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Pure research 

Applied research 

Pure research 
projects submitted 
by single 
researchers. 

A community of research 
institutions and companies 

The Italian National 
Research Council is a 
public institution 
devoted to research. 
Its institutes are 
present on the whole 
territory of Italy and 
are dealing with all 
kinds of scientific 
issues. 

http://rmschools.eu 
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Everything that is not food or energy 
is a raw material 

7 biions of tonnesof 

coal per year

energy 76%

steel 24%



• Elements are the simplest raw materials. 

•Elements are “the smallest bricks” of the Universe. 

•At the present we do not know a convenient way to convert an 

element to another. 
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The periodic table of elements in 
agreement with the relative 

abundance on the Earth crust 

Au 4 ppb 

Re, Rh, Os, Ir 1 ppb 

46% 

28% 8% 

5% 



Raw materials in History 
Homo sapiens starts using wood, stones and bones. Then uses gold 

because is one of the few metals in Nature. Then he learns how to reduce  

minerals to metals, then mix it to tin producing bronze. Iron metallurgy is 

more and more demanding ... 



Iron technology 

2C + O2 → 2CO 

 

Es. red siderite 

 

Fe2O3 + 3CO → 2Fe + 3CO2 



LINEAR ECONOMY 

Raw 
Materials 

Production Distribution 
Consumer 
products 

Wastes 
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(EUROSTAT http://ec.europa.eu/eurostat/statistics-explained/index.php/International_trade_in_raw_materials) 

Raw materials trade balance 
(millions of euros) 



CRITICAL RAW MATERIALS 

Raw materials becomes 
critical when the value in 
European economy is 
combined with high supply 
risk 



Critical raw material list 
fluorites Natural rubber, 

natural graphite 
and carbon coke. 

Light rare 
earths 

borates 

Phosphor 
and 

phosphates 

Platinum group 
metals 

Communication  of the European Commission COM(2017)490. 

barite 



Geography of the critical raw 
material suppliers 



Coke 
Produced by thermal treatment of 
coal at 1100-1200°C. It is used in 
mettallurgy. EU imports 63%, it is 
prudentially considered critical. 

World production per year: 
7,5 billions of tonnes 

Price ~100 €/tonn 
China 54%, Australia 15%, USA 

7%, Russia 7%, EU 5% 

energy 76%

metallurgy 24%



Phosphate rocks and white Phosphor 
Rocks with general composition 
Ca5(PO4)3(F,Cl,OH). EU import 
88%. White Phosphor  is 
produced by an energy 
intensive process. P is used in 
chemistry (90%), electronics 

(5%) and metallurgy (5%). 
 

World production per year: 
218 million of tonnes, 

Price ~100 €/ton; 
China 44%, Morocco 13%, USA 

13%, EU 0,4%. 
White Phosphor 915000 tonnes 

Fertilizers 
86% 

Food 
10% 

Detergents 
 4% 



Rare, expensive, usefull and extra-EU 

Element World 
T/year 

Abb. 
Ppm 

Price  
$/kg 

Use 

Iridium 7,1 0,001 35000-45000 Electrics, electrochemistry 

Scandium (as Sc2O 3) 15 22 4400-15000 Magnetism 

Rodium 21,5 0,001 7000-35000 Catalysts for cars … 

Ruthenium 27,7 0,001 2000-14000 Electrochemistry .... 

Hafnium 72 3  1200 Special alloys 

Berillium 320 2,3 7480 Electronics,telecommunicatio
ns 

Gallium 340 19 525 (2010) Electronics, photovoltaics 

Terbium 407 1,2 420-720 Lighting, magnetism 

Europium 470 2 150-370 Lighting, banknotes 

Indium 689 0,001 180-1000 Display, photovoltaics 

Germanium 740 1,2 940-1700 Optical fibres, photovoltaics 

Holmium,Lutetium,Ytterbium,Thulium 1764 3,2-1,3 2400-70000 Optics 

Gold 24  carats  from 9600 to 66600 $/kg in between 2001 and 2018 



Elements in a 27 kg computer  
 (1996) 

Si+Ga+Ge+Ba+Ni+Ta+Ir+V+Tb+Be+Au+Eu+Ti+Ru+Co+ 
Pd+Mn+Ag+Sb+Bi+Cr+Cd+Se+Nb+Y+Rh+Pt+Hg+As 

glass

plastics

Fe

Al

Pb+Sn

Cu Zn

Critical raw materials are shown in red 



Computer disposal at the Research 
Area in Bologna (2010) 



RAW MATERIAL SUBSTITUTION 

30 ÷ 10 kg 5 ÷ 2 kg 1 ÷ 0,5 kg 0,18 ÷ 0,10 kg 



Elements in a  smartphone 

Smartphone weight: ~100 g 

Content: 

Cu: 13.7 g 

Ag: 0.189 g 

Au: 0.028 g 

Pd: 0.014 g 

Ta: 0.5 g 

In EU 120.000.000 
smartphones per year are sold 



The black side of the linear 
economy: THE WASTE 



EU waste production in 2014: 
2.5 billions of tonnes 

6.8 millions of tonnes per day 
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480 kg of waste per year per EU 

citizen. 



Per capita waste production EU 
in2014 (Eurostat) 
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Per capita mining waste production 
and other waste (2014 Eurostat) 



Waste treatment  in Europe (2014) 

[Eurostat, http://ec.europa.eu/eurostat/statistics-explained/index.php/Waste_statistics/it] 
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Discarica 

Incenerimento 

Termovalorizzatore 

Bonifiche ambientali 

Riciclaggio 

Disposal 

Incineration 

Energy recovery 

Landfill 

Recycling 
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CIRCULAR ECONOMY 



CIRCULAR  ECONOMY 
Circular economy is a system that ensures the 
highest use value on the time of products, their 
components and their materials to create 
technological cycles that do not modify natural 
ones. 

Today only 9% of the raw materials are recycled. 

There are a lot of job opportunities. 

Creative and motivated persons are needed! 



Actions to the circular economy 
• Efficiency: use all the raw materials, byproducts  

included, and enhance product lifetime. 

• Substitution: substitute critical raw materials with 
renewable raw materials (i.e. Graphene instead of 
indium tin oxide). 

• Recycling: reuse and refurbish old devices, repair 
broken devices, recycle components and 
materials, recover energy from waste and use the 
residues for landfilling. 

• Change products with services. 



Thanks for your kind attention 
Further info: 

https://rmschools.isof.cnr.it 

Alberto Zanelli 
Tel: +39 0516399763 

E-mail: alberto.zanelli@isof.cnr.it 
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