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A inevitabilidade da prospeccao

mineral e mineracao nas etapas

futuras do desenvolvimento da
Civilizacdo Humana
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Civilizacao
Sustentavel

Civilizacao

Mecanizada/
Industrial ) -

. Maior eco-eficiéncia

Mais e melhor tecnologia

Menor consumo

Maior produtividade Menores impactos

Maior eficiéncia Maior reutilizagao e

reciclagem

Maior consciéncia social e

ambiental

Civilizagao
Agricola

Aumento da populagao
Lavoura .
Maior consumo e descarte

Domesticacgao . .
. Maiores impactos
Aumento da populacao

. o Assimetrias sociais
Desarmonias regionais

(fungdo geo/biodiversidade) Disrupgdes ecoldgicas

Tecnologia basica

Baixo Consumo

Forte dependéncia das
intermiténcias naturais

A (r)evolugao tecnoldgica em curso procura suportar modelos de

crescimento socio-econdmico com menor intensidade carbdnica e maior
énfase nos paradigmas que consubstanciam o conjunto das transformacgoes
associadas ao movimento conhecido como “Industriad.0”.
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Intensidades material e energética ao longo do tempo
Brevissima retrospectiva historica da produg¢do e consumo



Média de 10 anos para o indice “S&P 500”

(medida de crescimento)

1819

52 onda [1970-2010]

42 onda [1930-1970] Reiﬁ;f;,f::is/ s onda [2010-297]
Petroquimica Biotecnologia i e ggla
Industria automével ~g Sistemas t’ecr.uologlcame'nte
32 onda [1800-1930] Electrénica Informa.gao sustentaveis de energia
Tecnologias da Ecologia industrial

Electrificagdo Aviagdo /Espaco

comunicagao Eco-design

12 onda 22 onda [1830-1880] Industria quimica EC
Caminhos de ferro Motores combustéo Medicina molecular
Méguinas s Ago interna Sustentabilidade
MJdaquinas a
vapor

Mecanizagao

7,

f .

12 e 22 Crise do Petroéleo
Depressao Longa 1974 - 1980

Panico de 1837 1873 - 1879
1837 - 1843

Grande depressao Crise Financeira
1929 - 1939 2007 - 2009

1829 1839 1849 1859 1869 1879 1889 1899 1909 1919 1929 1939 1949 1959 1969 1979 1989 1999 2009

Todos os 5 ciclos de crescimento global, marcados por sucessivas ondas de

inovacao, acederam a recursos primarios (materiais e energéticos) baratos




Aumento continuo da:

* Intensidade energética;

* [ntensidade material;

* Diversidade de matéria-prima

Aumento continuo dos sectores

econdmicos que requerem:

e Capital intensivo;

* Conhecimento (C&T) intensivo;
* |novacgao sistematica

@) Nikolai Kondratiev
<
4
>
@)
=
1785 1845 1900 1950 1990 2020
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“destruicdo criativa” de Joseph Schumpeter.

produtos e métodos capitalistas inovadores

- substituem constantemente os antigos
GERACAO DE -

NOVOS NEGOCIOS

SUPERLUCROS

EXPANSAO
DO MERCADO

CONCORRENCIA 'Z(i SUPERPRODUCAO

— g (WY

s
v WL

N

~ -
Aumento continuo da:

Industrializagéo |
* Producgao intensiva dd
* Obsolescéncia controlada )
= Deslocalizagéo

e (Cadeias de valor especializadas;

* Servicos vs. “Producdo base”; toaisis

Massificacéo do consumo; THI
Agravamento de assimetrias sociais apesar de b
elevado crescimento macro-econdmico; '
Desagregacdo dos valores fisicos

* Economia de mercado (pouco regulada)
* Volatilidade de precos

* Economia financeira (prevaléncia bolsista)




62 onda (ou ciclo)

The -

42 Revolugdo Industrial FOUHZh
Industria 4.0 lndUSt'ial j ;
Revolution
Klaus

Schwab

Founder and Executive Chairman,
World Economic Forum

3rd Industrial Revolution
1st Industrial Revolution (1st Information Revolution
"  Cont ate 20th Century

2nd Industrial Revolution

Flectrical Energy-based
Eiectrical Energy-based
Productiol

Artificial Intelligence

Information Technology

Intelligence
Al SW

Information
Big Data loT
Cloud

&

PROGRAMING
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4th Industrial
Revolution

O ENGINEER

LINE " FACTORY

INNOVATION
' INTELLIGENCE

ROBOTZ -
=

& BIG DATA

loT < AUTOMATION

PROGRAM D) SCIENCE

» Desmateralizacdo/Miniaturizacdo
» Robotizacdo/Automacao/IA
» Aceleracdo conectividade digital
» Big data e Machine Learning

» Descarbonizacdao & Economia Circular
» Dever de due diligence em ESG
(Environmental, Social and Governance)
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) Capital requerido ) Complexidade

1 Diversidade e grau pureza da m.p.

T Necessidades energéticas
| ]

T CAPACIDADE TECNOLOGICA

Sobrecarga dos ciclos
biogeoquimicos (N, P,...)

Acidificacao do oceano
Chuvas e drenagens acidas —

Emissoes GE e poluicao
atmosférica

Degradacao dos solos
(araveis)

Reducgao de
biodiversidade

nstabilizacao
do habitat
‘ global

1 DEGRADACAO DOS ECOSSISTEMAS
Deterioracdo acima da taxa historica

p,

Capacidade
mais
efectiva

Operacgoes
do
Ecossistema
Industrial

Agua (potavel) —

Solo (aravel) —

Carvao

\

Oleo

Gas

Custo do Minerais

"~ aumento de

producao de
matéria prima

T PRESSAO SOBRE OS RECURSOS GEOLOGICOS
Menores teores e maiores profundidades; minérios mais

complexos; maiores custos de opera¢do
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A REPORT FOR
THE CLUB OF ROME'S PROJECT ON
THE PREDICAMIENT OF MANKIND

Dooella H. Meadows
Dennis L. Mesdows
Joegen Raoden
William W, Behreos 111

The 30-Year Update \

DoNELLA MEADOWS | JORGEN RANDERS | DENNIS MEADOWS
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Historical Trend
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Observed Trend
1970-2000
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Situacao actual e tendentlas futuras

Fluxos de materla na economla e o paradlgma da circularidade
' .:b"’ ' " ‘



Rapid Photov
Deployment

AN MIT FUTURE OF SOLAR ENERGY STUDY
WORKING PAPER

2016

als Produchon = |

-

— Reqpifémehf'_s‘ for

Global Material
Resources Outlook
to 2060

Economic drivers and
environmental consequences

.o

2018

HIGHLIGHTS

&) OECD

BETTER POLICIES FOR BETTER LVES

Minerals for Climate Action:
The Mineral Intensity of the
Clean Energy Transition

CLIMATE-SMART MINING FACILITY
Kirsten Hund, Daniele La Porta, Thao P. Fabregas, Tim Laing, John Drexhage

@ Climate Smart Mining

2020



A evolucao recente da procura em matéria-prima mineral

é devida:

1) Aumento das necessidades de paises emergentes;
2) Rapida inovacao industrial (tec. verde, equipamentos digitais,
mobilidade eléctrica, etc.)

[ Stwel componants (additves of special stal, high wnsion steel ) \

(Cr, Mn, V, N g1z} - \ Liguid orystal display (In) |

R rcrase i the rumcer o /m;" e
motors for one automoblle, othar icll::
than for driving and for alectrical motors (Nd, Dy)

powear steering (Nd)(oresantly
almost 100)

& Fusl cell (siectrods)(PY) |

______________ ; / \ \'\;w{

P ‘ Nicke call (NI, Ca), |
'IM“ todis for processing/ [ithium-ion mxnﬂl Co)
ﬁwhl“ driving motor ~ /
\BEDMSing: (WK, Ol of robote (N D) U1 [ Exhaust puification catalysts (gasoline

cars: thyep-way catatysts (Pt, Pd Rh),
Metal processing (manufacturing plant) E | diesel cars: platinum catalysts (PY

Co, Ga,
In, Nb,
Ta, W,
PGE, REE,
Cu, Ni, Pb, B, LI, Ag Au
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2.8 mil milhdes ton de metais minerados

Minérios de ferro Metais industriais Metais preciosos e
"high-tech”

Magnésio* | Metais industriais

Minerais de Zirconio (ess. Zircao) ~181 milhoes ton
Niquel (* refinanas e fundictes)

Chumbo
Titanio (concentrados minerais)
Zinco
Manganés |
Cobra
Cromio

Aluminio*

Cadmio l

prata |
Nicbio |

Tungsténio |

o |

vanidio |

Cobalto |

Guidos EL Terras Raras |

Molibdénio |

Estanho ]

0

Metais preciosos e “high-tech”
~1465 ton

1.2%

7.5%
11.5%

19.0%

20.3%
20.3%

R 100000 150000 200000 250,000 300,000 350,000
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elements.visualcapitalist.com

The Earth's natural resources power our
everyday lives. VC Elements breaks down
the building blocks of the universe.

We liveina

BASE METALS RALLY GAINS MOMENTUM

Aluminum = Tin Lead
¥ Nickel Zinc W Copper
40%

20%

os

20%

02111120 Ow/28/20 0108720 09/16/20 W28/20 Q/onn
Sowrce’ | ME. Comex via Sloomba g

*aervPoodrsan e

B
&

Source: Tradingeconomics.com

How Metals Prices Performed in 2021

Lithium

Magnesium

% Cobalt

Tin

Molybdenum

Neodynium
Aluminum
Indium
Germanium
Gallium
Nickel

Zinc
Copper
Lead

Steel

y Manganese

Gold

Platinum
Silver
Rhodium
Palladium

Iron Ore

115.2% ‘%’ As demand for electric vehicles

496.7%

207.6%

like lithium and cobalt skyrocketed.

’ boomed, prices for battery metals

@é@; Rare earth metals like neodynium

were also in high demand due to raw
material shortages.

Precious metals 1gled to hold their

value despite the Fed's accommodative
monetary policy in 2021.

-3.5%

-10.4%
-11.5%

-20.5%
-22.0%
-24.0%

CNY/Tonne
275k
Lithium Carbonate Prices 2021
Lithium prices climbed throughout almost all
of 2021, and EV battery demand is forecasted
to continue growing in 2022. 200k
125k
|yt 50k
Jan Mar May Jul Sep Nov 2022
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Lithium !

Cobalt

Graphite |
Indium

Vanadium

Nickel

Silver

Neodymium |

Molybdenum

Aluminum

rrent Production

" (1.73 KT)

173%
(138 KT)

2 383%
7 (4590 KT)

77 108%
774 (2268 KT)

60%

(15 KT)

37%

(8.4 KT)

11%

3K

vE

2050

2050 Demand in Supplying ﬁ.
Each Energy Technology

(2050, Projected, Annual)

965%
(415 KT)

585%
(644 KT)

21 74.4%
n Energy Storage
Nickel Demand by
Energy Technology
(projected)

5.8%
m Wind

1y Storage
(ﬁ}\ L.46%

== Hydro

Copper
the cle

e 5 £
> |<(~.\,’ 10T

an energy

transition

EVs are becoming

beyond 2025 decreasing battery
costs will push EVs to price parity
with ICE

EVs are becoming

Faster and more available
charging infrastructure

https://www.mining.com/demand-for-battery-metals-to-jump-500- by-2050/

%
% & ®) ®) will be increasingly used

An exponential growth in the demand for
battery raw materials is anticipated

69 x

Al

2017 >> 2030

31x

RMs demand growth driven by batteries to be deployed in passenger EVs between

today and 2030 (JRC based on Bloomberg, 2018)

Copper | 7% Copper Demand by
(1378 KT) Energy Technology

The world will need about
the same amount of copper
in the next 25 years to
meet global demand.

Manganese | 4%
(694 KT)
Wind B
https://www.oryktosploutos.net/2019/07/europes-dependence-on-critical-raw/
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Aplicacdes conhecidas e de uso massificado (crescimento linear)
Inovagdes tecnoldgicas = solugdes disruptivas que moldarao o futuro (aumento exponencial )

Taxas de reciclagem baixas/moderadas: tempos de residéncia moderados/altos; factores de
diluicdo/dispersao; deficientes sistemas de recolha seleccionada; nem sempre viavel

Substituicao dificil; nem sempre economicamente favoravel e sem prejuizo das caracteristicas
pretendidas para o produto

Vulnerabilidades nas cadeias globais de abastecimento = possiveis disrup¢cdes = matérias-

primas criticas
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e Elevada
importancia para
tecnologias-
chave

e |[mpactos

econdomicos e
sociais

Inexisténcia de
alternativas
crediveis

Relevancia
tecnologica

Matérias-primas
minerais criticas

Valor Cadeias de
econdmico abastecimento
(e social) vulneraveis

e Substitutos
@sCcassos ou
insatisfatorios

e Elevada
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1 Critical Raw Materials for the EU 13

;) H 5 (reported by the European Commission) 13 14 15 16 17 ;
. .| Listed as CRMs in 2011
2| Li | B 0 Listed as CRMs in 2014 B|C|N|JO|F|Ne
B Listed as CRMs in 2017 " ‘
3| Na 3 4 s 6 7 8 9 10 1 12| A|S S | Cl|Ar
4] K [Ca | Scg Ti 8 Cr (Mn| Fe | C Ni | Cu| Zn | Gag Ged As | Se | Br | Kr
5|Rb| Sr| Yal Zr | Nogg Mo | Tc | Rug Rhyl Pdyl Ag | Cd | Ingl Sn | Sbyl Te | | | Xe
6| Cs [Ba | L Tagd W Re | Osydl Ird Pty Au | Hg | Ti | Pb igl Po | At | Rn
7/ Fr |Ra | Ac | Rf [Db | Sg |Bh|Hs |[Mt|Ds|Rg|Cn |Nh| FI [Mc| Lv | Ts | Og

Lagd Ced Pry Ndyg Pmy Smy Euy Gdyd Thy Dyd Hod Ergd Tmy Yby L

Ac | Th|Pa| U [Np|Pu|Am|Cm | Bk | Cf | Es |Fm |Md| No | Lr

.| Magnesite

Baryte Borate

Rizzo, A Goel, S.; Grilli, M.L_; Iglesias, R.; Jaworska, L. Lapkovskis, V., Novak, P.; Postoiny, B.O.; Valerini, D. The Critical Raw Materials in Cutting Tools for Machining Applications: A Review. Materfals 2020, 13, 1377. hitps:/idol.org/10.3390/ma13061377



Study on the EU's list of ﬁ
Critical Raw Materials 'E
(2020) S
Final Report a
= £

[ -

(7]

—

LEADING EDGE
MATERIALS

M = Part of Leading Edge Materials Portfolio EU CRM LIST 2020
o = New CRM for 2020
M LREE
M HREE
) Niobium .
O Germanium O O Magnesium
oPhosphorus
OBorate gcandium
Strontium M Cobalt
Natural Graphite I oOBeryllium  PGMO
Sapele Wood oBawdie  Bismuth  oAntimony
Natural teak wood O nd|um
B Ly o Oanl&lm Tungsten o
Coking coaIBi"Yte Galllum iz Phos hate Rock N | Rubb
Fetim O S|I|con Metal | atliral it
Natural Cork Arsenic Fluorspar Hafnium 3, Molybd Man anese
Feldspar Zirconium Potash Al . Chromium
Diatomite Gypsum Bentonite MagnesneT ISllver Nickel Aluminium
Rhenium Perlite Silica Sand 4™ 2 dmium Seleniym _Zinc o

Kaolin clay Hydrogen

Aggregates Limestone Sulphur Lead

Gold

Copper

Economic Importance



The following 34 raw matenals are proposed for the CRM list 2023:

2023 Critical Raw Materials (new CRMs in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
Europem baryte gallium manganese strontium
—_— beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

Study on the Critical Raw
Materials for the EU

2023 Critical Raw Materials (Strategic Raw Materials in italics)

aluminium/bauxite coking coal lithium phosphorus
2023 antimony feldspar LREE scandium

Final Report arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium

copper* nickel*

* Copper and nickel do not meet the CRM thresholds. but are included as Strategic Raw Materials

2023 CRMs vs. 2020 CRMs

aluminium/bauxite gallium phosphate rock vanadium
antimony germanium phosphorus arsenic
baryte hafnium PGM feldspar
beryllium HREE scandium helium
ot & peacemsing Soupe bismuth lithium silicon metal manganese

borate LREE strontium copper
cobalt magnesium tantalum nickel
coking coal natural graphite titanium metal e

Raw fluorspar niobium tungsten Retualoubbes

Materials Legend:

Biack: CRMs in 2023 and 2020
Red: CRMs in 2023, non-CRMs in 2020
asskeas Non-CRMs in 2023 that were critical in 2020
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* Vendas de carros elétricos aumentaram 60% em 2022, ultrapassando
10 milhdes de unidades.

e (Capacidade dos sistemas de armazenamento de energia duplicou em
2022.

* Instalacdes fotovoltaicas continuam a crescer a ritmo (muito) elevado.

* Instalagdes edlicas retomam a marcha ascendente apds dois anos de
crescimento moderado.

Critical Minerals
Market Review 2023

Rapido crescimento da procura cria novas oportunidades para o sector mineiro, mas a combinacao de:
* Maior volatilidade dos precos,
* Condicionamentos diversos nas cadeias de abastecimento e
* Preocupacdes geopoliticas

potencia riscos para transicdoes energéticas seguras e rapidas.

Accdes politicas em diferentes jurisdicdes para aumentar a diversidade e confiabilidade dos abastecimentos

 Grandes produtores (e.g., Indonésia, Namibia, Zimbabwe) introduziram medidas para banir

exportacao de minérios nao transformados/beneficiados.
* Globalmente, as restricoes as exportagcoes de “minerais criticos” aumentaram 5x desde 2009.




Entre 2017 e 2022, o sector energético foi o principal responsavel pela subida da procura de Li (300%), Co (70%),
Ni (40%).

Em 2022, a participacao das aplica¢oes de energia limpa na procura total de Li, Co e Ni atingiu 56%, 40% e 16%,
respectivamente, acima das cotas de 30%, 17% e 6% estabelecidas cinco anos atras.
No cenario de “neutralidade carbonica” (2021-2050), a projeccao da AIE para a procura destes metais sera:

Li
6
O
0
-] -
' 2021 2030 ' 2050
SolarPV @ Wind Other low-emissions power generation

® Electric vehicles Grid storage batteries Electricity networks

Share of clean energy technologies

Other

0 z )
o a o)
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o 0 45°
o}
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] e =
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2021 2030 2050 2021 2030 2050 2021 2030 2050




* Progressos limitados na desejavel diversificacao das fontes de abastecimento; para

alguns casos, a situacao piorou!

% %

Rare earths Copper o

Cobalt I ® Lithium ®

Nickel . L Graphite °

Cobait L2

Copper L4 Rare earths o
I
PRODUCAO PROCESSAMENTO
United States Russia China Australia Chile China Russia Chile Indonesia Japan Finland
Democratic Republic of the Congo Indonesia Philippines Canada Argentina Malaysia Estonia @ 2019 top 3 share

Mozambique Peru China Madagascar @ 2019 top 3 share



Global production of critical raw materials (CRM)
according to EU definition

SGU 2020, Lars Norkin and Fredrik Karlsson

- N “ . Norway” Fintand
3 - : oo 6% ‘g% s North Korea
— 4 - /
Y, - > 3 \ s Belgiym @B

~— Japan
Portugal @

Spain
1% » . G
4PM Ba 0% Tunisia areece rs'gael
Egypt .

Marocco/Western Sahara

P . ~~ South Korea
Critical raw materials

included in the EU list *

[8B] Antimony Li| Lithium -
Jamaica Guinea ; /
: § < Nigeria Ethiopi ; >
. Bauxite m Magnesium §. 2 - 5%® lopmes% /g. Philippines
- Baryte @ Niobium o \ o Rwanda i .M _,’b‘r',') )
| \ alaysia ¢ '
lium Heavy Rare Earth Elements s - N \ 4
Be Befvl iu m Y i, : DR Congo " W /f?_{ r:. - P.‘)nim New Guinea
- Bismuth 41133 Light Rare Earth Elements Pl Py 7%; s 41 | TR e J
70 Burundi -~ iy &P by

Borate m Platinum Group Metals @ T . Indones;”" e o ,-_Tr ) Y
Natural graphite m Phosphate rock 5 Bolivia Mo mb;q / "

Zambla.S% ‘ New Caledonia
Cobalt n Phosphorus p . . .

Zimbabwe 7 )

m Flourspar Scandium paciagasc Australia

South Africa
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European Critical Raw Materials Act
(2023)

SETTING 2030 BENCHMARKS FOR STRATEGIC RAW MATERIALS

EU EXTRACTION

At least 10% of
the EU's annual
consumption for
extraction

EU PROCESSING

At least 40% of
the EU's annual

consumption for
processing

EU RECYCLING

At least 15% of
the EU's annual
consumption for
recycling

EXTERNAL SOURCES

Not more than 65%

of the EU’s annual
consumption of each
strategic raw material
at any relevant stage
of processing from a
single third country



Where Mining is Thriving

Extraction of mining products in 2017 (in million metric tons) and increase, by continent

Increase 2000-2017

Europe is the only part of the world with a declining |
vora|  mining industry 17 oo
| Change in regional mining output, 2000-18 (%)

Europe
North America
Asia

] Oceania

W Oceania
©x( Africa +132.6%
South Amenca
0% 206% 46% 6€% 80% 160% 1263
Source: Austnan Ministry of Industry ENERGYMONITOR
@ @ = Source: World Mining Data 2019 by the International

@statistaCharts Organizing Committee for the World Mining Congresses Stat|8ta 5



GLOBAL MINING PROJECT DEVELOPMENT

$§99

% Industrial Info Resources

All data derived from Industrial Info’s Database(December 2020)

© 2020 by Industrial Info Resources, Inc - Sugar Land, TX
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(anada Europe
(1072 companies) '} (79 companies) o
2019 2020 2019 2020 W e
$83.1B $85.4B $8.98 $9.1B .’

. » '-)
United States , G _
(298 companies) . Asia
2019 2020 Central America ( (61 companies)
$39.9B $40.0B O, and the Caribbean 2019 2020

Mexico (29 companies)

¥ $85B $1248B
(138 companies) 00 2020 »,r)

i : £ b
$2258 $223B ‘ " o
798 5898 "L i

2019 2020
(106 companies) #
2019 2020 f{ ooa T

§37.4B $36.5B —

Oceania ol
- (49 companies)
Mining asset value S'ZQE 524129
0 388 $45B
m ) $0-$10M South America
>¥= (218 companies)
B >510M-$100 M 2019 2020

T >$100 M- $1B $517B $542B

I >$1B-$108
I >$108

https://natural-resources.canada.ca/our-natural-
resources/minerals-mining/mining-data-statistics-
and-analysis/minerals-and-the-economy/20529
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To substitute or not to substitute?

* R&D on substitution is a
long term investment Taxas de substituicao muito

* New materials require 10 years lentas
or more from lab scale to
industrial production

+

* Quest may become obsolete by Caminhos bem-sucedidos e

economicamente viaveis
para sua concretizacao
imprevisiveis

— new materials
SUBSTITUTION OfF — new products
RAW MATERIALS

— change in customer needs

— new resources found

— successful recycling techniques

» Muitas solucoes possiveis; apenas adoptadas as de maior maturagao tecnoldgica;
» Importantes (pontualmente decisivas) a médio-longo prazo para algumas aplicagoes;

» Dependentes da viabilidade econdmica; integracao rapida a custo suportavel nas cadeias de manufactura;
» Eventuais pressoes sobre outros materiais/minerais.




289% 17% 34% = Taxa reciclagem

Produtos fim-de-vida

80%  95%
o
X X 95% .
x
70%  60% .

. 8 90%
50% 30% X

Desmantelamento &
Pre-processamento
40% °°
(o)
A. Mateus (2017), Caracterizacao mineralégica e
selectiva) valorizacdo de residuos mineiros, exemplos

nacionais, Ordem Eng., Junho 2017




Graedel et al. (2011) What do we know about metal recycling rates? ). Industrial Ecology 15, 355-366.
https://doi.org/10.1111/j.1530-9290.2011.00342.x
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RECYCLING RATES OF SMARTPHONE METALS

COLOUR KEY: @ <1% RECYCLE RATE 1-10% RECYCLE RATE ) 10-25% RECYCLE RATE ) 25-50% RECYCLE RATE @ > 50% RECYCLE RATE ) NON-METAL (OR RECYCLE RATE UNKNOWN)

SCREENO O ELECTRONICS

BATTERY

TOUCH: INDIUM TIN OXIDE

Used in a transparent film over
the phone’s screen that conducts
electricity. This allows the screen to
function as a touch screen. This is
the major use of indium.

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.

COLOURS: RARE EARTH METALS
A variety of rare earth metal-
containing compounds are used
to help to produce the colours 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.

WIRING & MICROELECTRONICS

Copper is used for wiring, and for
micro-electrical components along
with gold and silver. Tantalum is
the major component in micro-
capacitors.

MICROPHONES & 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 oxidised to
produce non-conducting regions.
Other elements are added to allow
the chip to conduct electricity.

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

00
00

000
000

00

O CASING

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

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.

00
00

@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @@
This graphic is shared under a Creative Commons Attribution-NonCommercial-MoDerivatives licence.
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The Elements According to Relative Abundance

A Periodic Chart by Prof. Wm.F. Sheehan, University of Santa Clara, CA 95053
Ref. Chemistry,Vol.49,No.3, p 17-18,1976

e Colors suggest
Nl relative electro-
negativity

, "

B ALU(; _ i
Cl|- My

AS\\EEL
)

\\ z|. | A . A?C = Abundancia de um elemento
L Pd %“ i na crosta superior

' b ' M: -wm .
oIl D\ 2 i = Massa total do elemento i

MUC = Massa total da crosta superior

© 1970 Wm. F. Sheehan
i I l All Rights Reserved

Reprinted from 1978 <& “ Calendar.

gested by the positioning of neighbors. The chart emphasizes that in
real life a chemist will probably meet O, Si, Al, . . . and that he better
do something about it. Periodic tables based upon elemental abun-
dance would, of course, vary from planet to planet. .. W.F.S.

NOTE: TO ACCOMMODATE ALL ELEMENTS SOME DISTORTIONS WERE NECESSARY, FOR EXAMPLE SOME ELEMENTS DO NOT OCCUR NATURALLY.

Roughly, the size of an element’s own niche (*’l| almost wrote square’’)
is proportioned to its abundance on Earth’s surface, and in addition,
certain chemical similarities (e.g., Be and Al, or B and Si) are sug-



Abundance, atoms of element per 10 atoms of Si

Abundancia dos elementos quimicos na crusta continental da
Terra em funcao do numero atomico

| ' | ! I ! | ' | ! | ! | ! | ! |

Rock-forming elements

Composicao da UC < 86 elementos
Uuc o
12 elementos A; 2 0.1 wt% (1000 ppm)

74 eIementosAlyC< 0.1 wt% (1000 ppm)

Th
Y
Z M,(12 elementos) ~ 99.2% da M
Rul Te
Pd S M 0

Major industrial metals in red Rh Re{ [Pt i(74 elementos) = 0.77% da MUC
Precious metals in purple ) = Os
Rare earth elements in blue Rarest "metals Ir

| 1 | ' | 1 | 1 | 1 | 1 | 1 | 1 |

10 20 30 40 50 60 70 80 90
Atomic number, Z http://pubs.usgs.gov/fs/2002/fs087-02/


//upload.wikimedia.org/wikipedia/commons/0/09/Elemental_abundances.svg

Considerando:
Myc 1kmprof. = 4.2 X 107t
E os valores estimados de Al!’C (e.g. Tratado de Geoquimica, 2014)

Uma estimativa grosseira da M; existente no 12 km de prof. da crosta continental pode ser realizada:

M; = A7 X My

max
)

In X
Ri = 10_2b f e_(l“ xi)z/(ln xznax_ln xi)dlnxi MU(;A?C
|

n(x*m)

A abordagem de Menaker (1978)
e de Godinho (1982):

A média de M, teoricamente concentrada em recursos minerais na crosta continental superior, R;,

R, = 10 2vMycAYC ~ 1072[(17 + 7) x 10~ 4]My-AV¢ = 7.1 x 10184Y¢

A fungao que relaciona A?Ce a média de M; contida em recursos conhecidos ou potenciais(= R';)
(incluindo a produg¢ao passada):

R,i = 1010.52 X 100.85 logAlUC




1.E+17

Possivelmente: -
1.E+16 *  Subestimando M; para AY¢< 1000 ppm S
1.E+15 « Sobrestimando M; para AY¢ > 1000 ppm Ll
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Mateus (2016) Elemental abundance (ppm), A?C

PORTUGAL INTERNATIONAL MINING BUSINESS & INVESTMENT SUMMIT



Considerando agora

Reserva base: a parte do recurso identificado que satisfaz o minimo de
critérios fisicos e quimicos especificos impostos por praticas de mineracao e
producao correntes (e.g. teor, qualidade, espessura, profundidade, etc.).
USGS (2009)

Para uma determinada matéria prima mineral, a reserva base estima o limite
inferior do recurso global passivel de exploracao

Dados em Graedel & Nassar (2014)
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Elemental mass (t), M;

1.E+17

Apesar da necessidade de informag¢ao robusta sobre a

abundancia dos recursos mundiais “mineraveis”, é . ™
1.E+16 P -
possivel concluir que: . "
1.E+15 * Nao existe evidéncia firme para a exaustao fisica; e - A
p Qe
1.e+14 * Ha certamente espago para novas descobertas... e T °
V) o
1.E+13 ! A °
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Base Metal Deposits Found in the World Between 1900 and 2015

Depth of Cover (Metres)

. Depth of Cu, Ni
7 ;}))> (except laterite
deposits) and
deposits

o ctan et ; d since
1000 - odified
hodde,
1500 written
ation,
2000 ' Coppe )16). In
® Nickel [T al.
2500 9 Zinc/L
N
3000
1900 1

Note: Size of bubble refers o “Mo
Excludes Nickel Laterite dep
(a) Stratabound copper deposit:

(b) Admiral Bay zinc deposit in Australia, found while drilling for oil



Para algumas matérias-primas criticas (UE,2013):
MI_’?(in Uuo)

l
(dSalvaguardar o acesso a depdsitos conhecidos e
alvos promissores;

nao esta uniformemente distribuida!

JAumentar os investimentos em P&P, fazendo uso
de meios avancados e de novos modelos
prospectivos 3D e 4D;

dSuportar continuadamente 1&D, reduzindo riscos
de investimento e aumentando o Conhecimento
existente sobre a disponibilidade a longo prazo dos
recursos minerais.

MiUC- Média de M; total no 12 km prof. da UC (t)

M.R(i” UC) _Média de M; teoricamente concentradaem

: . sistemas mineralizantes potenciais no 12 km prof. da

Tm Tb
Er Dy
Mateus (2016) Ho
PORTUGAL INTERNATIONAL MINING BUSINESS & INVESTMENT SUMMIT

MfB(in UC) _ Reserva base de M; (t, fonte de dados USGS, 2009)



MY€ - M; no primeiro km de profundidade da UC (Mt)

- M. possivelmente concentrado em sistemas
i, . o .
ML_R(UC) passiveis de exploracdo no primeiro km de prof.
da UC (Mt)

MRBWUC) _Reserva base de M; (Mt, fonte USGS, 2009)

l

Cd
Alyc Ii’?B(UC) M{\’(UC) Mlyc
(Ppm) (Mt) (Mt) (Mt)
Co Li 41 11 29110 17220000
o cd| 0.06 1.2 42.6 25200
A.. MatNeus (2017) Recursos g/gba/s de litio; Co 15 13 10650 6300000
situagcdo actual e perspectivas futuras. .
Seminario DEGGE, FCUL (23 Marc¢o) Ni 34 150 24140 14280000




sulfide

ores

camer elements

A roda dos metais

I11

sulfide and
oxide oras

potential
joint products

Anel I.: Co-elementos com infraestrutura produtiva
propria consideravel. Valor econdmico moderado a
alto; alguns usados em aplicacdes de alta tecnologia.

Anel II: Co-elementos que nao tém infraestrutura
propria de producao ou, a existir, € bastante limitada.
Maioritariamente metais de elevado valor, usados em
aplicacbes de alta tecnologia (essenciais em
componentes electrénicos).

Anel Ill: Co-elementos que acabam em residuos ou
como emissdes. Frequentemente onerosos, impondo
medidas especificas na gestao integrada de residuos.

The Feedback Control Cycle of Mineral Supply, Increase of
Raw Material Efficiency, and Sustainable Development
F.-W. Wellmer and C. Hagelliken

Minerals 5 (4), 2015



Elementos acompanhantes no circulo
periférico a distancia proporcional a
percentagem da sua producao primaria
(de 100 a 0%) originada com o metal
principal indicado. Na area a branco do
circulo externo posicionam-se o0s
elementos acompanhantes cuja
percentagem de producao conjunta
com o metal principal permanece
desconhecida.

By-product metals are technologically essential
but have problematic supply

N. T. Nassar, T. E. Graedel & E. M. Harper
Science Advances 1 (3), 2015
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Peak production forecast for

4,0 .
the 2030-2040 period

3,5

1,5
1,0

0,5

0,0

Li

1900 1920 1940 1960 1980

2000

2020

2040

2060

2080

2100



5,0
4,5
4,0

3,5

1,5
1,0

0,5

Expected peak production for the 2050 -2060 period
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Many energy storage

technologies currently rely

on Lithium; alternative Phosphorus is an essential
technologies are needed plant nutrient and a major

-

constituent of fertilisers;
new methods to obtain
phosphorus are needed

Indium is used in some
solar cells and display
: technologies; alternative
58 59 67 materials are needed
Ce || Pr Gd Ho || Er || Tm || Yb
400 ‘404 157.3 1549 1673 1669 173 175
o0 91 22 |[s3 o 5 56 97 38 39 wo |01 ][0z ||03
Th || Pa Np || Pu ||Am ||Cm || Bk || Cf || Es || Fm || Md || No || Lr
232 23!} 237} 242) 1243 (247) 247 245] (254 253! 1256] [254) (262)

Serious threat in u Rising threat from :| Limited availability,
the next 100 years increased use future risk to supply

https://www.thesolutionsjournal.com/article/endangered-elements-conserving-the-building-blocks-of-life/






Abastecimento &

§ Procura (balangados?)

Aumento da procura
* Disponibilidade a longo prazo
 Aumentando reservas ‘

 Aumentando abastecimento

Aumento de precos

Menores taxas de consumo

Ciclos de obsolescéncia menos curtos
Maior eficiéncia material

Maior recuperagao de subprodutos
Maiores taxas de reciclagem
Substitutos eficientes

. 20
II‘IVES\'-\ga9 Maiores esfor¢os em prospec¢ao
Maiores riscos em prospec¢ao
Novos modelos de prospeccao

* Novos depositos / tipos de minério
* Depdsitos de baixo teor (tornando-se econdmicos)
* Maiores profundidades (tornando-se econdmicas)

A. Mateus (2017) The relevance of primary mineral resources in circular economy models. Encontro Ciéncia’17, Lisboa.



Waste production, handling & recycling
. . Rehabilitation &
Mining or . Processin
Quarrying &

Decommissioning Monitoring

Smelting &
Refining

Construction
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R Recycling
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Mateus, A., Martins, L.
Building a mineral-
based value chain in
Europe: the balance
between social
acceptance and secure
supply. Miner Econ 34,
239-261 (2021).
https://doi.org/10.100
7/s13563-020-00242-3

Planning &
Design

f Permitting
Feasibility

Fabrication

Recycling

Design &
Manufacturing

Studies

Remanufacturing

Environmental
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Deeper resources
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Y NAO DESCONTINUAR INVESTIMENTO
EM CONHECIMENTO GEOLOGICO

Transformar a‘

NCERTERA Em CONFIANCA

NAO DESCONTINUAR INVESTIMENTO
EM PROSPECCAO E PESQUISA MINERAL
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Transformar a
INCERTEZA
em CONFIANCA

| 4

Modelag¢ao dos
“Sistemas Minerais”
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Novas abordagens e
tecnologias em P&P
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Processamento
integrado de diferentes
fontes de dados

Conhecimento + Tecnologia + Inovacao = PROGRESSO

Cientificamente “up-to-date”



Prospeccao &
/ Pesquisa Mineral

» Analise integrada de
dados geoloagicos, geo-
guimicos e geofisicos.

* Teste/validagao de
novos indicadores e
vectores para minera-
lizagoes ocultas.

e Caracterizagao apro-
fundada de recursos e,
sobretudo, das
reservas base.

-~

\ Planeamento &

Desenvolvimento

Mineiro

e Sistemas avanc¢ados de
desenvolvimento e
integragao.

e Optimizacao de fluxos
materiais e energéti-
cos; melhores equipa-
mentos.

e Sistemas de monitori-
zacao sistematicade
impactos e respectiva
mitigacao.

\ S COLETIER

Construcao

* Redugao dos custos de
funcionamento e ma-
nutencao.

* Disponibilizacao de
melhores solugoes
tecnoldgicas.

* Minimizag¢ao de impac-
tos e maximizagaode
seguranca.

e Aumento da digitacao
e automacgao.

\ Operagao &

Logistica

e Melhorias na antecipa-
¢ao de desvios/falhas.

* Monitorizagao sistema-
tica dos processos ope-
racionais e sua eficién-
cia.

e Optimizacao dos pro-
cessos e redugao de
residuos/emissoes.

e Aumento da digitacao
e automacao.

\ Rentabilidade &

Responsabilidade

* Transformagoes do
modelo operacional,
criando condigoes
para: (i) integrar
preocupagoes sociais e
ambientais de maior
exigéncia; (ii) subir na
cadeia de valor; (iii)
redistribuir riqueza; e
(iv) aumentar o escru-
tinio e transparéncia.

L@hstormar a INCERTEZA em CONFIANCA
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» ACCOUNTABLE
» ADVANTAGEOUS
» ADVANCED

Mateus, A. (2020) Changing Social Perceptions on Mining-Related
Activities: A Key Challenge in the 4th Industrial Revolution.
Aspects in Mining & Mineral Science
10.31031/AMMS.2020.05.000608
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