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This presentation will describe the scene for CRM, | will also explain the fundamentals of
CE, to go on later with the Waste of Electrical and Electronic Equipment (WEEE) and the
changes that we are making toward recycling of WEEE.
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To start, what is the meaning of raw materials.?
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What is the meaning of raw materials?

Raw materials are currently essential for the development of the
European economy. They form a solid industrial base, producing a
wide range of products and applications that are used for everyday
life and modern technologies.

Minerals and metals represent the basis of any industrial production
process. They provide everyday products and also new technological
and industrial solutions.

Raw materials are materials or substances used in the primary production or
manufacturing of goods.

Among them Critical Raw Materials (CRMs) are those raw materials which are
economically and strategically important for the European economy, but have a high-risk
associated with their supply.
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Where do we get raw materials from?

* European technology companies and mining companies have a
growing global role in accessing raw materials.

* The main sources of raw materials are located in parts of the world
that do not have political stability and economic capital is very low.

* There are more than 450 restrictions on the export of more than 400
raw materials, with a deficit of transparency in the export restriction.

The EU’s industry and economy are reliant on international markets to provide access to
many important raw materials since they are produced and supplied by third countries.

The main sources of raw materials are located in parts of the world that do not have
political stability and economic capital is very low. Being China the major supplier of
critical raw materials, accounting for 70% of their global supply and 62% of their supply
to the EU (e.g. rare earth elements, magnesium, antimony, natural graphite, etc.).

A relevant fact is that there are over 450 export restrictions on more than 400 different
raw materials.
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Where do we get raw materials from?

The EU has a high dependence on imports of high tech metals such
as cobalt, platinum, titanium and rare earth.

Examples:
» Hydrogen cars require platinum catalysts.
» Electric cars contain lithium-Cobalt batteries.

» In 2000, the EU suffered a tantalum supply crisis due to the high
demand for mobile phones.

The economy of the European Union is significantly dependent on access to raw
materials. The EU member states need not only raw materials produced in Europe but
also materials imported from elsewhere. The EU has to import metals such as cobalt,
platinum, titanium and rare earth.

Some examples are:

Hydrogen cars require platinum catalysts.
Electric cars contain lithium batteries.

In 2000, the EU suffered a tantalum supply crisis due to the high demand for mobile
phones.
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Where do we get raw materials from?

ALL COUNTRIES SPAIN METALS AND MINERALS 2016
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Source: https://resourcetrade.earth/data?year=2016&importer=7248&category=>5&units=value

As | commented before, the critical raw materials are at risk of supply because they
come from too few countries or politically unstable countries. The main sources of raw
materials are located in parts of the world that do not have political stability and
economic capital is very low.

This map shows in detail which are the main European suppliers.

For the critical raw materials, their high supply risk is mainly due to the fact that a high
share of the worldwide production comes from China (antimony, fluorspar, gallium,
germanium, graphite, indium, magnesium, rare earths, tungsten), Russia (PGM), the
Democratic Republic of Congo (cobalt, tantalum) and Brazil (niobium and tantalum). This
production concentration, in many cases, is compounded by low substitutability and low
recycling rates.
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What are the repercussions of running
out of raw material?

The population growth and living standards will increase the demand
for raw materials.

The current economic growth could compromise the existence of
some of the periodic table elements. 44 out of the 118 elements
could face critical supply problems.

Such elements restrictions are a growing concern within the EU and
around the world.

The EU has created a list of critical raw materials (CRM):
* Of high economic importance and
* With high risk of supply.

Factors such as world population growth and living standards affect the demand for raw
material, compromising the existence of some of the periodic table elements. 44 out of
the 118 elements could face critical supply problems.

To address the growing concern of securing valuable raw materials for the EU economy,
the European Commission (EC) launched the European Raw Materials Initiative. Itis an
integrated strategy that establishes targeted measures to secure and improve access to
raw materials for the EU. One of the priority actions of the Initiative was to establish a

list of critical non-energy raw materials at EU level. The first list was established in 2011
and it is updated every three years.
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What are the repercussions of running
out of raw material?

European Union (EU-28) Rest of the world (ROW)
EU-28 exports (2014)

=>

EU-28 imports (2014)

181 QI
195 Q.
@ Biomass
Total trade @ Manufactures (finished Total trade
EU-28 to ROW manufactured products) ROW to EU-28
In 2004: 455 million tonnes @ Fuels and mining products In 2004: 1664 million tonnes
In 2014: 640 million tonnes (fossil energy, metal ores In 2014: 1534 million tonnes

and non-metallic minerals)
srce: 1R /e europs eu/eurostat/data/database

Font: hutp://ec.ourops.ou/Eurcatat/data/database

To understand the potential repercussions of raw materials depletion we should focus
on the fact that the EU is heavily dependent on imported raw materials

EU imports 3 times more materials and natural resources than it exports
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Critical Raw Material (CRM)

THE PERIODIC TABLE'S ENDANGERED ELEMENTS

LIMITED AVAILABILITY - FUTURE RISK TO SUPPLY @
‘ RISING THREAT FROM INCREASED USE

Among these are: @ scrious mhmeaT v e NexT 100 vears

* Rare earths, @@@9

* precious metalsor, 0@ Q @ @

* essential elements 9@ eee

for daily life such as
phosphorus.

Not all CRMs are
chemical elements

-

Font: https://www.acs.org/content/acs/en/greenchemistry/research-
innovation/research-topics/endangered-elements.html 9

In 2015, Green Chemistry published a special issue on Elemental Recovery and
Sustainability.

Hunt as guest editor, estimated the depletion of chemical elements on the basis of the
trends in current reserves consumption. The colours indicate the risk of depletion
degree from light orange- related to a limited availability, to dark orange for in rising use
materials and red that implies a serious threat for the current reserves.
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Critical Raw Material

Cobalt reservesin the world

Bubble size: Reserves, t
min: 32 000 - max: 3 million

Font: https://wvw.compareyourcountry.org/trade-in-raw-material
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A good example of this is Cobalt.

This metal, combined with other key raw materials, is an essential component of lithium-
ion batteries, which are used to power electric vehicles.

The Democratic Republic of the Congo has the largest cobalt reserves in the world, at
some 3.4 million metric tons as of 2018. As the total global cobalt reserves amount to
6.9 million metric tons, this means that the DR Congo’s cobalt reserves account for
nearly half of the world’s reserves of the metal. Australia, in second place, holds an
impressive 1.2 million metric tons of the global cobalt reserves, equatingtoa 17.4
percent share.

Despite the expected upward trend in electric vehicles, a shortage of cobalt caused by
depletion seems unlikely. However, supply can still be disrupted by factors associated
with its high degree of concentration in one country where there is historical and
continuing conflict linked to resource extraction. Without stronger governance
mechanisms, a minerals boom could drive corruption, conflict and human rights abuses.

10
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What can we do to increase
the availability of raw
materials?

What can we do to increase the availability of raw materials?

11
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Linear Economy

NATURAL TAKE DISPOSE
RESOURCES

WASTE
WASTE
WASTE

Lineal economy limitations

» Devaluation of materials and products
» Shortage of resources and volatile prices
» Waste generated / environmental problems

| will explain the concept of linear economy and why it doesn’t work

For many years, most manufacturers and production facilities have operated using a
linear economy. A linear economy traditionally follows the “take-make-dispose” step-by-
step plan. This means that raw materials are collected, then transformed into products
that are used until they are finally discarded as waste. Value is created in this economic
system by producing and selling as many products as possible.

Among the many issues related to the linear economy limitation we can name:
Loss of the materials and products value

Lack of resources and unpredictable/inconsistent prices
Waste generation which involves environmental issues

12
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What if we turn wastes
into resources?

¢What if we turn wastes into new resources?
In that way we could make a shift from a linear economy to a circular economy

13
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Circular Economy

Source: Comisién Europea Source: https://www.worldsteel.org/en/dam/jcr:00892d89-551e-42d9-ae68-
abdbd3b507a1/Steel+in+the+circular+economy+-+A+life+cycle+perspective.pdf
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In order to create a truly sustainable future for generations to come, we need to ensure
all manufacturing processes are carried out with a circular economy in mind.

A circular economy is a closed-loop economy that aims to extend the life of assets and
resources through recycling, keeping quality materials at their highest value and utility.
Unlike linear economy that is based on creating products from raw material and
disposing of them in landfill after use, in CE products are created from recycled materials
and recycled at the end of their life. In this way, resources are conserved while the
quality of products created remains the same.

14
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Economia Circular

Apoyar el cambio hacia una economia eficiente
en el uso de los recursos

Source: https://economiacircular.org

https://www.youtube.com/watch?time_continue=190&v=RstFV_n6wRg

15

The opportunities of a circular economy span across economies, the environment,
businesses, and citizens. These benefits come together to offer a promising vision for a
regenerative and restorative economy in the future.
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What are WEEE?
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Waste of Electrical and Electronic Equipment (WEEE) is waste that is made up of devices
that base their operation on electricity and which are currently in disuse. l.e. washing
machines, computers, TVs,

fridges and phones.
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In 2016 some 44.7 million tones of
WEEE were generated, about 6.1
kg per inhabitant. The estimate for
2017 was 46 million and for the

year 2021 522 million are (OO

expected. With a growth of =5

between 3 and 4% per year.

In 2016, 447 million metric tonnes
of e-waste were generated.

This is an equivalent of almost

4,500 Eiffel towers.

In this slide we can see some figures regarding WEEE.

In 2016 some 44.7 million tones of WEEE were generated, about 6.1 kg per inhabitant.
The estimate for 2017 was 46 million and for the year 2021 52.2 million are expected.
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What kind of materials are contained
by WEEE?

Materials that have a value, either through their own
recovery or to be used to obtain energy

e [ron based metals, iron, steel ...

¢ Non-ferrous metals, Aluminum, Copper, Precious metals
e Plastics of various compositions

e Glass

e Others (wood, rubber, cardboard ...)

Recoverable Materials

Non-recoverable materials

Materials that do not have a subsequent use and which must be
disposed in controlled landfills to avoid its danger

The composition of WEEE is specific for each appliance. In order to handle this
complexity the recoverable materials found in WEEE have been divided into several
categories:

e iron and steel, used for casings and frames;

* non-ferrous metals, especially copper used in cables, and aluminum;

e plastic used as casing, in cables and for circuit boards;

e glass used for screens, windows;

e electronic devices mounted on circuit boards;

e others (rubber, wood, ceramic etc.)

WEEE also contains non-recoverable materials later landfilled or incinerated

19



Sy

©
,el.'lr_e.ca!’ L“TI @o @ RawMaterials - EIT RawMaterials is supported by the EIT,

" abody of the European Union
Jeroo®,

What is the value of WEEE?

Material kilotons (kt) Million €

Fe 7 16,283 7 3,582
Cu 2,164 9,524
Al 2,472 3,585
Ag 1.6 884
Au 0.5 18,840
Pd 0.2 3,369

Plastics 12,230 15,043

Estimated value of raw materials at

= = == 19 BILLION EUROS

Bakdé, C.P., FortiV., Gray, V., Kuehr, R., Stegmann,P. : The Giobal E-waste Monitor — 2017, United Nations
University (UNU), Union (ITU) & Solid Wast t
(ISWA), Bonn/Geneva/Vienna.

20

This slide shows the accounting global economical impact of not recycling the WEEE
Waste of Electrical and Electronic Equipment.

As you can see, it’s estimated that the value for the volume of global generated WEEE is
equivalent to 55 billion of euros.
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What's in a phone?

21

Let’s talk about one of the most cherished device — phones

21
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One iPhone requires 46 elements
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https://www.youtube.com/watch?v=665GcBAs04w
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Phones alone contain more than 46 elements along with other CRM. Although many of
these metals are present in only a milligram scale or less, they are very important for the

function of the device.

This includes elements like copper, aluminum and iron, but also less well-known
materials, like the rare earth elements.
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From a mobile phone with an average weight of about 100 grams, current treatment
techniques allow to recover 62 grams of plastics (a mixture of propylene, polystyrene,
abs and polycarbonate, among others) and 25 grams of metals, mostly aluminum and
copper. Also, a mobile phone contains 800 ppm of recoverable precious metals -
including gold, silver and palladium-, which means about 8 grams per ton of waste from
these devices.

About 10,000 mobile phones correspond to 1 ton of these devices.
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What's in a computer?

[n“ \&3

Case CPU or processor Case Fan

24

Many materials used in computer hardware can be recovered by recycling for use in
future production. Computer recycling implies the disassembly and separation of
components and raw materials of waste electronics. This would typically include PCBs
such as motherboards, power supplies, graphics cards, memory RAM sticks and hard
drives.
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What's in a computer?

*Gold - Printed Circuit Boards, Computer Chips (CPU), connectors/ fingers

*Silver - Printed Circuit Boards, Computer Chips, keyboard membranes, some
capacitors

*Platinum - Hard Drives, Circuit board components

*Palladium - Hard Drives, Circuit board components (capacitors)

*Copper - CPU heatsinks, wiring and cables, Printed Circuit Boards, Computer Chips
*Nickel - Circuit board components

*Tantalum - Circuit board components (some capacitors)

*Cobalt - Hard Drives

*Aluminium - Printed Circuit Boards, Computer Chips, Hard Drives, CPU heat sinks
*Tin - Printed Circuit Boards, Computer Chips

*Zinc - Printed Circuit Boards

*Neodymium - Hard Drives (magnets)

25

Computers consist of the following elements:
Precious metals: gold (Au), silver (Ag), palladium (Pd) and platinum (Pt);
Other metals: copper (Cu), aluminum (Al), nickel (Ni), zinc (Zn), etc.;
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What is urban mining?

Urban mining consists of recycling electrical and electronic devices to
recover the valuable materials they contain, such as gold, silver, copper,
aluminum, platinum, steel or plastics.

Mineral extraction from earth to make new electronic
devices is 13 times more expensive than obtaining them
through used devices.

https://www.bloglenovo.es/mineria-urbana-para-reciclar-residuos-electronicos/ !

26

We have spoken before about the evolving of WEEE so | want to introduce a new
concept that is URBAN MINING.

Urban Mining is simply defined as the process of reclaiming raw materials from spent
products, buildings and waste.
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How to recycle?
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Before talking about, recycling of WEEE, some context setting may be helpful. As you
know, recycling is a key industry for the way to a resource-efficient circular economy.
Recycling contributes to the security of supply of raw materials and helps to improve the
sustainability of materials.
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WEEE recycling

Selective separation
Treatment plants transport
Decontamination

P w NP

Dismantling and separation of
components

5. Recovery and reintroduction of raw
materials into the production

The northern countries

process transport up to 80% of e-
. . i waste to Asian, African
6. Depositingin landfill or energy and  countries from
South America!
recovery of non-recoverable
materials
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Steps for WEEE recycling include:

- Selective separation

- Treatment plants transport

- Decontamination

- Dismantling and separation of components

- Recovery and reintroduction of raw materials into the production process
- Depositing in landfill or energy recovery of non-recoverable materials

It is worth mentioning that 80% of e-waste from northern countries is transported to
Asia, Africa and other countries in South America.

28
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Benefits of recycling of WEEE

1. Raw materials saving
2. Waste decrease in landfills

3. Avoid the environmental impact of the
substances they contain

4. Business generation

more than 75%
of e-waste is
NOTused in
Africa!

29

Under the WEEE directive, any company that manufactures, imports, distributes or
disposes of electronic goods must deal with end-of-life products using the correct
procedures, resulting in some key benefits for the environment:

- Reduce cost materials due to the raw materials saving

- Correctly disposing of WEEE items reduces waste costs

- Using recycled rather than raw materials to make new products helps to lower levels of
greenhouse gases being sent into the environment and avoids the environmental impact
of the substances they contain in case of landfill disposal

- Business generation as a company could gain a competitive advantage: As awareness of
environmental issues grows, more and more consumers are choosing to ‘buy green’

29
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Business generation

v Opportunity to create recycling companies

v" Jobs generation

The waste of electrical and electronic devices (WEEE) could generate
more than 7,400 jobs directly in Spain, thanks to its reuse, according to a
study elaborated with the data of the sector.

https://www.youtube.com/watch?v=EzaFer]YZhU

30

To sum up, recycling of WEEE could be a great opportunity to create new companies,
generating more job positions.

The waste of electrical and electronic devices (WEEE) could generate more than 7,400
jobs directly in Spain, thanks to its reuse, according to a study elaborated with the data
of the sector.

30
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THANK YOU

www.eurecat.org
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