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From the model «TakMake-Dispose» to
«CircularEconomy»

......

NATURAL TAKE MAKI DISPOSE
RESOURCES

DESIGN

WASTE
WASTE
WASTE

(e

PRODUCTION,
REMANUFACTURING!

RESIDUAL DISTRIBUTION

WASTE

http://www.ncps-care.eu/?p=1638

https://www.dccae.gov.ie/eAe/environment/topics/sustainabledevelopment/circulas
economy/Pages/default.aspx
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Circular Economy: conceptudibgramm

The raw material comes back to the production system

Raw materials

Co
Use "Sumption
' reuse, repaif

Report on CriticaRawMaterialsand theCircularEconomy
https:// ec.europa.elidocsroonidocument$27327
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The 5Rof wastemanagement:
reduce,reuse recycle re-collectionandrecover

1 REDUCE WasteNB R dzOat ifs Brigi@ golitics and choisesof individualcitizen
9 REUSE Repair reinventandrelocateproductsandgoodsthat are still reusable
3 RECYCLE Reenter asecondaryresourcein the productioncyclein therole of firstresource

_ Separatecollection throughthe separationof the wasteproduced by materials
4 RECOLLECTION " ieqorie® Fy R LI Ol F 3Ay 3o

9 RECOVER Energyvalorization(eletricaland thermal energyrecovery)

https:// www.econote.if2014/08/28/le-5-r-dei-rifiuti/
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EEE: (electrical and electronical equipment)

The AEEare devicesthat dependon electricity for
their correct operation both as users and as
generators designedto operate at voltages not
exceedinglO00V

R3

, Aoum
APPARECCH! REFRIGERANTI !l GRAND! BIANCH! TV E MONITOR

R4 R5
1 @& %

https://www.cdcraee.it/GetPage.pub_do?id=2ca980954c2d51e3014c2d99793a0031

CENTRO DI COORDINAMENTO
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https://www.cdcraee.it/GetPage.pub_do?id=2ca980954c2d51e3014c2d99793a0031
https://www.cdcraee.it/GetPage.pub_do?id=2ca980954c2d51e3014c2d99793a0031

WEEE Wastesfrom electricalandelectronicalequipmenty

WEEE arevastesfrom electricalandelectronicequipments
le all those EEEhat the ownerwantsto dispose of due to
obsolescencgbreakdownjnactivity, etc.

Endusers manufacturing companies, WEEdectionand
recoverycenters are themainactorsin the correctdisposal
of this wastes

EuropearRegulatiorprinciple cthe polluter pay<.

Thecollectiontarget towhich Europeancountriesmustaimby the end of 201%:. 65% of theaverageweightof EEE

placedon the market in thgreviousthree years
CENTRO DI COORDIMNAMENTO

https://www.lentepubblica.it/wp-content/uploads/2015/02/RAEE.jpg

https://www.cdcraee.it/GetHome.pub_do
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Categorie®f WEEE

WEEHiffer from eachother for the raw materialsthey are made of and in the ugbey hadbefore

becomingwaste

R1

refrigerators, freezers
and air-conditioners

(dangerous)

R2

washing and cooking
appliances, extractor
hoods and water-
heaters

(non dangerous)

R3

TVs and VDUs

(dangerous)

R4

small appliances and
IT, consumer
electronics and lighting
devices

(dangerous and non
dangerous)

R5

light sources

N\ l /7
/ N\
(dangerous)

Source: ECW DEuropean Catalog of Wastes




CENTRO DI COORDINAMENTO

OVERALL COLLECTION

INCREASE IN
-|-4 BB % COLLECTION VS
2016
4
NATIONAL PER
CAPITA 4 K
COLLECTION §

COLLECTION 2017 [kg]

COLLECTION IN THE 5 CATEGORIES
LA NAULULIA NCI U NRUUNUFTAFICNI

R4:18,73% 1793133 KG RL:2715%

80447944 KG

00481402 KG"

R3: 20,85%
BL772663KG
R2: 32,66%
9B173172KG

https:// www.cdcraee.itGetPage.pub_do?#2ca980954c369c25014ce55¢c67350385
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RITIRO E TRATTAMENTO DEIRIFIUTI DA APPAREC!

ANNUALE2Q1T

ENTERED
814.867.182
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Collection trend In the last 1years[kg]

https://www.cdcraee.it/GetPage.pub_do?id=2ca980954c369c25014ce55c67350385] APPORT() ANNUMLEZUI?

RITIRO E TRATTAMENTO DEI RIFIUTI DA APPARECCHIATURE ELETTRICHE ED ELETTRONICHE

2017
2011 2015 296,274,32(
260,090,413 2013 249,253,916 o g — -6
2009 o -~ O - 225,931,218 = . -o- 2016
103,042,778 o= 503, e i 283,075,012
245,350,783 237,965,563 231,717,031
o R2
(o]
2008
65,713,414 R1
60.000.000 i
R4
R5
R1
20.000.000
R2
R4
R5*
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

*valore moltiplicato per 5
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Materials componing WEEE are
biodegradable

Riskof enviromental pollution

Exhaustiblenaturalresources

Criticalraw materials

http://www.sudpress.it/rifiuti-crocettapotremo-requisirebellolampoorlandoemergenza
frutto-di-un-governceinadeguato/

Medical Devices Consumer Electronics Green Technology
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Whatisalandfill? ,
Wwhya K 2 dzWRBE®abandoned®

Realizationphase Operationalphase Closingphase
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Realizationphase

-

http://www.pisatoday.it/cronaca/visitaenrico-rosstdiscaricapeccioli25-luglio-2019. htmi / -
“
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http://www.legambientepuglia.it/areastampa/comunicatstampa/197sequestradiscaricadi-conversano

Operativephase ‘

. Js
PRy = ﬁ £ .,; . \x;"c.qn/ <
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How alandfillworks what the dangersare!

7
Covering mantle

=

cockpit
leakage
indicator

) extraction
system

. leachate

/ well

truckwheel | _—"
washing

coveriﬁg groundwater
earth | leachate tank monitoring
piezometer

http://www.crati.it/por_calabria/Sito/Pannello10/Discariche.html
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Landfill Gas Collection (To Flare Station)

http://www.geotecnologie.unisi.it/corsinew.php?act=det&wat=0&id=1901
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https://www.youtube.com/watch?v=hB2DzYB4Tt0
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What is my old pc made of?

| Personal Material
What materials Computer properties

N g ”

/ What are the most
How to recover Important
materials materials and why
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Personal Computer

Framework Programme for Research and Innovation

Plastic
materials

Lead
Aluminum

Germaniu
m

Gallium
Iron
Tin

Copper

Barium

Nickel

Zinc

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

1x1063

..

2,2

Tantalum

Indium
Vanadium

Beryllium

Gold
Europium
Titanium

Ruthenium
Cobalt
Palladium

Manganese

16x 16°

2x 103
2x106*
15,7 x 16

1,6 x 16
2x10°
15,7 x 16
1,6 x 16
15,7 x 16
3 x 16
31,5 x 16

Silver

Antimony
Chrome

Cadmium

Selenium
Radium
Platinum

Mercury

Silicon (glass)

19x 138

9x 103
6,3x 16
94 x 16

1,6 x 1¢
1x16
0,1 x 16
22 x 16
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Materials presentin WEEE
METALS

PLASTIC
MATERIALS
(polymers)

CRMs

. HEAY CHEMICAL
GLASSES COMPOUNDS
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Periodic Table of the Elements

1

V. ’Alkall Metal 'Alkallne Earth Transition Metal

2 Atomic Number — ™ &

. Atomic Symbol
Atomic Name

Atomic Mass

Basic Metal

Semimetal

= Gas at Room Temp.
BLUE = Liquid at Room Temp.
NAVY = Solid at Room Temp.
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http:// topnotchteacher.confperiodic-table-of-the-elementschartmagnetic/
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Definition of metallic material, what are its properties?

Differences between common metal and noble metal

What is the passivation of a metal or alloy?

In what form are they commonly found in nature? What are the sources’

EER This activity has received funding from the European Institute of Innovation and : .
LAl Tcchnology (EIT), a body of the European Union, under the Horizon 2020, the EU EIt RawlViaterials
Framewor k Programme for Researc h and Innova tion

Connecting matters



Metallic materials

Simplifier model of the metal bond

Metallic materials

1. Mechanical resistance O @O@OO@O@@\ Mobile electrons
SREEeE —
2. Electrical and themal o@ @ @ @ @ @@

conductivity @ @ @ @ @ @@

3. Ductility Thebondsare delocalizedn the whole crystaland the valence
electronsare not tied to a particularatom but canmovefreely
from oneatomto another
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Metallic materials and alloys

An alloy is a combination,in solution or in mixture, of two or more elements, of
which at least one is a metal and the resulting material has metallic properties
different from thoseof the relativecomponents

Steel: INOX

AlSI(Americanironand Steelnstitute),

AISI 304 Cr (18%) Ni (10%) C (0,05%);
AISI 316 Cr (16%) Ni (11.3/1%)Mo (2/3 %)

Steel:Alloy FeC cosCH+OT
Mild Steel: C < 2% (i
Castlron: C> 2%
http://www.brunoacciai.it/tecniche _materiali/acciaio_caratteristiche.php
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Corrosion and passivation of metals

Corrosion uncontrolled oxidation with the formation of a porous and non-adhered
oxidelayer.

Passivation controlled oxidation of metal with the formation of a thin layer of
adherentandnon-porousmetal oxide

OSSIDI NON
PROTETTIVI

o %.Oa ’\..(,. :
?&. FRESOOK

STRATO ADESO E
COMPATTO DI

JOQ & ol O
? Un ?f(r(ro”*
b f . ,

g 3, / __ETALL‘O ‘?- A!

Non- passuvatedmetal Passivatednetal
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Corrosiomf metals

Whathappengo my phonewhenit fallsinto the water?
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Classificatiomf metals commonmetals

Periodic table of the
Elements .

Iron (Fe) Aluminum(Al)
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Gold(Au)

oAU

Platino
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Copper(Cu)

,sCu
|

nichel « rame — zinco

Aspetto

Rame nativo

pf 1084°C,
Eredox: 0.34V
5.4 ¢/kg
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Lead(Pb)

Piombo

-Pb

Mercurio

s0Hg

O oro «— mercurio — tallio
Aspetto

tallio « piombo — bismuto
Aspetto

2T é

pf 327°C,

Liquido argenteo

pf ¢ 38°C,

Cadmium(Cd

Cadmio

Cd

-Zinc(Zn)

D mmmm
|
o
mm]

argento «— cadmio — indio
rame « zinco — gallio

Aspetto

Aspetto

metallo bianco argenteo

pf594°C,

metallo grigio-azzurrognolo

pf 693°C,
E.j=-0.77V

BRIl This activity has received funding from the European Institute of Innovation and
S Tcchnology (EIT), a body of the European Union, under the Horizon 2020, the EU

* Framework Programme for Research and Innovation
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Metals mineralsources

Magnetite (FgO,) Chalcopyrit CuFeg
https://itimoni.it/americ
alviaggicin-cile-e-isola
di-pasqua/

https://www.minieredicalamita
.It/capoliverrminiere/cuore
terra.html

Al
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Globaldlstrlbutlon of metals
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Metals the sourcesof copper

Calcopirite Bornite

CuFe3
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Globaldistributionof copper
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* Porphyry Copper “
s Sediment-hosted Copper

Qttps://geology.com/usgs/usesf-copper/
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C O p p e | | I | | n eS https://www.youtube.com/watch?v=A&fODjpB7M

EER This activity has received funding from the European Institute of Innovation and . : .
Sl Technology (EIT), a body of the European Union, under the Horizon 2020, the EU Su pported by eit ) RawMaterials

ol Framework Programme for Research and Innovation

Connecting matters




https://www.youtube.com/watch?v=A4fODjpB7M
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From traditional mine to urban mine

URBAN MINING

To Mine or not
To Mine?

0 Extraction of copr —

0 Crusching and grinding —

6 Floatation 6 Collection of WEEE

6 Concentration 0 Copper recovery from WEEE
6 Roasting . _

) : : — 0 Casting

0 Casting and conversion
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Thermal refining Thermal refining
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Polymeriamaterials

.......

Polymeric
. Al materials
Grindingof plastics (Plastic$
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Whatis a polymericmaterial?

Natural and synthetic polymers, sources and examples

Whatisit meanfor ThermoplasticThermosettingand Rubbef?

Amorphous and crystalline polymer?

Definition of composite materials

Recovery andalorizationof polymeric materials
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A polymer is a macromolecularor a molecule substancewith a high molecularweight,
consistingof the repetition of a large number of identical or different (co-polymer)
repetitive units, linkedtogetherby covalentbonds
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https:// it.wikipedia.orgwiki/Polimero
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Linearpolymer Homo-polymer (one type of repeat unit)

Linearpolymer Copolymer (at leasttwo repeatunits)

Linearpolymer Copolymer (random)

Linearpolymer Copolymer (blocks

Linearpolymer Copolymer (graft)
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Natural and synthetic polymers

Natural Polymers SyntheticPolymers
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Polymersthe sources

The thermoplasticpolymerssuch as polyethyleneand polypropyleneare synthesizedoy
addition of the respectivemonomers ethyleneand propylenewhich derive from mineral
andoil.

PE
polyethylene
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Amorphousand Crystalllnepolymers
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Thermoplastigpolymers

Thermoplastipolymersare fusesandtherefore can bemeltedandreshaped

i Ve
PEpolyethylene {ﬁ E} @ @ /
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PPpolypropylene 1 ‘TM
PET
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PMMA polymethylmetacrylato (plexiglass) \PI}
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Thermosettingoolymers

Thermosettingpolymers are non-fusible crosslinkedcompoundswith high mechanical
thermal and chemical properties However they undergo decomposition at high

temperatures
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Compositeanaterials

Compositematerials consistof more materialsthat together give an object with high

mechanicaland chemical characteristics An example is the fiberglass carbon fiber
compositematerialcarbonfibersandepoxyresin

Fiberglasgabric

Fiberglassarbonfiber PhthalicResin Advancedelectronic components
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Polymers: collection, recycling andhlorization

WEEE Collection and BN Object in recycled
LE plastic

Thermovalorization
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WEELE, glassesndchemicalcompounds
(CriticalRawMaterials)

| o b GLASSES
W E E E M O n Ito r https://ww%qsl?e'ztt/(iilhgd‘f‘?az.%z'sﬂpe(inza.htm ;

RareHearth - Phosphorous

https://www.regionieambiente.it/ritiro-e-trattamento-dei-raee/
Therare earths the phosphorusand other materialssuchas europiumand red phosphorus but alsoother rare
earth chemicalcompoundsare usedin cathoderay tubesandliquid crystaldisplays
Theseelementsare amongthoseindicatedascriticalraw materials
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The Glass

Theglasgs asubcoolediquid that appearsasanamorphoussolidor asubstancan which
atomshavenot arrangedin acrystallattice.
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The Glassrecycle

Glass can beecycledan unlimited numberof timeswithout anyalteration. In the
recyclingprocess to obtain highquality glass the different typesof glassmust be
separatedo avoidthe presenceof unwantedadditives

https://www.ecofocus.it/2016/01/davetro-rinascevetro/ http:/Mww.elysglass.com/glassideas.asp
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European Commission Publishes New Crltlcal Raw Materials
List ¢ 27 CRMs Confirmed

On 13 September 2017, the European Commission published a Communication on its long-awaited 2017 list of Critical Raw Materials (CRMs), which features 27 raw
materials and updates the 2014 list. The primary purpose of the list is to identify the raw materials with a high supply-risk and a high economic importance to which
reliable and unhindered access is a concern for European industry and value chains.

Following an objective methodology the list provides a factual tool for trade, innovation and industrial policy measures to strengthen the competitiveness of European
industry in line with the renewed industrial strategy for Europe, for instance by:

Adentifying investment needs which can help alleviate Europe Q reliance on imports of raw materials ;
Gyuiding support to innovation on raw materials supply under the EUQ Horizon 2020 research and innovation programme ;
Alrawing attention to the importance of critical raw materials for the transition to a low-carbon, resource -efficient and more circular economy

It is hoped that the list will help incentivize the European production of critical raw materials through enhancing recycling activities and when necessary to facilitate the
launching of new mining activities.

The new list features 27 raw materials: Antimony, Beryllium, Borates, Cobalt, *Coking Coal, Fluorspar, Gallium, Germanium, Indium, Magnesium, Natural Graphite,
Niobium, Phosphate Rock, Silicon Metal, Tungsten, Platinum Group Metals, Light Rare Earths and Heavy Rare Earths, Baryte, Bismuth, Hafnium, Helium, Natural
Rubber, Phosphorus, Scandium, Tantalum, and Vanadium.

*it is important to note that Coking Coal is considered a borderline case. Although it narrowly misses the economic importance threshold, for the sake of caution,
coking coal is kept on the list of critical raw materials for the EU and thus included in the table. However, it will be phased out from the next list should it fail to meet the
criteria in full.

https://ec.europa.eu/transparency/reqdoc/rep/1/2017/EN/CORD1 ~490-FI-ENMAIN-PARTL.PDF
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https://youtu.be/O3EXGIhLQs

1.2 Critical Raw materials
In products
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CriticalRawMaterials«CRMs

In a specificdocument the EuropeanCommissionidentifies the critical materials as
materials that have a high strategic importance for their use in hightech sectors
materialsthat are not replaceableandthat presentsupplyproblemsdueto their reduced
guantity andgeopoliticalproblemswhichlimit the possibilityof retrieval
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CriticalRawMaterials supplyproblems

https://youtu.be/tknkjWyJ5S4

1.3 Mining CRM
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It isimportant to note that theseraw materialsare NOTclassifiedascritical exclusivelyffor the scaregeservebut rather
because

1. High economic importance for key factors of the Europeaneconomy, such as electronics, environmental
technologiesautomotivesector,aerospacedefense health and steelproduction

2. High supply risk due to high dependencyand high concentrationsof categoriesof these materialsin specific
countries

3. Lackof (possible)substitutes,due to the unique propertiesof thesematerialsfor existingandfuture applications
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27 CriticaRawMaterials

TheEuropearCommissionn the last update of the list of CriticRawMaterialsincludes
27 materialsincludingthoselisted below.

Antimony Barytes Beryllium Borates

3 o N oot T

Magnesite Magnesium Natural Graphite Niobium

Cobalt Coking Coal Fluorspar Gallium

PGMS Phosphate Rock Silicon Metal Tungsten

Germanium Heavy Rare Earths Indium Light Rare Earths

http://criticalrawmaterials.org/
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Global Share of CriticRlawMaterials

Countries accounting for largest share of global supply of CRMs

Russia
Palladium 46 % -
P

usa China
Berylhum 90% Antimony 879%
Hebum  73% By o
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Indium 57%
Thailand Magnesium 87%
Natural rubber 32%  Natural graphite 69%
DRC ————Rwanda Phosphate rock 44%
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Scandium 66%
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__ South Africa LREES 95%
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Ruthenium 93%

http://criticalrawmaterials.org/
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CriticalRawMaterials
Magnesium, Antimony, Phosphorus, Rare Earths (light and heavy etc. are among

the most highly regarded raw materials)
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Economic importance

http://criticalrawmaterials.org/
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CriticalRawMaterials¢ RiskRating and Technology Applications

Raw Material Risk Rating Associated Technology
Rare Earths: Dy, Pr, Nd

e-vehicles, wind

Rare Earths: Eu, Tb, Y lighting
Galliumn lighting, solar
Tellerium solar
Grapghite Medium-High e-vehicles
Rhenium Medium-High fissil fuels
Halfnium Medium-High nuclear
Germanium Medium-High lighting
Platinum Medium-High fueal cells
Indium Medium-High solar, lighting, nuclear

http://criticalrawmaterials.org/
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