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Raw materials per capita/year

N.B. 1 lbs = 0.45359 kg

≈ 3600 kg

≈ 3000 kg

≈ 300 kg

≈ 170 kg ≈ 170 kg ≈ 165 kg

≈ 510 kg

≈ 480 kg

≈ 20 kg ≈ 10 kg ≈ 5 kg ≈ 4.5 kg ≈ 4 kg ≈ 11.5 kg



ORE DEPOSIT

• Mineral deposit: a mass of naturally occurring mineral material, e.g. metal ores 

or nonmetallic minerals, usually of economic value, without regard to mode of 

origin. Accumulations of coal and petroleum may or may not be included; usage 

should be defined in context. 

• Orebody: a continuous, well-defined mass of material of sufficient ore content to 

make extraction economically feasible.

• Ore: the naturally occurring material from which a mineral or minerals of 

economic value can be extracted at a reasonable profit. Also, the mineral(s) thus 

extracted. The term is generally but not always used to refer to metalliferous 

material and is often modified by the name of the valuable constituent, e.g., 

"iron ore". 

• Gangue: the valueless rock or mineral aggregates in an ore; that part of an ore 

that is not economically desirable but cannot be avoided in mining. It is 

separated from the ore minerals during concentration. Syn: matrix



Ore forming processes



Average crustal abundances and concentration factors



Grade and tonnage diagrams



ECONOMIC CLASSIFICATION OF METALS

a) Precious metals: Au, Ag, PGE (o PGM, Ru, Rh, Pd, Os, Ir, Pt; Ir-group 

IPGEs: Os, Ir, Ru; Pd-group PPGEs: Rh, Pt, Pd ).

b) Non ferrous metals: Cu-Pb-Zn-Sn (base metals), Al.

c) Iron and ferrous metals: Fe, Mn, Ni, Cr, Mo, W, V, Co.

d) Minor metals and non-metals: Sb, As, Be, Bi, Cd, Mg, Hg, REE, Nb, 

Ta, Se, Te, Ti, Zr, ecc.

e) Fissile metals: U, Th, (Ra).



ORE & ORE MINERALS: some basic definitions

• Ore: the naturally occurring material from which a mineral or minerals of economic value

can be extracted at a reasonable profit. Also, the mineral(s) thus extracted. The term is

generally but not always used to refer to metalliferous material and is often modified by

the name of the valuable constituent, e.g., "iron ore". The German term is “Erz”.

• Gangue: the valueless rock or mineral aggregates in an ore; that part of an ore that is not

economically desirable but cannot be avoided in mining. It is separated from the ore

minerals during concentration. Syn: matrix.

• Grade: the relative quantity or the percentage of ore-mineral content in an orebody. Syn:

tenor.

• Cut-off grade: in economic geology, the lowest grade of mineralized material that

qualifies as ore in a given deposit; ore of the lowest assay value that is included in an ore

estimate.

• Clarke: the average abundance of an element in the crust of the Earth. It is named in

honour of F.W. Clarke. Syn: crustal abundance.

• Clarke of concentration: the concentration of an element in a mineral or rock relative to

its crustal abundance. The term is applied to specific as well as average occurrences.



Average concentration and enrichment factor



INDUSTRIAL MINERALS

• Industrial mineral: any rock, mineral, or other naturally occurring substance of 

economic value, exclusive of metallic ores, mineral fuels, and gemstones; one of the 

nonmetallics.

• Nonmetal: in economic geology, any rock or mineral mined for its nonmetallic value, 

such as stone, sulfur, or salt. Syn: nonmetallic; industrial mineral. 



ORE & INDUSTRIAL MINERAL: rutile TiO2

Industrial mineral Ore mineral



Ore processing



Ore processing



MINING: depth vs. time



World’s largest mining companies



MINING: base metals vs. technology metals



ENERGY MINERALS



ENERGY MINERALS (oil, gas, coal, uranium)



ENERGY MINERALS  - energy generation



ENERGY MINERALS – organic matter



ENERGY MINERALS – oil deposits



ENERGY MINERALS – non-conventional oil deposits



ENERGY MINERALS – gas



ENERGY MINERALS – coal



The Fischer-Tropsch process: liquid hydrocarbons from coal



The GTL process: liquid hydrocarbons from methane



ENERGY MINERALS – uranium



ENERGY MINERALS – geothermal power



EROEI



EROEI



Global material use by resource type - projections



Global material per capita use by resource type - projections



…green economy…

…circular economy… …sustainability… …green new deal…

…eco-friendly…
…zero impact…





+

= Green or greenwashing?



+

= Green or greenwashing?



Wind + solar + electric cars = universal panacea?

Wind and PV:

• Discontinuous production

• Need for storage

• Need for complex grids

• Short lifetime



Population, economy & environment: limits of growth



Global material extraction





EVs vs. conventional cars



Raw materials for wind and solar energy



Concrete and steel for energy production

PV: photovoltaic cell

CSP: concentrated solar power



Aluminum and copper for energy production

PV: photovoltaic cell

CSP: concentrated solar power



Steel, aluminum & copper: mining & recycling



Prosperity, cement, steel & aluminum



Price vs. dilution in ore deposits



CRITICAL RAW MATERIALS



Critical raw materials 



Critical raw materials for the EU 



Raw materials and challenges of the future



Raw materials and challenges of the future



European Critical Raw Materials Act (16 marzo 2023)
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European Critical Raw Materials Act (16 marzo 2023)



European Critical Raw Materials Act (16 marzo 2023)







Critical metals – wind turbines



Critical metals – traction motors (permament magnets)



Critical metals – Li-ion batteries



Critical metals – EU annual material demand for EVs



Critical metals – Battery Energy Storage System (ESS)



Critical metals – ESS storage



Critical metals – solar PV



Critical metals – smartphones, tablets and laptops



Critical raw materials for Italy?



CRITICAL RAW MATERIALS

• Aluminum (bauxite), used in almost all sectors of the economy

• Antimony, used in batteries and flame retardants

• Arsenic, used in lumber preservatives, pesticides, and semi-

conductors

• Barite BaSO4, used in cement and petroleum industries

• Beryllium, used as an alloying agent in aerospace and defense 

industries

• Bismuth, used in medical and atomic research

• Cesium, used in research and development

• Chromium, used primarily in stainless steel and other alloys

• Cobalt, used in rechargeable batteries and superalloys



CRITICAL RAW MATERIALS

• Fluorspar CaF2, used in the manufacture of aluminum, gasoline, and 

uranium fuel

• Gallium, used for integrated circuits and optical devices like LEDs

• Germanium, used for fiber optics and night vision applications

• Graphite (natural), used for lubricants, batteries, and fuel cells

• Hafnium, used for nuclear control rods, alloys, and high-

temperature ceramics

• Helium, used for MRIs, lifting agent, and research

• Indium, mostly used in LCD screens

• Lithium, used primarily for batteries



CRITICAL RAW MATERIALS

• Magnesium, used in furnace linings for manufacturing steel and 

ceramics

• Manganese, used in steelmaking

• Niobium, used mostly in steel alloys

• Platinum group metals (PGM), used for catalytic agents

• Potash (K compounds and K-bearing materials), primarily used as a 

fertilizer

• Rare earth elements (REE), primarily used in batteries and 

electronics

• Rhenium, used for lead-free gasoline and superalloys

• Rubidium, used for research and development in electronics



CRITICAL RAW MATERIALS

• Scandium, used for alloys and fuel cells

• Strontium, used for pyrotechnics and ceramic magnets

• Tantalum, used in electronic components, mostly capacitors

• Tellurium, used in steelmaking and solar cells

• Tin, used as protective coatings and alloys for steel

• Titanium, overwhelmingly used as a white pigment or metal alloys

• Tungsten, primarily used to make wear-resistant metals

• Uranium, mostly used for nuclear fuel

• Vanadium, primarily used for titanium alloys

• Zirconium, used in the high-temperature ceramics industries



A smartphone contains more than 60 elements!



Abundance of 

chemical elements in 

the Earth’s upper 
continental crust



Critical metals



Critical metals – criticality index



Critical metals –
value and 

production





Critical metals and by-products

Sphalerite 



Critical metals and by-products

Molybdenite 



Critical metals - computers & mobile phones



Recycling: how it works



Recycling rates for metals in metallic applications



Recycling rates



Recycling rates for metals in metallic applications



Recycling rates for precious metals



Recycling rates for smartphone metals



Recycling: dismantling and pre-processing



Critical metals –
metal recovery



Critical metals – exhausted batteries recovery



Mining and recycling are complementary systems



Mining waste recycling?



Mining waste recycling: secondary raw materials (SRM)



Mining waste recycling: flow sheet



Mining waste recycling: an example from granite quarries



Mining waste recycling: an example from granite quarries



Mining waste recycling: quarry dumps characterization



Raw materials for the ceramic industry



Also critical raw materials (REE)!



Also critical raw materials (REE)!



LCA – Life Cycle Assessment



Quartz, feldspars and REE from gneiss waste?





The VCO area



Geological setting and dimension stones

Cavallo and Dino, 2022



Serizzo and Beola: 

quarry production and 

waste materials

Cavallo et al., 2020

• 184,801.47 t/y in 2017

• 110,880 t/y of shapeless blocks and rock 

chips

• 17,700 t/y sludge (after filter-pressing)



Quarries and waste materials

Cavallo and Dino, 2022



Petrography 

and mineralogy

Cavallo and Dino, 2022



Cavallo and Dino, 2022



REE pattern of Serizzo and Beola

Cavallo and Dino, 2022



REE and allanite

Cavallo and Dino, 2022



• Quartz and feldspars could be reused in the industrial minerals sector, 

especially in the ceramics industry; 

• the most critical issues relate to the small grain size and the relative abundance 

of micas in some commercial varieties;

• the presence of allanite opens new possibilities for the recovery of rare earth

elements (REE, critical raw materials).

Quartz, feldspars and REE from gneiss waste? Why not!



Mining and quarrying waste recycling, again

Resources Policy, 2021



Dino et al., 2021

Sustainable supply or raw materials



Dino et al., 2021

Raw materials from extractive waste



Dino et al., 2021

Raw materials from “landfill mining”



Dino et al., 2021

Environmental and human health risk analysis



Dino et al., 2021

Silica sand and kaolinitic clays



Dino et al., 2021

Geology of the Monte Bracco area



Dino et al., 2021

Geology of the Monte Bracco area



Dino et al., 2021

REE  within kaolinitic clays!



Dino et al., 2021

REE  within kaolinitic clays!



Dino et al., 2021

The processing plant



Cavallo, 2018

Particular waste materials…



Serpentinite quarries and quarry debris

Cavallo, 2018



Serpentinite processing

Cavallo, 2018



Quarry production and waste

Cavallo, 2018



Serpentinitic waste mineralogy

Cavallo, 2018



Serpentinitic waste 

geochemistry

Cavallo, 2018



Serpentinites: petrography

Cavallo, 2018



Serpentinitic processing sludge

Cavallo, 2018



Serpentinites and chrysotile asbestos

Cavallo, 2018



Possible reuses: 

1) artificial “green” marbles



Possible reuses: 

2) Filler for plastic and rubber materials instead of talc!

First results are encouraging!



Possible reuses: 

3) Ceramics

• forsterite and/or high-MgO ceramics;

• forsterite refractories (with periclase 

addition);

• cordierite ceramics (adding kaolin);

• high-hardness vitroceramics.



Possible reuses: 4) CO2 sequestration

Power et al., 2013



Power et al., 2013

Possible reuses: 

4) CO2 sequestration



Take-home messages

• Mining is crucial to our development and well-being

• Recycling is not always easy and obvious, mining is and will 

be increasingly important

• Intelligent and "sustainable" exploitation of mineral 

resources is possible, including in Europe and Italy

• We should also try to exploit the waste from past mining 

activity

• We need more modern legislation and a more scientific and 

factual environmentalism
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