

Read more and play the video game http://bit.ly/euchems-pt

j &: EuChemS
[@tm:']l This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society




Abundance of some chemical elements on the Earth’s crust (ppm)

Alluminio 84.149 Niobio 8
'Ferro . 52.157 Torio | 5,6
Magnesio 28.104 Arsenico 2.5
Sodio 22.774 Stagno 1
Titanio 4.136 Uranio 1-3
‘Manganese 774 Tungsteno 1
Fosforo 567 lodio 0,71
‘Bario | 456 Tantalo 0,7
Zolfo 404 Lutezio 0,3
Stronzio 320 Antimonio 0,2
Cromo 135 | Cadmio 0,08
Zinco 72 Argento | 0,055
Rame 27 Mercurio 0,03 S
‘Cobalto | 26,6 Palladio 0,0015| £:
Nickel 26,6 Platino 0,0015 £&
Lantanio 20 Oro 0,0013 °§§
Litio 16 Rutenio 0,00057 £%
'Piombo | 11  Iridio | 0,000037 2%

This activity has received funding from the European Institute of Innovation and
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2. Deposits are localized in one or very few countries

Framework Programme for Research and Innovation
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Figure D: Main EU suppliers of CRMs (based on number of CRMs supplied
out of 37), average from 2010-2014

Nigeria 3% Finland 3%
Norway 3%
Turkey 3%

Kazakhstan 3%

Morocco 3%

Indonesia 3%

France 3%

Brazil 3%

Mexico 3%

USA 3%
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Contribution of primary global suppliers of critical raw materials, average from 2010-2014

Russia
Scandium 67%
Tungsten 50%
Vanadium 60%
- .

Finland
Cobalt 66%

o
Norway
Siliconmetal 23% / ’

France
Hafnium 43% "'

USA

Erbium 40% . 90%
Helium 51% Morocco - 44%
Samarium 40% ' Phosphate rock 27%’ 84%
Turkey 62%
Mexico Borate 98% s Dysprosium 40%
Fluorspar 27% Europium 40%
Gadolinium 40%
Kazakhstan Gallium 36%
Nigeria Phosphorus 77% " Germanium  43%
Tantalum 43% \ "4 Holium 40%
lndonesla Indium 28%

0,
Brazil Natural rubber 32% ti?;rii?:m :802
Niobium 71% Magnesium 94%

Natural graphite 69%
Neodymium 40%
Praseodymium 40%

Terbium 40%
Thulium 40%
Ytterbium 40%
Yttrium 40%
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EU production of primary CRMs in tonnes (and share of supply to EU), average from 2010-2014

UK Netherlands

Baryte 33 819 (5%) | Vanadium 220 (2%)
Coking coal 2632 400 (<19%) :
Fluorspar 34 684 (4%)
Vanadium 277 (3%) =

Germany

Baryte 5 5874 (9%)
Coking coal 5713 600 (9%)
Gallium 25 (26%)

Natural graphite 179 (<1%)
Silicon metal = 29 519 (5%)
Vanadium 168 (2%)

Czech Republic
Coking coal 4 936 774 (8%)
Vanadium 5 (<1%)

Austria

Natural graphite 382 (<0%)
Partugal Tungsten 403 (8%)
Tungsten 843 (17%) Vanadium 25 (<1%)

'8 (<1%)
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The rare earth crisis
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B China
[l United States

160000 -

:
|

Rest of world

Production, metric tons
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Prices of Metals 99% in US$/kg

[ China
[l United States

Rest of world

Production, metric tons

4 % q q q % q % 4 q
3 C C C ) C C C 3 C
% h 2, A3 -, b A - b 2y
Years

Metal prices development during the last 10 years for selected REE (Metal-pages, 2016).
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As Rare Earth Fell, So Did Molycorp

Mining company fate tied to neodymium prices

®China Neodymium Metal Market Price Shanghai (R1) ™ Molycorp Inc (L1)

-

L0.7M
0.65M
[0.6M
0.55M
L0.5M
0.45M
0.4M

-

-0.3M

2012 2013 2014 2015 2016 2017
Bloomberg @
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3. The extraction method is
dangerous and/or produces
pollution

Argentina, cyanide spill caused the
pollution of five rivers

fishes killed by a cyanide spilgl1



~=d

Production of 35% Pd, 25% Pt,
20% Ni, 10% Co of the world




Mountain Pass mine
(USA)

Rare Earth Production Comes With Toxic Waste

-
- r . i:}\

1 tonne REE

produces

e b\
T L b

60,000m®

of waste gas that contains

hydrochloric acid sewage water

Source: L. Hayes-Labruto et al. (2014)

200m? 1-1.4 tonnes

of acid-containing of radioactive waste

© China Water Risk
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Documentary by Guillaume Pitron, Serge Turquier (2012)
https://www.youtube.com/watch?v=C9SDUmEZZxk

| ASALE GUERRE
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INT
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The hitch-hikers

Primary metals and by-products

? of

Re

U

Schematic representation of the routes from ore to elements described in this handbook, indicating,
primary versus those produced as co- or by-products (adapted from Hageliken & Meskers, 2010).



4. Cannot be substituted in one or
: more technological application -

Li Be B C N (0] F Ne
41 63 41
Na Al Si P S Cl Ar
a4
K Ca Sc Ga Ge As Se Br Kr
65 38 44 38 47
Rb In Sn | sb | Te [ Xe
60 36 57 38
Cs Ba Bi Po At Rn
63 : 46
Fr Ra Uut Fl Uup Lv Uus Uuo

‘ Ce Pr Nd Pm Sm Ho Er Lu
Lanthanides 60 a1 a1 38 63 63 63
Ac Th Pa 8] Np Pu Es Fm Lr

** Actinides 35 63

Substitute Performance

Excellent (Y | . | | .|  |"SNSNINN Poor

0O 10 20 30 40 50 60 70 80 90 100
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Demand Surge
Global metals and materials demand from EV lithium-ion batteries

B Graphite B Nickel Aluminum B Copper [ Lithium [ Cobalt B Manganese

2500K Tons

1 1 1
2015 16 177 18 '19 ‘20 ‘21 ‘22 ‘23 24 '25 ‘26 '2Zr ‘28 '29 2030

Source: Bloomberg New Energy Finance

Bloomberg
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ELEMENTS OF A SMARTPHONE

ELEMENTS COLOURKEY: @ ALKALI METAL @ ALKALINE EARTH METAL TRANSITION METAL @ GROUP13 @ GROUP14 @ GROUP15 @ GROUP16 @ HALOGEN @ LANTHANIDE

SCREENO OELECTRONICS

Copper is used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical components are
fashioned. Tantalum is the major
component of micro-capacitors.

In

Indium y

50

Sn

59 63

Pr Eu

Praseodymium | EUropium

Li

Lithium

6
Carbon ] Aluminium

Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conducts electricity. This allows
the screen to function as a touch
screen.

The glass used on the majority of
smartphones is an aluminosilicate
glass, composed of a mix of alumina
(ALO,) and silica (SiO,). This glass
also contains potassium ions, which
help to strengthen it.

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
in the smartphone’s screen. Some
compounds are also used to reduce
UV light penetration into the phone.

Nickel is used in the microphone as well
as for other electrical connections. Alloys
including the elements praseodymium,
gadolinium and neodymium are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used in the vibration unit.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regions,
then other elements are added in
order to allow the chip to conduct
electricity.

Tin & lead are used to solder
electronics in the phone. Newer lead-
free solders use a mix of tin, copper
and silver.

The majority of phones use lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the
negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.
The battery’s casing is made of aluminium.

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference.

Silicon

Arsenic

Oxygen

Phosphoru

Tin

Carbon

35

Br

Bromine

Antimony

Lead

@ © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence
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SO Medium-high risk:
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One 3-MW turbine contains

335 tons of steel 2 tons of rare earth elements
4.7 tons of copper zinc
1,200 tons of concrete molybdenum

(Cement and aggregates) Source: (NW Mining Association)
3 tons of aluminum.
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Defence @

r‘i‘ CD/DVD
0 @
Guidance &

Displays Control iPod Speakers
Smartphone
—a 7 = ) ( e
+ 7 -
@ @® T
Cordless Optics Energy Saving  LCD/ PDP Screens Wind Turbines Hybrid Vehicles Automotive  Digital Camera  Earphones Magnets Rechargeable
Power Tools Light Bulbs Catalysts Lenses Batteries
Pr 1] o oy [ v [Eu] o} v [Eu v [CollEsfm Pr a0y Prnafsn ooy DRED Pr | | o R r [wa al 7o [ o L2 ce |
Pr Nd Y Eu Y Eu Y Ce Pr Nd Pr Nd Sm La Ce PrNd Pr Nd Gd La Ce
TbDy Tb Eu Th Dy Tb Dy Pr Nd Gd Tb Dy

GSDy STHO

Dysprosium Halmium

Light Rare Earth Elements (LREE)
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5. Recyclig is absent, insufficient or difficult

End-of-life recycling input rates (EOL-RIR) in the EU-28 (CRMs and non-CRMs)

End-of-life recycling input rate (EOL-RIR) [%]

B - so%
N > 25-50%
> 10-25%
N 110%
B 1%

'Group of Lanthanide

“Group of Actinide

* F = Fluarspar; P = Phosphate rock; K = Potash, Si=Silicon metal, B = Borates. 43



THE RECYCLING RATES OF SMARTPHONE METALS

COLOR KEY:

BATTERY O

@ < 1% RECYCLERATE @ 1-10% RECYCLE RATE @ 10-25% RECYCLE RATE @

EENO

TOUCH: INDIUM TIN OXIDE
Mainly used in a transparent
film over the phone’s screen that
conducts electricity. This allows
the screen to function as a touch
screen.

GLASS: ALUMINA & SILICA
On most phones the glass is
aluminosilicate glass, a mix of
aluminium oxide & silicon dioxide.
It also contains potassium ions,
which help strengthen it.

COLORS: RARE EARTH METALS
A variety of rare earth metal-
containing compounds are used
to help to produce the colors in
a smartphone’s screen. Some of
these compounds are also used
to help reduce light penetration
into the phone. Many of the ‘rare
earths’ occur commonly in the
Earth’s crust, but often at levels too
low to be economically extracted.

00¢

Most phones use lithium ion batteries, composed
of lithium cobalt oxide as a positive electrode
and graphite (carbon) as the negative electrode.
Sometimes other metals, such as manganese, are
used in place of cobalt. The battery casing is often
made of aluminium.

WIRING AND MICROELECTRONICS
Copper is used for wiring, and for
microelectrical components along

with gold and silver. Tantalum
is the major component in
microcapacitors.

MICROPHONES AND VIBRATIONS
Nickel is used in the microphone
and for electrical connections.
Rare earth element alloys are used
in magnets in the speaker and
microphone, and the vibration unit.

THE SILICON CHIP

Pure silicon is used to manufacture
the chip, which is then oxidized to
produce nonconducting regions.
Other elements are added to allow
the chip to conduct electricity.

CONNECTING ELECTRONICS
Tin and lead were used in older
solders; newer, lead-free solders
use a mix of tin, copper and silver.

25-50% RECYCLE RATE @ > 50% RECYCLE RATE @ NON-METAL (OR RECYCLE RATE UNKNOWN)

O ELECTRONICS

Magnesium alloy is used to make some phone
cases, while many others are made of plastics,
which are carbon-based. Plastics will also include
flame retardant compounds, some of which contain
bromine, and nickel can be included to reduce
electromagnetic interference.

O CASING
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Metal waste separation

NON-MAGNETIC METALS
(Al, Cu, color metals)

MAGNETIC =
NEODYMIUM CYLINDER

" NON-MAGNETIC
MATERIAL @
(plastics, wood, ...)
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Metal Recycle (%) | Energy saved (%) | CO, saved (%)
Steel 42 60 58
Aluminum 40 95 92
Nickel 60 90 90
Copper 35 80 65

|| Lead 74 98 99
Tin 75 98 99
| Zinc 20 60 76




Losses in the recovery chain

“* WEEE are not collected, everything ends
in a landfill

*+» WEEE are collected, but:

« Are stolen in municipal collecting points
or during the following recycling stages

* Are legally exported in developing
countries were recycling is not active

* Are collected for sham recycling
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‘*When WEEE collection is active, there are losses

in recycling due to:

*Wrong separate collection

*Losses in the mechanical treatment

clectrostatic
separating

metals
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*Technical limits for the
recovery of metals from several
alloys

*Miniaturization and use of
strong glues in circuits

Many plants recover only

metals with have an established
and profitable market
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E-WASTE

PLASVLECPU Materials
: recovered
HAMMERMILL
plastic
MUD
I
[FIGH DENSITY METALS] [HIGH DENSITY METALS go Id
Y
MAGNETIC [SEPARATION RECOVERl MACHINE .
‘ " MAGNETIC silver
, — METALS
(NICKEL, IRON) > {WASTE WATER Ph 0]
platinum
NON-MAGNETIC METALS Y
(COPPER & OTHERS) i
NEUTRA palladium
SULFURIC AQI [ist TANK RESTING MUD]
- 2nd TANK REACT COPPER copper
3rd TANK Ph 8 Cu(OH): a | um in um
[COPPER SULFATE LIQUID SOLUTION]
CRYSTALLIZATION i nickel
MACHHe DISCHARGEABLE
SALTY WATER Ph 8 -
iron

p——[WASTE WATER Ph 0} »
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Metals in waste

e S

Industrial waste, car Urban waste (cans, metal containers,
demolition, building, WEEE): a bit of everything, but are

big equipments recovered mainly aluminum, iron,
(mainly aluminum, steel, copper, nickel, zinc, lead, and
iron, steel) precious metals.
| R3
WEEE ; |
categories in | ’
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THE DARK SIDE
OF THE
SMARTPHONES

11 MILLION DEATHS
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Conflict minerals clampdown
The Securities and Exchange Commission has ruled that U.S.-listed
manufacturers such as Apple and Boeing must scrutinise the sources
of four metals to make sure they don’t help fund human rights abuses

ANATOMY OF A SMART PHONE

50 Tin aka stannum (Latin) 73 Tantalum from Tantalus

S Silvery, malleable metal that T (Greek mythological figure)
does not easily oxidize in air Rare, hard, lustrous metal.
Source: Cassiterite Tantalum jiqhiy corrosion resistant

Use: Circuit board solder and Source: Columbite-tantalite (Coltan)

battery anodes Use: Capacitors (electrical storage)

/\

Companies must make
“reasonable” attempts
to find out if materials
came from
Democratic
Republic of
Congo, where
mines are
supporting
violent
armed
groups

Back
plate

Screen

SIM card
uses gold
connectors

79 Gold aka aurum (Latin) 74 Tungsten from tung sten
Dense, soft, malleable metal (Swedish) meaning "“heavy
éuu W

Source: Nuggets or grains in stone”; aka wolfram

rock and alluvial deposits Tungsten ' (Gorman). Hard, rare metal
Use: Connectors — does not corrode  Source: Wolframite
in air like silver and copper Use: Vibration motor

Source: Wire agenices @ GRAPHIC NEWS 62



PASSION, PERSEVERANCE, COURAGE' . (o v
'THIS IS A VALUABLE FILM THAT NEEDS TO BE SBEEN' 11751 nw

BLOOD wm: MOBILE

IS THERE BLOOD IN YOUR POCKET?

|::~n:ﬂ o s

bloodinthemobile.com

Blood in the Mobile (2010) a documentary by Frank Piasecki Poulsen,
https://www.youtube.com/watch?v=Tv-hE4YxOLU






“Kids in Congo are being
sent down into mines to
die so that kids in Europe
and America can Kkill
imaginary aliens in their
living rooms or text each
other” (Oona King)
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Solutions?

Framework Programme for Research and Innovation
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a) Research of substitutes more easily available or of
innovative technological solutions

The person behind the
important revolutionary
discovery in this battery
industry is Mya Le Thai, a
Vietnamese-born graduate
student who is preparing to
earn her Ph.D. at UCI.

IN
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b1) Search of nhew mines, recover mineral wastes of old
ones, sift the oceans, ...

Map of CRM ore deposits in Europe

Legend

CRITICAL RAW MATERIAL
DEPOSITS OF EUROPE

Commodity

s (A0
Evarutn (et}
Borwec (5205)
Baryte (BsS04)

(based on the 2017 CRM list
of the European Commission)

Cotad {reetal)
G. Bertrana®, D. Cassard* and the &) i

Mineral Resources Expert Group** { 5 S—
; Galum (2l

" BRGM, Orléans, France
** EwocGeoSurvey, Brussels, Belgium Germmanem (et
Craghie
Hatvum (wetad|
o ead
Vegrest. ragnectrs V3003
Nsbwe - columbam (NB205|
Prooghaw (F205)
e eartn choments (RE20D)
Plsisan catnmds gwp weds
Artarory (vels)
Sosndar (nvind
Tarvaum [Ta200)
aredrs (rrwiad)

Watam (105

D§ HOPFPEN+O>COHOS 000>

© BRGM, EuroGeoSurvey, 2017

Sources Can, OEECO. NOAA, Nebona! Deograchic. Delome HERE. Ceonames org, and oier contsbetors
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b2) ... the Moon

* 4+ Wwater +.

There may be water on the moon brought there
by asteroids during collisions. And we are in need
of fresh water. NASA scientists found that in 37
aquifers of fresh water on the earth, 21 are past
the sustainability point. [*!

00000000
00000000

Precious metals

Rare earth ' . .+ Helium-3 + .

metals (REMS) Many precious metals are used in everything from

jewelry to smartphones to cancer treatments. lron,

nickel and cobalt may also be found on the moon. . _
This element is rare

on Earth, much more
. + common on the moon ’ ‘
’ and ideal for work in )

nuclear fusion. In recent
years due to demand, the

The fifteen lanthanides, as well - : )
as scandium and yttrium - used price of helium-3 can be as
In modem electroniés and much as $2,000 per liter.

mostly produced In China

PLATINUM PALLADIUM RHODIUM




b3) ... the asteroids

High Value Asteroid Materials

ASTEROID ELEMENTAL ABUNDANCE RELATIVE TO EARTH'S CRUST

o & VOLATILES AND H,0
& A o €9 tofuel the growth of

0:® ¢ D8 2 humanity into new frontiers

Potable Water v Agriculture
Radiation Shielding Fuel  Refrigerant  Metallurgy

INDUSTRIAL METALS
to construct and
sustainably service space
platforms

RU Rh Pd ‘ PLATINUM GROUP METALS

‘\:«4

\ — . to support demand growth on

@ Catalytic LCDs Advanced Cancer Earth

Converters matenals treatments

l.,.r

\‘, Despite desire to reduce dependency,
O OO =) EBNE)  one-in-four manufactured goods require PGMs.

~LANETARY




b4) ...urban minig

Urban Mining Process: Reclamation of valuable
raw materials and metals from urban waste streams.

C&D MsW E-Waste Tires
Landfill Construction & Municipal Electronic Waste Car, Truck,
Demolition Material Solid Waste & Appliances  Rubber Products
Wast-to- Was‘tt-to- Wox-to-
Organic Energy Material
Compost, Mulch Biofuels, Carbon Black Metal, Plastic, Rubber

Urban Mining Goal: Monetize urban waste streams
in order to produce revenue, businesses and jobs.

Restore
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c) Improve E-waste recovery and reuse

ALE] 56 %ﬂ%

fi—
RESOLD through vetted u
re-marketing channels c*:t‘\\ 3
DISMANTLED & SHREDDED&@&&\ é }‘

Consumed and eventually down to optimal size

REUSED or RECYCLED OBSOLETE electronics enter
& the RECYCLING PROCESS
§\{\
(0Y

All DATA is WIPED or Y
DESTROYED permanently ECS

A

i ’

fﬁ' o

~

ADVANCED SORTING

ECS receives electronics TECHNIQUES are applied

for REUSE & RECYCLING

V
/f/

S5
%, 0 7
TESTED for s —_—
functionality e
R\\\\ Q ‘ F Resulting in CLEAN
"R “ee SEPARATED COMMODITIES
o ®
w #m Consumed and eventually
WORKING electronics enter REUSED or RECYCLED 49‘360
SIEES9 (e REUSE PROCESS e,

Device info is DOCUMENTED Manufactured into
for reporting purposes NEW PRODUCTS

This activity has received funding from the European Institute of Innovation and
Technology (EIT), a body of the European Union, under the Horizon 2020, the EU
Framework Programme for Research and Innovation
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d) Get informed before buying.

-~

YOURS TO OPEN '-"7l
& YOURS TOKEEP ™ mm
L

Prefer factories with more efficient

design and ethical chain of supply

FAIRPHONE

Design di lunga durata »

wly

Buone condizioni di Riuso e riciclo »
lavoro »
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Improvement relative to no recycling

No recycling

Recycling Route 1

Smelting &
Metal Refining

Recycling Route 2
Dismantling @

Recycling Route 3

Shredding &
Sorting

Metal depletion (kg Fe-eq)

GWP (kg CO2-eq)

2.8% .

9.9%

Feeding whole Fairphones into
a high-temperature furnace.
Metals, alloys, inorganic
compounds and energy are the
main outputs of this process.

The least metal depletion, but also
the second-highest rate of global
warming potential (GWP, measured
by CO, equivalent).

3.2% .

8.5%

Separating Fairphone 2 modules
and putting them through the
most suitable recovery
processes for metals and
plastics.

A bit higher metal
depletion than
route 1, but with
the lowest GWP
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Removing the battery and feeding
the rest of the phone through a
cutting mill. Scrap is separated into
the relevant processing streams
and processed as in route 2.

The least desirable
results, both in terms
of metal depletion and
GWP /5




PuzzlePhone is the long-lasting smartphone with three
easy-to-change modules. Repair and customize your
device easily - make it last and make it your own.
PuzzlePhone is reliable, upgradeable, and repairable!

Need more power? Did you break your screen? Need a special module with

extra sensors? All are easily replaced - by the user!

1_ Brain g Spine

The Brain contains critical The Spine is the structure: the
electronics: the CPU, GPU, high-res display. Core spine
RAM, memory, and cameras. elements will be available in a

variety of sizes and materials.

§ Heart

The Heart contains the battery:
it will be the enabler of
secondary electronics and
features chosen by the user.
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Phonebloks: a phone that can be built like Lego

Phonebloks is a smartphone made up of separate parts that can be swapped
and replaced like Lego so it lasts for ever and can be customised

T

A screenshot of Phoneblok's design featured in the video Photo: DAVE MOVIES
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Long queues outside London Apple
store as new 1Phone X goes on sale

With prices starting at £999, it is the most expensive iPhone
ever.

/,V
L,'ﬂ

111 =

People queue outside the Apple Store on Regent Street, London, as the iPhone X goes on sale (Martyn
Landi/PA) 78



