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Introduction

by Raffaele Lupoli
Director of EconomiaCircolare.com

Critical raw materials are now one of the key nodes in the twin transitions — Europe’s
ecological and digital transitions. Batteries, electric vehicles, photovoltaic panels, wind
turbines, electronic equipment, and high-tech infrastructure require indispensable mate-
rials, yet these are exposed to supply risks, geographic concentration of supply, and glob-
al industrial competition. This special report by EconomiaCircolare.com originates from
the need to shift the perspective from traditional mines to “urban mines” — i.e., waste
streams, end-of-life products, components and materials already circulating within the
European economy — which can become a strategic source of secondary raw materials.

The European “FutuRaM - Future Availability of Secondary Raw Materials” project pro-
vides a fundamental knowledge base to understand this transformation. Funded under
Horizon Europe, FutuRaM has developed a European knowledge base on the availability
and recoverability of secondary raw mate-
rials, with a specific focus on critical raw

“ materials, across the EU27+4 (European
. o, Union plus Iceland, Norway, Switzerland,

The future availability and the United Kingdom). The project

of critical raw materials analyses six major streams: end-of-life

ill also d ndonh batteries, waste electrical and electronic
witl atso aepe o ow equipment (WEEE), end-of-life vehicles

effectively Europe can (ELV), extractive waste, slags and ashes,

and construction and demolition waste,
RIS, collect, including decommissioned wind tur-

separate, and recover bines. The goal is not only to estimate how

them — and above 0”, much material is contained in thesg Waste
streams, but to understand where it is lo-

on how well a coordinated cated, in which products and components,
industrial strategy can at which quality levels, what losses occur

. along collection and treatment, and which
be lmp[emented across technical, economic, regulatory, and in-

countries. dustrial conditions make recovery feasible.

This report illustrates how the project lays the groundwork for defining an industrial pol-
icy infrastructure. Its stock-and-flow models, composition analyses, 2050 scenarios, and
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the Urban Mine Platform enable the identification of material hotspots, estimate the the-
oretical availability of secondary raw materials, and support evidence-based public and
industrial decision-making. From this perspective, recovery becomes a lever to simul-
taneously reduce the overexploitation of natural resources and strategic dependen-
cies, retain value within European value chains, improve the quality of incoming waste
streams at treatment facilities, and guide ecodesign, selective collection, treatment tech-
nologies, and investments.

The articles in this report follow this path, starting from the European context on criti-
cal raw materials and delving into the case of WEEE and missing supply chains, illustrat-
ing 2050 scenarios and the Italian situation. Through the lens of the FutuRaM project,
EconomiaCircolare.com creates an ideal bridge between research, industry, and poli-
cy, showing that the future availability of critical raw materials will also depend on how
effectively Europe can measure, collect, separate, and recover them — and above all, on
how well a coordinated industrial strategy can be implemented across countries.

FutuRaM Project Partners: WEEE Forum, UNITAR, Erion WEEE, Empa, Universiteit
Leiden, Technische Universitat Berlin, Ludwig-Maximilians-Universitat Miinchen,
BRGM, Sociedade Portuguesa de Inovagdo, Chalmers Tekniska Hoegskola
AB, University College London, VITO, Geoloski Zavod Slovenije, Sveriges
Geologiska Undersokning, Geological Survey of Finland, Bundesanstalt fiir
Geowissenschaften und Rohstoffe, Boliden Mineral AB, ecosystem, Ecogenesys,
WEEECycling, Lovisagruvan, University of Belgrade Faculty of Mining & Geology,
Duncan Kushnir, RECHARGE, Stiftung GRS Batterien, European Metals Recycling,
Mace, Otanmaki Mine Oy.
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FutuRaM Project:
Urban Mining at the Core
of European Industrial Policy

Funded by Horizon funds, the FutuRaM project lays the foundations of the statistical infra-
structure needed to enable recycling of Waste Electrical and Electronic Equipment (WEEE)
to make a qualitative leap: from managing a problem to becoming a tool for industrial
competitiveness and resilience.

By Alessandro Coltré

There is a point in European industrial policy where the green transition is no longer just
about clean technologies but also about data. Knowing how many critical raw materials
(CRMs) are already present in the European economy, where they are located, in which
products, components, and waste streams, has become a prerequisite for reducing de-
pendence on external suppliers and building more resilient industrial value chains.

This is the space where FutuRaM positions itself, as a European project funded by Hori-
zon that outlines the future availability of secondary raw materials, with particular atten-
tion to critical raw materials (CRMs).

FutuRaM focuses on six main waste streams: end-of-life batteries, electrical and elec-
tronic equipment (WEEE), end-of-life vehicles (ELV), construction and demolition waste,
slags and ashes, and mining residues. The project has developed methodologies, re-
porting frameworks, and digital tools (including the Urban Mine Platform) to model the
flows and stocks of secondary materials and CRMs up to 2050, enabling the identification
of material hotspots, the assessment of their recoverability, and the simulation of future

7
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availability and circularity scenarios. Among the 28 project partners are universities,
research institutes, industries, and sector associations from 11 countries, collaborating
closely with the European Commission and other key policy stakeholders.

Numbers, Industrial Policies, Resilience

If Europe wants to attempt greater independence from global supply chains, how much
can it rely on raw materials already present in the form of goods within Europe? How
much can it extract from what, in a suggestive metaphor, we call “urban mines”?

Batteries, WEEE, end-of-life vehicles, construction and demolition waste, decommis-
sioned wind turbines, slags and ashes, mining residues: these are no longer just envi-
ronmental problems to manage, but potential secondary deposits—to be measured,
assessed, and made industrially accessible in order to become a pillar of continental sup-
ply and industrial competitiveness. Not by chance, the Clean Industrial Deal identifies
the circular economy as a tool to “reduce excessive dependence on third-country raw ma-
terial suppliers, which is essential to ensure a competitive and resilient market.”

The Critical Raw Materials Act and the
Role of Urban Mining

The process is political before being technical. The Critical Raw Materials Act (CRMA) set
clear targets for 2030: at least 10% of the EU’s annual consumption of strategic raw ma-
terials to be covered by domestic extraction, at least 40% by processing capacity, at
least 25% by recycling, and no more than 65% of the supply of a single CRM from one
third country.

The European Commission then be-

“ gan translating this framework into
. an industrial pipeline, approving the

FutuRaM adds an essential first Strategic Projects in 2025: 47

layer: the ability to distinguish ~ Projects within the EU and, subse-
quently, 13 projectsoutside the EU.

between what is GCtUGHy (As an aside, it should be noted that
pregent in the waste, what European deregulation—particularly
. . regarding corporate due diligence—
IS theoretlg'ally recoverable, could make some of these projects
and what is lost along problematic or contradictory to the
the value chain. EU’s ambitions for a just transition.)

In this context, it would be
short-sighted (and harmful) to confine recycling to a matter of waste or environmental
policy: it is—or at least should be—fully part of European industrial policy (the men-
tioned Clean Industrial Deal), supply security, and the autonomy and resilience of the
industrial system. While the CRMA requires Member States to improve the collection and
recycling of waste rich in critical raw materials, FutuRaM adds an essential layer: the abil-
ity to distinguish between what is actually present in the waste, what is theoretically

8
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recoverable, and what is lost along the value chain. Without this distinction, urban mines
would remain a suggestive metaphor—one of the tools of green rhetoric—without provid-
ing a tangible contribution to the resilience of European industry.

FutuRaM, therefore, links the achievement of the CRMA recycling target to the need to un-
derstand the stocks, flows, and composition of waste. The infrastructural hardware of recy-
cling—although challenged by the lack of adequate political, and even financial, support for
European businesses, such as plastic recyclers—is connected to the software of information
and knowledge that should inform a European industrial policy worthy of the name.

For this, according to Pascal Leroy, Director General of the WEEE Forum, which brings
together 49 producer responsibility organisations for WEEE worldwide, this project is
“part of a broader security-of-supply strategy: reducing dependence on a few non-EU
suppliers for materials essential to the green, digital and defence transitions, and aligning
secondary resource planning with primary raw materials policy.”

The Recycling and Information Gap

One of the most significant results of the project is the estimate of Europe’s raw material
capital contained in ourelectrical and electronic waste, and how much of this capital is
lost. In 2022, in the EU27+4 area (European Union plus Iceland, Norway, Switzerland and
the United Kingdom), 10.7 million tonnes of waste electrical and electronic equipment
(WEEE) were generated, roughly 20 kg per person. These wastes contained approximate-
ly 1 million tonnes of 29 critical raw materials. However, only 5.7 million tonnes of WEEE
— 54% of the total — were collected and properly treated, from which about 0.4 million
tonnes of critical raw materials were recovered.

But let’s try to flip the perspective, as when looking for “hidden” objects in an image with
optical effects. Let’s focus not on what we manage to recover and recycle, but on what
we are still unable to collect and recycle, even though it is right at hand—inside our
homes, on our streets, on our rooftops. Shifting from a positive to a negative view, Fu-
tuRaM tells us that, in 2022, approximately 5 million tonnes of WEEE — 46% of the to-
tal — did not enter appropriate management channels: some ended up in improper or
non-compliant recovery processes, which sacrifice the most valuable parts; some went to
mixed municipal waste, some were exported for reuse, and some were even lost without
atrace. And, as we know, even in correctly treated streams, a portion of critical raw mate-
rials is not recovered—particularly rare earths such as neodymium, dysprosium, yttrium,
and europium, essential for magnets, fluorescent powders, and electronics. The reasons
for these additional losses are technological, economic, but also informational.

A New Way of Looking at Recycling

FutuRaM attempts to change the lens through which we view recycling. It does not stop
at noting that a product contains copper, aluminium, palladium, or rare earths; it high-
lights the industrial necessity of knowing which component they are in, what materials
are associated with it, whether the component can be separated, whether a treatment
technology exists, whether recovery is economically viable, and whether the regulatory
framework incentivises it.

9
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The goal is both to increase collection and to improve its quality, as Giorgio Arienti, Di-
rector General of Erion WEEE, Italy’s producer responsibility system for WEEE, explains:
“FutuRaM clearly shows that collecting more is not enough, because quantity without
quality does not lead to efficient recovery of critical materials. Collecting more is certainly
important, but at the same time it is crucial to collect better: selecting streams, separat-
ing materials, and reducing contamination. In practice, batteries, printed circuit boards,
and electronic boards must be treated separately to maximize recoverable value.”

To give substance to this statistical, intangible infrastructure, FutuRaM has produced clas-
sifications, datasets, stock-and-flow models, transfer coefficients, 2050 scenarios, and
proposals to improve European statistics on secondary raw materials. It has also devel-
oped an Urban Mine Platform to navigate this knowledge base and “assess the availabil-
ity and recoverability of secondary and critical raw materials in Europe.”

All of these are tools necessary to build competitiveness, resilience, and decarbonisa-
tion in European industry.

“The message of FutuRaM is that WEEE, along with other types of waste analysed in the
project—including batteries, vehicles, construction and demolition waste, mining waste,
industrial slags and ashes, and wind turbines—represents a strategic source of secondary
raw materials for Europe,” says Giulia lattoni, Assistant Programme Officer at the Unit-
ed Nations Institute for Training and Research (UNITAR). “Data show that significant vol-
umes of critical raw materials are already present in waste flows and will increase further
by 2050, but their effective recovery depends on political, infrastructural, and tech-
nological choices.”
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CRM in EU Electronic Waste:
Knowing How Many
Is Not Enough

These estimates come from the European FutuRaM project and show how much WEEE Eu-
rope produces, how many critical raw materials it contains, and why this stream is increas-
ingly considered a strategic resource

by Daniele Di Stefano

Approximately 10.7 million tonnes of WEEE in 2022. That’s how much Waste Electrical
and Electronic Equipment European citizens and businesses in the EU27+4 (European
Union plus Iceland, Norway, Switzerland, and the United Kingdom) discarded — about 20
kg per person on average.

At this point, we only see the problem. But taking a step further, we can also glimpse the
solution: the contribution these wastes can make to increase the autonomy of Europe-
an industry, reducing dependence on foreign supplies of raw materials, particularly
critical and strategic ones essential for the green and digital transitions.

This step forward is made possible by the analyses, estimates, and projections conduct-
ed for the European FutuRaM project, funded by the Horizon program. These analyses
show that within this WEEE there were approximately 1 million tonnes (Mt) of 29 differ-
ent critical raw materials. This is the figure that transforms mobile phones, computers,
screens, washing machines, refrigerators, small household appliances, and photovoltaic
panels from an environmental problem into a potential industrial resource.
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According to Giulia lattoni, Assistant Programme Officer at the United Nations Institute
for Training and Research (UNITAR), one of the project partners, “in the FutuRaM project
we have collected and harmonised observed data from official sources, such as Eurostat,
national reports, scientific literature, and industrial data, integrating them with mathe-
matical models to fill the information gap. The observed data describe the current state
of WEEE flows and their content of critical raw materials.”

In European WEEE, there is copper in cables, aluminium in casings, rare earth elements in
magnets and fluorescent powders, and platinum-group metals in electronic boards and
displays. These are not marginal materials. They are inputs essential for chemistry, met-
allurgy, electronics, engines, energy systems, photovoltaics, electric mobility, and more
generally, the green and digital transition. These are materials that European industry
needs and that it currently seeks outside its own borders.

The Gap Between Content and Recycling

A key aspect highlighted by the FutuRaM project is that “containing” does not automat-
ically imply the ability to “recycle” Of the 10.7 million tonnes of WEEE, only 5.7 million
tonnes (54%) were collected and sent for proper treatment. This made approximately 0.4
million tonnes of critical raw materials available for recycling—for example: 208 kt of
aluminium, 162 kt of copper, 12 kt of silicon, 1 kt of tungsten, and 2 tonnes of palladium.
The remainder is lost for various reasons: failure to intercept, failure to identify materials,
failure to disassemble, or technical limitations of recycling technologies.

“Not all the material present in products is actually recoverable,” clarifies lattoni, “be-
cause the availability as a secondary resource is influenced by several factors: some of
it is not intercepted by collection systems, while some, although collected, is not techni-
cally or economically accessible with current recycling technologies, due to low concen-
trations or the complexity of components. A significant portion of WEEE in Europe does
not enter formal collection channels compliant with the WEEE Directive, which reduces
the potential for recovering the critical raw materials contained within.”

WEEE and Critical Raw Materials:
The Trend

Looking to the future, the volume of WEEE is expected to increase. However, if collection
and recycling are properly implemented, This will represent an opportunity rather than
an issue to address (for completeness, this also touches on the trade-off between envi-
ronmental priorities, which encourage extending product lifespans, and industrial and
strategic priorities, which require materials to be recycled). Studies prepared for the Fu-
tuRaM project (for example, the 2050 Critical Raw Materials Outlook) estimate that in the
EU27+4 area, electronic waste could increase from 10.7 Mt in 2022 to a range of 12.5-19
Mt by 2050. Photovoltaic panels are the category with the most pronounced growth: from
0.15 Mtin 2022 to 2.0-2.2 Mt in 2050. At the same time, the amount of critical raw mate-
rials contained in these future wastes is also expected to rise: up to 1.2-1.9 Mt.

lattoni further clarifies: “The modelling estimates reconstruct or complete missing infor-
mation through coherent assumptions, weighted estimates, and mass balances, when
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possible later validated by industry experts. The future scenarios developed in FutuRaM
(business-as-usual, recovery, and circularity) are not forecasts, but represent possible
developments up to 2050 based on changes in collection systems, recycling technol-
ogies, and market dynamics, allowing an assessment of how these conditions influence
the availability and recovery of critical raw materials from WEEE and the achievement of
the targets.”

Investing in the Quantity and Quality
of Recycling

According to another report, Future Trends of Secondary Raw Materials and Critical Raw
Materials, with appropriate recycling technologies, electrical and electronic waste could
become a significant secondary source. Today, recovery mainly focuses on precious met-
als, copper, iron, and aluminium, but in the future, it could extend to other key elements
through the disassembly of components rich in critical raw materials. “FutuRaM clearly
shows that collecting more is not enough, because quantity without quality does not lead
to efficient recovery of critical materials,” explains Giorgio Arienti, Director General of
Erion WEEE, Italy’s producer responsibility system for WEEE. “Collecting more is certainly
important, but at the same time it is crucial to collect better: selecting streams, separat-
ing materials, and reducing contamination. In practice, batteries, printed circuit boards
(PCBs), and electronic boards must be treated separately to maximize recoverable value.”

Reducing Dependence

The ways we can use these valuable materials help us understand what’s at stake. Copper
is used in cables, inductors, compressors, and electronic boards. Aluminium is used for
casings and structural components. Palladium is used in electronic boards, hard drives,
and LCD and plasma displays. Rare earth elements, such as neodymium, are critical for
magnets; others, like yttrium and europium, are used in specific electronics and lighting
applications, especially in phosphors or fluorescent powders in lamps and displays. How-
ever, the strategic value — the real significance of this analysis — can probably only be ap-
preciated when considered in the context of global trade flows, and when compared to
the amounts of these materials present in WEEE — copper, aluminium, silicon, tungsten,
palladium, and rare earths — that European industry seeks and purchases from outside
its borders.

According to the CRIET (Interuni-
‘ ‘ versity Research Centre on Ter-

; ; ; ritorial Economics) and lIstat, the

With a;?proprlatg recyclmg value of Italy’s imports of critical raw
technologies, electrical materials in 2023 was €1.4 billion.
and electronic waste could “The negative balance of the trade in
become a significant critical raw materials provides an ini-

tial, and quite evident, indication of
secondary source.
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Italy’s vulnerability on this issue, highlighting its strong dependence on other countries for
this type of supply,” the authors write.

These numbers clearly explain why WEEE can no longer be viewed simply as a waste
management problem. In many cases, the materials they contain coincide with those im-
ported from a few—and not always geopolitically reliable—external suppliers. The “urban
mine” often discussed does not eliminate dependence, but it can help reduce it, thereby
increasing the competitiveness and resilience of continental industry.

Collection, recycling, critical raw materials:
2050 projections

2022 2050

Total WEEE 10,7 e 12,5-19 mt+
Generated

WEEE generated 20 kg 23,5—36,2 kg
per person

Photovoltaic panels 0,15 me 2,2 m

Total

Small 3,2 Mt 2,5-4,5 me
equipment

WEEE 5,7 mex54% 11-17] me
collected 54-85%

CRMs embedded 1 M 1,2-1,9 m
in WEEE

CRMs 0,4 me+ 0,9-1,5 me
recovered

* Million tonnes

Data EU27+4 — European Union, Iceland, Norway, Switzerland and the UK.
Source and projections: FutuRaM — 2050 Critical Raw Materials Outlook
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The Critical Raw Materials Act in numbers

34 critical raw materials identified by the European Commission,
including 17 defined as strategic

Natural
graphite
trant Platinum
Manganese [reanifiy group
metal
metals
Heavy
rare a0 Silicon
earth Gergmanium Phosphorus metal
elements
Aluminium "
Bauxite Coaking Phosphate
. Coal Rock
Allumina

Light
rare
earth
elements
Boron
Borate
. critical raw materials @ Copper
@ strategic critical raw materials

10 EU extraction capacity target by 2030, compared with the EU’s annual
% consumption of strategic raw materials

40% minimum processing capacity target by 2030

25% minimum EU recycling capacity target by 2030

6 maximum share of annual EU consumption of strategic raw materials
5% from a single third country, at any stage of processing

2 7 time limit set by the CRMA for authorising extraction projects, starting
months fromits entry into force on 23 May 2024

15 time limit set by the CRMA for authorising recycling and processing

months projects

6 o strategic projects approved under the CRMA mandate: 47 within the EU
and 13in third countries

Source: Regulation (EU) 2024/1252
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g
=
O
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European Dependencies

Countries with the highest share of Critical Raw Materials supply for the European Union
[Year 2020]

e
L .
Norway Finland
Metallic  Germanium 51% Palladium’ 40%
Silicon 30% 44"
A 3 Gallium 5% ]
S
Hafnium 84%
Indium 28%
United States Spain R
Beryllium- 8% Strontium 100% Turkey‘ LT s
Morocco Antimony 629 71;:" 5D Barite 38% Titanium* 45%
5 Phosphate 24 Borates 98% ", Bismuth 49% Tungsten* 69%
Mexico 7" " Magnesium93%  Vanadium® 39%
Fluorite 25% Natural Graphite 47% Light Rare Earths 99%
) Scandium® 66%
Guinea

ofthe Congo

Bauxite 64%
Democratic
3 Republic Natural Rubber 31%

Niobium 85% Cobalt 68%
Chile Tontalum36% Australia
Lithium 78% South Africa Coke Coal 24%
Iridium* 929% v
Platinum* 71%
Rhodium* 80%
* Share of global production. 3 Ruthenium* 93%

Source: European Commission [2020, 474, Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability]
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Improving Flows
to Recycle More

The European FutuRaM project highlights urban mines as a potential resource dispersed
across millions of products, components, and waste streams. It also identifies where inter-
ventions are needed to turn this potential into effective secondary supply

by Daniele Di Stefano

To optimize a process, it is analyzed and examined closely to identify the least efficient
phases, understand the reasons for suboptimal yields, and correct errors. Today, in Europe,
we purchase a vast number of electrical and electronic equipment (EEE) containing large
quantities and a wide variety of precious materials, such as so-called critical raw materials
(CRMs): valuable in terms of environmental impacts associated with extraction, transport,
and processing; valuable in terms of market costs (often influenced by complex geopolitical
conditions and the concentration of extraction in a few countries); and valuable in terms of
the needs of European industry, including sectors linked to decarbonization.

What appearsto be a positive scenario—a continent that does not possess the raw materials
it needs in its own subsoil but can find them in consumer goods on the market—is positive
only potentially. Europe is not yet able to take full advantage of all the electrical and elec-
tronic equipment (EEE) in circulation once it becomes waste. So, what isn’t working?

We know that Europe’s “urban mine” is only partially an immediately available resource.
Thanks to the European FutuRaM project, funded under Horizon Europe, it is now clear-
er that we are dealing with a potential dispersed across millions of products, com-
ponents, and waste streams. Turning this potential into effective secondary supply

o
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requires technology, of course. But first and foremost, it is necessary to intercept this
potential: there must be traceability, quality of flows, the ability to know where criti-
cal raw materials are before they are lost, and high-quality data.

The Heart of the Problem Lies in the
Losses

In 2022, in the EU27+4 area — European Union, Iceland, Norway, Switzerland, and the
United Kingdom — 10.7 million tonnes of waste were generated from electrical and elec-
tronic equipment (WEEE), roughly 20 kg per person — a significant amount. Within this
waste, approximately 1 million tonnes of critical raw materials were embedded: copper
in cables, aluminum in casings, rare earths in magnets and fluorescent powders, and plat-
inum-group metals in electronic boards.

Here, entropy begins. Only half or slightly more — 5.7 million tonnes of WEEE, 54% —
were collected and treated properly, meaning in a way that enables the recovery of
the industrial, environmental, and economic value they contain. Of the approximately 1
million tonnes of critical raw materials present in WEEE, only 0.4 million tonnes become
theoretically available for recovery; 0.5 million tonnes are lost during collection, and 0.1
million tonnes during recovery. The largest loss, therefore, occurs before the treatment
and recycling facility.

From these flows, approximately 0.4
“ million tonnes of those valuable raw
materials were made available for

There must be traceability recovery. If we were dealing with a
’ string of pearls whose broken thread

qual’ty OfﬂOWS: the Gbl[lty needed replacing, we would have
to know where critical raw lost more than half. This is hardly
materials are before they are acceptable given Europe’s high de-

mand. The gap between these num-
lost, and high-quality data. bers is at the heart of the problem, a
problem that extends across all stag-
es of the recycling value chain.

The Limits of Recycling Are Limits of the
Value Chain

Those who read EconomiaCircolare.com and are aware of the very low data on the col-
lection of electrical and electronic waste know that losses begin well before the recycling
process. Yet insufficient collection alone does not explain the scale of the waste. Let’s
therefore take a broader view to observe the entire value chain.
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The critical stages, as shown by analyses from the FutuRaM project, are at least four:

- Collection, where WEEE may not be intercepted,;

- Non-compliant flows, where waste is mixed, exported, or not documented;

- Pre-treatment, where dismantling and separation may fail to isolate components rich

in critical materials;

- Recycling, where some materials, especially if present in small quantities or highly dis-

persed, are not recovered.

How many raw materials do we recover from WEEE?

10,7 1

million million

tonnes tonnes

of waste of critical

electrical raw

and electronic materials

equipment embedded

(RAEE) in that
stream

2022 data, EU27+4 — European Union, Iceland, Norway, Switzerland and the UK.
Source: FutuRaM — 2050 Critical Raw Materials Outlook

0,4
million
tonnes

of critical
raw
materials

recovered
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Unrecoverable?
The hardest raw materials to recycle

IN WEEE

4.300

tonnes

4,.200

tonnes

105

tonnes

9

tonnes

Antimony
(Sh)

Strontium
(sr)

Yttrium

(¥)

Palladium
(Pd)

2022 data, EU27+4 — European Union, Iceland, Norway, Switzerland and the UK.
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The Missing Collection

The first point where a significant portion of the waste we are discussing occurs is col-
lection. According to FutuRaM, in 2022 approximately 0.5 million tonnes of critical raw
materials present in WEEE were lost at this stage: 257 kt of aluminum, 187 kt of copper,

10 kt of silicon, 2 kt of tungsten, 4 tonnes

“ of palladium, and about 9 kt of other ma-
terials, including rare earths. This is the

Almost half of the data that shifts the focus of the discus-
WEEE generated escapes sion: without intercepting the flows,
. recovery is impossible, no matter how
Comp[lant management- advanced the downstream technology is.

Ofthe 10. 7 million tonpgs The reason, as mentioned earlier, is that
produced in 2022, 5 million almost half of the WEEE generated es-

 ARO0L capes compliant management. Of the
tonnes — 46% were not 10.7 million tonnes produced in 2022, 5

collected or treated properly.  million tonnes — 46% — were not collect-
ed or treated properly. Of these:

- 3.3 million tonnes end up in non-compliant recovery processes, often mixed with
metallic or plastic waste;

- 0.7 million tonnes are disposed of with mixed municipal waste, sent to landfill or in-
cineration;

- 0.4 million tonnes are exported for reuse;

- 0.6 million tonnes disappear from the radar, remain undocumented, and are proba-
bly illegally exported or processed through informal channels.

A Mix That Dilutes Value

The second crucial point where the European economy is deprived of its valuable
WEEE—and thus of materials important for our future—lies in the loss of quality in waste
streams. When WEEE is mixed with other waste, the system can only recover some of the
simpler fractions—such as iron, steel, and sometimes copper or aluminum—while access
to materials contained in complex components, often in very small quantities, is virtually
impossible. It would be a mistake to think that the much-discussed “urban mine” can be
reduced solely to a question of quantity: the quality of the stream reaching the facilities
also matters—and matters a lot.

Pre-treatment and Information

The third weak link in the process is pre-treatment: dismantling, cleaning, shredding,
and separation. WEEE consists of complex products made of different materials connect-
ed at the assembly level or even chemically. After selective dismantling, products or com-
ponents are often shredded and separated, but the process is only partially successful:
some materials remain attached or mixed with others, which affects the possibility of
recovering them.
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For this reason, it is not enough to know that a critical raw material is present in a waste
item: it is necessary to know which component contains it and whether (and how)
that component can be separated from the rest. Palladium, rare earths, tungsten, or
neodymium are not uniformly distributed in WEEE. They may be concentrated in elec-
tronic boards, hard drives, permanent magnets, displays, cables, compressors, or pho-
tovoltaic cells. If these components are not identified and separated, the critical material
remains hidden within the waste stream.

Recycling

And now we come to recycling, which also plays a key role in the loss of materials during
its process. Even when WEEE enters the appropriate channels, not all raw materials are
recovered. In 2022, despite proper collection and treatment, approximately 0.1 million
tonnes of critical raw materials were not recovered. The losses mainly concern rare
earths such as neodymium, dysprosium, yttrium, and europium—materials essential for
magnets, fluorescent powders, and electronics.

The reasons are both technical and economic. Some critical raw materials are present
in very small quantities, dispersed across many products, or incorporated into com-
ponents that are difficult to process. For example, antimony, strontium, and yttrium
were almost entirely unrecovered in 2022; palladium showed a low recovery rate, with
only 2 tonnes theoretically available out of 9 tonnes present. Without dedicated technol-
ogies and policies, many of these materials will continue to be lost in the future.

This highlights the crucial difference between “recovery” and “recoverability.” Recov-
ery indicates what actually occurs in the process: it measures what remains available for
production purposes. Recoverability, on the other hand, indicates whether a critical raw
material can potentially be recovered, taking into account technical, economic, environ-
mental, and legal factors. A material may be present in a waste stream, but not realisti-
cally recoverable if it is too dispersed in other materials, if mature recovery technologies
are lacking, if the flow is of low quality, or if economic conditions do not make recovery
profitable.

The Crucial Role of Data

If the technical aspect is, as is well known, extremely important, the same applies to in-
formation: even data—the limited availability of data—is part of the problem. If the
composition, components, quality, and fate of flows are not known, it is difficult to esti-
mate which materials are lost, where, and where intervention is worthwhile. This is also
the role of the FutuRaM project, whose results highlighted the difficulties caused by in-
sufficient availability and poor granularity of data: information is missing for certain
product groups, at some levels of the product-component-material-element hierarchy, or
for specific components. To assess tantalum in a laptop, for example, and then recycle it,
itis not enough to know that there is an electronic board in the product: one must know
whether there are tantalum capacitors.
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Theissue, as is often the case, also involves measurement, and is therefore statistical. The
analysis of material flows, which the European project focuses on, is used to estimate
not only the quantity of secondary raw materials available, but also their location, quality,
and accessibility. For critical raw materials, where primary supply may be limited by geo-
political, economic, and environmental constraints, monitoring stocks and flows across
the entire life cycle—extraction, production, use, end-of-life, and recovery—becomes es-
sential for unbiased public decision-making, avoiding short-sightedness or tunnel vision.

How to Reduce Gaps in the System

This leads to the proposal to improve statistical classification codes. Among the recom-
mendations of the European project is to “adapt the PRODCOM (the annual EU-harmon-
ised industrial production survey) and EU List of Waste codes to improve capture of data
for secondary raw materials”. This would involve adding 30 new codes to the PRODCOM
classification and 43 to the EU Waste List. These codes would specifically aim to capture
“components that can be dismantled during waste management and have a high critical
raw material recovery potential and are mentioned in Article 26 of the CRM-Act, such as
waste printed circuit boards, permanent magnets containing rare earth elements, black
mass, and batteries that can be prepared for reuse.”

The solutions proposed within the FutuRaM project obviously target all stages where sig-
nificant losses have been observed. They are as follows:

- First, increasing compliant collection: more WEEE entering official channels means
more materials potentially available for recovery.

- Second, improving source separation and stream quality, preventing electronic
equipment from being mixed with metal, plastic, or general waste.

- Third, identifying and separating components rich in critical raw materials before
they are shredded or dispersed.

- Fourth, addressing the upstream phase of the value chain and product design: equip-
ment that is easier to disassemble, repair, and separate allows better recovery of strate-
gic components.

- Fifth, focusing on data, so that gradually harmonized, granular, and comparable
information becomes available, collected according to common classifications and
standardized product/component lists. Digital Product Passports, Battery Passports,
composition reports, Bills of Materials, and harmonized classifications can make visible
what is currently lost in the complexity of waste streams.

- Sixth, concerning facilities and industrial policies: Europe needs recovery capacity,
more selective technologies, economic incentives, and planning that links collection,
treatment, and industrial demand for secondary raw materials.
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From Content Data
to Recycling

The difference between potentially recyclable and actually recoverable material is at the
heart of the European FutuRaM project, which has measured this gap in terms of tonnes of
critical raw materials lost — also highlighting the measures needed to reduce this waste

by Daniele Di Stefano

Inside an old smartphone, a decommissioned washing machine, a discarded monitor, or
an end-of-life photovoltaic panel, there may be copper, aluminum, palladium, silicon,
tungsten, and rare earth elements. All of these are crucial materials for the green and
digital transition, yet in Europe they are exposed to supply risks and a high dependency
on external suppliers. And it is precisely this dependency that makes waste electrical and
electronic equipment (WEEE), such as those just mentioned, a potential reservoir of these
valuable raw materials. From there, we could procure materials to meet the needs of de-
carbonization and the electrification of society and the economy. But the question is not
only how much critical raw material (CRM) WEEE contains. The decisive question is rather:
how much of that material can we actually recover?

The difference may seem technical, but it is political, industrial, and environmental. A ma-
terial can be presentin waste and yet be almost unreachable: dispersed in tiny quantities,
embedded in miniaturized components, mixed with other materials, lost in non-compli-
ant collection, or sent to treatments that only recover the easiest fractions. The European
FutuRaM project, funded under the EU Horizon Europe program, seeks to make explicit
and measurable the gap between content and recoverability. It is not enough to know
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“how much material there is”: it is necessary to know where it is located, how it is bound
to the product, and what happens when that product becomes waste.

For this reason, according to Pascal Leroy, Director General of the WEEE Forum (a not-
for-profit association of 49 WEEE producer responsibility organisations across the world),
FutuRaM is “part of a broader security-of-supply strategy: reducing dependence on a few
non-EU suppliers for materials essential to the green, digital and defence transitions, and
aligning secondary resource planning with primary raw materials policy.”

Aiming for Recoverability

Critical raw materials are present in electrical and electronic waste (WEEE), that much we
know. But that is not enough. The decisive point is to understand where they are locat-
ed, in which specific component, in what form, how dispersed they are, and whether
collection and treatment systems can intercept, separate, and direct them to recycling
without losses. “The mere presence of a material in WEEE does not imply its actual re-
coverability. Recoverability depends on several enabling factors—or, conversely, barriers:
product design, concentration and distribution of materials, available recycling technolo-
gies, economic feasibility, and collection and pre-treatment systems.” tells EconomiaCir-
colare.com Giulia lattoni, Assistant Programme Officer at the United Nations Institute
for Training and Research (UNITAR). “Some materials already achieve high levels of
recovery today thanks to favorable properties and well-established technologies. Oth-
ers represent flows with growing strategic interest and recovery potential, linked to
the evolution and market penetration of the products containing them and to existing
treatment processes. Conversely, some materials remain difficult to recover due to their
dispersion within products and current technological limits, and are recovered only in
limited quantities or through processes still under development.”

The FutuRaM project shifts the focus from mere “content” to “recoverability.” As summa-
rized in one of the project’s deliverables (D3.1 Extended Waste Stream Composition Assess-
ment to Enable Secondary Raw Material Assessment), “composition data is essential for
understanding which strategic and critical raw materials are present in the waste streams,
where they are located, e.g. in which components or materials, and how they can be re-
covered.”

A “Messy” Urban Mine

The 2050 Critical Raw Materials Outlook report provides illuminating data on this. In 2022,
within the EU27+4 area (European Union, United Kingdom, Iceland, Norway, and Swit-
zerland), 10.7 million tonnes of WEEE were generated — roughly 20 kg per person.
These waste streams contained about 1 million tonnes of 29 materials that the EU has
classified as critical raw materials: “Materials of high importance to the EU economy and
of high risk associated with their supply.” The report cites very concrete examples: copper
in cables, aluminum in casings, rare earths in magnets, and platinum group metalsin
electronic boards and displays. We have learned to consider WEEE as an “urban mine,”
but it is essential not to forget that it is a “messy urban mine,” composed of diverse items,
components glued, soldered, miniaturized, or difficult to access.
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The difference between content and recoverability becomes clear with a simple question:
if an old laptop or a monitor contains copper, palladium, or rare earths, are these materi-
als automatically and easily recoverable? Not at all.

A Hierarchical Approach to Raw Materials

The recoverability of critical raw materials depends on several factors, which, ideally,
should be considered during the product design phase. It depends primarily on their
location. A material in a cable that can be easily separated does not share the same fate
as an element dispersed in tiny quantities within a circuit board, a magnet, a display, or
a composite component. For this reason, FutuRaM adopts an approach that follows a
hierarchical structure: product, component, material, element. In other words, it does
not simply record that a WEEE item contains a certain amount of copper, aluminum, or
rare earths; it aims to reconstruct where these materials are located within the product,
moving step by step from a higher-level to a lower-level hierarchy.

In the approach employed by the project, each element (neodymium, for example) is
linked to a material (permanent magnet), each material to a component (hard disk), and
each component to a product (laptop). The document also specifies that the dataset of
electrical and electronic equipment/WEEE created for the project covers 80 components,
23 materials, and 64 elements, precisely to map their composition in a highly granular
way.

This hierarchical approach can be decisive because WEEE are complex, multi-material
objects. Recycling does not consist of simply “melting everything down” to automatical-
ly obtain high-quality secondary raw

“ materials. First, the materials must
. . be “liberated”: dismantled, separat-

The I’eCOVGI’GbI[Ity of critical ed, shredded, and sorted. Each step

raw materials depends on can generate losses. The “Extended
Waste Stream Composition Assess-

several fClCtOI’S, WhiCh: idea”y: ment” document explains that the
should be considered during possibilities and limits of recycling

. are “strongly influenced by the
the product des:gn phase' performance of the liberation and

separation processes.” It also notes
that these processes are often “only partially successful,” leaving valuable materials fixed
or mixed together due to connections established during the design phase.

Recoverability or Recovery? The Data

This is where “recoverability” and “recovery” diverge: “While recovery and recycling mea-
sure the efficiency of obtaining a constituent or material after processing or waste treat-
ment, recoverability addresses the potential to recover that constituent or material in the
first place.” Recovery measures the efficiency of the process—it quantifies the actual
outcome achieved—whereas recoverability stops earlier, at the theoretical potential for
recycling. It evaluates whether a material can be recovered, with which technologies, at
what costs, and under which regulatory or environmental constraints.
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What may seem like a purely terminological distinction actually translates into some-
times striking results.

Looking at 2022, of the 10.7 million tonnes of WEEE generated in the EU+4, only 5.7
million tonnes — 54% — were properly collected and treated. From these streams, ap-
proximately 0.4 million tonnes of critical raw materials were recovered, including 208 kt
of aluminium, 162 kt of copper, 12 kt of silicon, 1 kt of tungsten, and 2 tonnes of palladium.
However, even within properly managed flows there are losses: around 100,000 tonnes
of CRMs were not recovered, particularly rare earths such as neodymium, dysprosium, yt-
trium, and europium, which are present in magnets, fluorescent powders, and electronic
components.

The largest losses, however, occur even before treatment: during collection. In 2022, 46%
of WEEE — around 5 million tonnes — did not enter proper collection and treatment
channels. Part of it ended up in non-compliant recovery processes, where only the easi-
er-to-recover materials such as iron or steel could be extracted, often at lower standards;
0.7 million tonnes went to mixed municipal waste, and therefore to landfill or incinera-
tion; 0.4 million tonnes were exported for reuse; the rest is “undocumented,” likely ex-
ported illegally or treated through informal channels.

Here, critical materials are present — it’s the collection system that’s lacking.

Technical and Economic Aspects of Recy-
cling

To put things in perspective, copper and aluminum are already recovered at a signifi-
cant scale, partly because they are present in more recognizable components or frac-
tions, such as cables, casings, and frames. Yet even for these materials, not everything
is straightforward: internal cables or very small components can be difficult to handle.
Some critical materials, on the other hand, are present in small quantities, dispersed,
or embedded in components that are hard to separate. This is the case for rare earth
elements in permanent magnets, fluorescent powders, or certain precious metals in
electronic boards and displays.

As the report notes, “CRMs with low mass fractions/grades and content in products and
waste flows, small amounts/tonnages and high dissipation generally showed lower re-
coverability.” In these cases, recycling is indeed a challenge—both technically and eco-
nomically: if the material is sparsely concentrated, if the flows are small or variable, if
there is no stable market or no specific legal recovery obligation, the recovery operation
may not be cost-effective.

The Palladium Paradox

A striking example is palladium. In WEEE, Pd—its symbol in the periodic table—is mainly
found in electronic boards, hard disks, and LCD and plasma displays. According to FutuR-
aM estimates for 2022, about 2 tonnes of palladium were recovered, while 4 tonnes (dou-
ble thatamount) were lost during collection, and 3 tonnes were lost during treatment and
recovery. Consequently, only slightly more than one-fifth is theoretically available for
recovery. We are therefore facing a paradox: the majority of this high-value material is
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lost because it does not enter the correct stream or is not properly separated.

Future estimates predict improvements, but not fully decisive ones. By 2050, with an esti-
mated 6-12 tonnes of palladium per year in WEEE (depending on the scenario), the theo-
retically recoverable share is projected to be between 2 and 9 tonnes.

One of the project reports explains: “The recoverability of platinum, palladium and
rhodium from the catalysts in ELVs is well established due to their high economic value
and concentrated presence in catalysts. However, fluctuating precious metal prices and
the need for efficient dismantling and processing technologies remain important factors
influencing recovery efficiency.”

Estimates for 2050

Overall, the 2050 forecasting models employed by the European project confirm that in-
creasing collection volumes alone will not be sufficient: the system as a whole needs to
be improved. According to FutuRaM, the quantity of WEEE in the EU27+4 area could rise
from 10.7 Mt in 2022 to a range between 12.5 and 19 Mt. The critical raw materials con-
tained in WEEE could increase to 1.2-1.9 Mt. The share available for recovery could reach
0.9-1.5 Mt, but significant losses would remain: between 200,000 and 800,000 tonnes
during collection, and between 100,000 and 200,000 tonnes during recovery. Therefore,
even in the best-case scenario, the urban mine will not empty itself: the waste it contains
must be redesigned, collected, dismantled, and treated properly.

As lattoni explains, “the future scenarios developed in FutuRaM (business-as-usual, re-
covery, and circularity) are not forecasts, but represent possible developments up to 2050
based on changes in collection systems, recycling technologies, and market dynamics,
allowing an assessment of how these conditions influence the availability and recovery of
critical raw materials from WEEE and the achievement of the targets.”

Why are these estimates important? According to the Director General of the WEEE Fo-
rum, they will allow “to set realistic yet ambitious targets for CRM recovery, eco-de-
sign, collection and recycling in implementing the CRMA (e.g. Articles on recovery from
extractive waste and products containing CRMs) and in revising waste and product legis-
lation (WEEE, batteries, ELV, construction).”

They will also allow to “prioritise waste streams and technologies with the highest re-
coverable CRM potential when allocating EU funding, designating Strategic Projects un-
der the CRMA, or designing Industrial Accelerator Act (IAA) support measures for low-car-
bon, EU-origin materials.”

A Range of Necessary Interventions

The solution outlined in the documents is not — and could not be — a single one, but a
chain of measures.

Here are the steps listed below:

Increase compliant collection, because materials that do not enter the formal collec-
tion and treatment system are unlikely to become secondary raw materials. New sorting
technologies (such as LIBS—Laser-Induced Breakdown Spectroscopy—or XRF—X-Ray
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Fluorescence, useful tools for distinguishing compositions, materials, and alloys) can
help, but they do not replace proper collection, source separation, and design for disas-
sembly.

Identify products and componentsrich in critical raw materials, to direct them towards
targeted treatment processes.

Design products for easier disassembly, because ecodesign aimed at separation helps
prevent valuable materials from being lost in mixed waste streams or undifferentiated
shredding. Labelling will also be important: to know, possibly through the digital prod-
uct passport, which and how many raw materials are in the waste and where they are
located (and potentially how to separate them from other components).

Create economic and regulatory conditions that make CRM recovery profitable, even
when they are present in small quan-
tities or embedded in components

“ that are difficult to separate.
Labelling will also be Strengthen data infrastructures.
H . ; Data themselves are, in fact, part of
important: to 'kr.IOW, pOSSIb[y the recycling infrastructure. If pro-
through the dlgltal PrOdUCt ducers, collective systems, treat-

passport, which and how many ment facilities, and authorities do

ial in th not use compatible classifications
raw materials are in the waste and vocabularies for products, com-

and where they are located. ponents, materials, and codes, it will
be difficult to know where to inter-
vene and which fractions to direct
toward targeted recovery. Harmonized composition data, granular enough to reflect the
separability of parts containing critical raw materials, will be needed. Tools such as the
digital product passport will also be necessary to convey this information.
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2050: When the Energy
Transition Also Becomes an
End-of-Life Challenge

The goal of decarbonization and the energy transition will bring with it a massive amount of
electrical and electronic waste. The European FutuRaM project provides some of the concep-
tual tools needed to ensure that this growth does not remain just a waste management issue

By Alessandro Coltré

When discussing the energy transition, we usually focus on CO2, electrification, photo-
voltaic panels, electrolyzers, and energy storage. But there is often a major absentee, a
silent yet crucial player, as the European FutuRaM project reminds us. The energy transi-
tion is not only about production, consumption, and emission reductions; it also involves
— particularly in Europe and Italy — the management of electrical and electronic waste
(WEEE). Europe is a major market for a range of products containing critical raw materi-
als (CRMs) essential for electronics, electric mobility, photovoltaics, and other strategic
technologies.

Waste and Raw Materials

The analyses produced for the European FutuRaM project provide extremely useful data
to understand both the present and future of the challenge Europe faces in transform-
ing — effectively and beyond rhetoric — this waste into material streams that enable the
energy transition.
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Let’s introduce some key figures. As previously reported, in 2022, across the EU27+4 area
(European Union, Iceland, Norway, Switzerland, and the United Kingdom), 10.7 million
tonnes of WEEE were generated, containing approximately 1 million tonnes of critical
raw materials (CRMs): copper in cables and inductors, aluminum in casings, rare earths
in permanent magnets and fluorescent powders, platinum-group metals in electronic
boards and displays, silicon in photovoltaic panels, and tungsten and vanadium in spe-
cialized components. But due to several factors — limits related to collection, the maturi-
ty of recycling technologies, equipment design, and information on the presence, distri-
bution, and concentration of critical raw materials (CRMs) — only 400 thousand tonnes
of critical raw materials were made available for recycling. Even this partial recovery
contributes to Italy’s and Europe’s dependence on foreign sources, often from geopoliti-
cally problematic countries, although the Hormuz crisis reminds us that, in the new global
scenario, there may be no entirely non-problematic countries.

FutuRaM analyses take us to 2050. Giulia lattoni, Assistant Programme Officer at the
United Nations Institute for Training and Research (UNITAR) explains: “The future
scenarios developed in FutuRaM are not forecasts, but represent possible developments
up to 2050 based on changes in collection systems, recycling technologies, and market
dynamics, allowing an assessment of how these conditions influence the availability and
recovery of critical raw materials from WEEE and the achievement of the targets”.

The Three Scenarios in FutuRaM
For 2050, FutuRaM has defined three main scenarios:

Business-as-Usual (BAU): Projection of current trends. Generated WEEE reaches 19 Mt,
driven by strong growth in electronic products and photovoltaic panels. Recovery of CRMs
remains limited to current technological capacities.

Recovery (REC): This scenario includes advanced recycling technologies and more effi-
cient collection. The quantity of generated WEEE is similar to the BAU scenario, but the
fraction of recoverable CRMs increases thanks to more targeted dismantling and sorting.

Circularity (CIR): This scenario promotes extended product lifetimes, reuse, and repair,
reducing total WEEE generation to 12.5 Mt. The fraction recovered increases because the
flows are of higher quality and more traceable, although the overall volume of waste is
lower.

In summary, FutuRaM estimates indicate that the quantity of WEEE in the EU27+4 area
could increase from 10.7 Mt in 2022 to a range between 12.5 and 19 Mt by 2050. Criti-
cal raw materials contained in WEEE could rise to 1.2-1.9 Mt. The fraction available for
recovery could reach 0.9-1.5Mt, yet significant losses would remain: between 200,000
and 800,000t during collection, and 100,000-200,000t during recovery. So even in the
best-case scenario, the urban mine won’t yield its resources automatically: the waste it
contains must be deliberately redesigned, collected, dismantled, and processed properly.
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Hierarchy and Transfer Coefficients

To outline these possible futures, analysts developed a methodology that combines
stock-and-flow models with POM (placed-on-market) data to estimate WEEE and CRMs
up to 2050. The model tracks materials along a hierarchy from macro to micro (product-
component-material-element).

A key element of the FutuRaM method is the transfer coefficients: parameters that es-
timate, for each material or component in WEEE or other waste, the fraction that is re-
tained, recovered, or lost at every stage of the value chain (collection, dismantling,
shredding, separation, recovery). They allow the composition of products to be translated
into an estimate of the theoretical recoverability of critical raw materials. They can also
be used to model future scenarios and calculate the mass balance of material flows up
to 2050.

What s evident is that the energy transition brings new waste streams that will feed an
urban mine of strategic materials. However, if we do not want this mountain of waste to
remain merely a problem and instead turn it into an industrial and strategic opportunity,
we will need to deploy planning, advanced technologies, adequate compliant collec-
tion, component identification, and granular data to monitor the quantity, quality, and
accessibility of these materials.

For this reason, according to Pascal Leroy, Director General of the WEEE Forum, which
brings together 49 producer responsibility organisations for WEEE worldwide, FutuRaM
is “part of a broader security-of-supply strategy: reducing dependence on a few non-EU
suppliers for materials essential to the green, digital and defence transitions, and aligning
secondary resource planning with primary raw materials policy”.
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How much will be recycled in 2050?

2022 2050
Copper 162 ktt/year 307-533 kt*/year

Aluminium 208 Kkt*/year 506—806 kt*/year
Silicon 12 kt*/year 17'28 kt*/year
Tungsten 1 kt*/year 1'3 kt*/year

Palladium 2 t/year 2‘9 t/year

* Kt= 1.000 tonnes

Data EU27+4 — European Union, Iceland, Norway, Switzerland and the UK.
Source and projections: FutuRaM — 2050 Critical Raw Materials Outlook
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From Urban Mines
to Industrial Strategy

Dependence on critical raw materials is not reduced solely through mining, trade agree-
ments, or fast-track authorizations. It also requires building public and industrial capacity to
understand the European “urban mine” as a strategic infrastructure.

by Raffaele Lupoli

The new phase of Europe’s critical raw materials strategy has brought an important
awareness: it is necessary to know not only how much material is present in electrical
and electronic equipment, but also where it is, in which components, with what level
of recoverability, in which year it will become available, and with which technologies
it can re-enter the economy. This is where a seemingly technical project like FutuRaM,
supported by the European Union, intersects with the heart of the Old Continent’s indus-
trial policy. Dependence on critical raw materials is not reduced simply by opening mines,
signing trade agreements, or fast-tracking authorizations. It is also reduced by building
public and industrial capacity to understand the European “urban mine” as a strategic
infrastructure.

The Critical Raw Materials Act (CRMA) sets ambitious 2030 targets for extraction, pro-
cessing, recycling, and reducing dependency. However, the real goal is to translate those
targets into actionable policies and guidelines, facilities, shared and interoperable data,
fast-track authorizations, secondary markets, recovery capacities, and the construction
of value chains capable of keeping processing and transformation of products within Eu-
ropean borders.

READ THE FULL DOSSIER ON THE FUTURAM PROJECT
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The New Geography of Industrial
Security

As is well known, critical raw materials are essential for renewables, energy storage, dig-
ital technologies, aerospace, and defense. In this context, the European Commission re-
ports that European demand for rare earths could grow sixfold by 2030 and sevenfold by
2050, while lithium demand could increase twelvefold by 2030 and twenty-onefold by
2050. However, Europe’s challenge is not simply its dependence on imports of these raw
materials. The real vulnerability lies in the fact that key stages of the value chain—such as
refining, separation, magnet production, and component manufacturing—are con-
centrated outside the European Union. The risk, therefore, is that Europe may finance
decarbonization and the so-called “twin transition” without possessing sufficient indus-
trial levers to govern it. This is why it is crucial to implement a raw materials policy that
combines strategic autonomy, economic security, sustainability, and industrial policy.

The CRMA acts on multiple levels: lists of critical and strategic raw materials, Strategic
Projects, faster authorisations, stress tests, supply chain monitoring, national exploration
programmes, recovery from waste and extractive residues, requirements on permanent
magnets, and increased circularity. For projects selected as “Strategic Projects,” the reg-
ulation also provides support for access to finance and shorter authorisation timelines:
27 months for extraction permits and 15 months for processing and recycling. This rep-
resents a profound transformation of the public role. The aim is to directly shape the
architecture of value chains, but here the first bottleneck emerges. Without reliable data
on available secondary resources, losses along the value chain, and priority components,
European policy risks operating between ambitious targets and insufficient opera-
tional capacity.

The Urban Mine as a Knowledge
Infrastructure

The first testbed came in 2025 with the selection of Strategic Projects. The Commission
approved those located within the EU on 25 March 2025 and those outside the EU on
4 June 2025: they concern the extraction, processing, recycling, and substitution of 14
strategic raw materials. The 47 projects within the European Union are designed to
strengthen domestic capacities for strategic raw materials, while the first 13 projects
outside the EU aim to diversify supply sources. This represents a strong push to reduce
the riskiest dependencies, build capacity in currently weak segments, and leverage the
Single Market to support projects across the entire value chain. This push requires rap-
id timelines but clashes with the need to initiate exploration of new extraction facilities,
authorize recovery, processing, and transformation plants, secure capital, expertise, and
technologies, as well as properly consider community involvement and the social accept-
ability of the proposed infrastructure. The European Court of Auditors, in its Special Re-
port on critical raw materials and the energy transition, warned that measures to diversify
imports, increase domestic production, and improve resource management are still not
producing sufficient results to secure the process. This is why urban mines become a
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decisive terrain, as they can reduce pressure on global markets, lower vulnerability, and
create European value chains less exposed to geopolitical shocks, likely in a shorter
timeframe than primary supply.

The FutuRaM project sits squarely in this gray area between knowledge, statistics, and
industrial policy, developing a knowledge base on secondary raw materials with a par-
ticular focus on critical ones. It produces highly useful datasets, but above all it directs
attention to the specific understanding of the flows, the components in which ma-
terials are contained, and their recoverability. This information, in turn, allows focus
on the technical and economic chain needed to truly valorize urban mines. An electronic
board, a permanent magnet, an electric motor, a battery, or a photovoltaic panel are not
equivalent from a recovery perspective. They differ in material concentration, dispersion,
disassembly feasibility, available technology, economic value of the recoverable fraction,
applicable regulations, and market presence. Here, the connection with the CRMA be-
comes direct. If Europe wants to reach a 25% recycling capacity relative to annual strate-
gic raw material consumption, it must know which flows can realistically contribute to
that goal.

From Raw Materials Diplomacy to
Aggregated Demand

Along this line of action is the creation, by the European Union, of common market instru-
ments. The Raw Materials Mechanism, part of the EU Energy and Raw Materials Platform,
was launched in November 2025 with the goal of connecting industrial demand, global
suppliers, financial institutions, and storage solutions. The Commission describes it as
a tool to aggregate demand, promote joint purchasing, develop strategic projects, and
connect off-takers (producers committed to supplying a good at a set price for a defined
period) with investors.

Beyond promoting partnerships or funding individual projects, the EU is therefore seek-
ing to build a collective capacity for purchasing and demand coordination, in order
to support companies that, on their own, lack sufficient bargaining power, time horizon,
or financial instruments to carry out projects alternative to supply chains dominated by
large non-European players.

But here too, the secondary dimension is decisive. If the platform is used only to better
purchase primary raw materials, it will remain a diversification tool. If, however, it man-
ages to include secondary raw materials, off-take agreements for recovered materials,
strategic stocks, and data on waste hotspots, it can become a component of industrial
circular policy. FutuRaM provides the informational support for this leap: the Urban Mine
Platform is designed to integrate datasets useful for identifying material hotspots and
supporting coherent policies for the recovery of critical and strategic raw materials.
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Clean Industrial Deal and Industrial Ac-
celerator Act

The strategy on critical raw materials does not advance in isolation. The Clean Industrial
Deal, presented by the Commission on 26 February 2025, was designed to turn decarbon-
ization into a driver of industrial growth, with a focus on energy-intensive industries—
steel, metals, chemicals—and cleantech. Within this framework, circularity is explicitly
highlighted as a tool to reduce waste, extend the lifespan of materials, and decrease de-
pendence on non-EU suppliers of raw materials. The subsequent Industrial Accelerator
Act, proposed by the Commission on 4 March 2026, pushes this logic even further. The
new measures target strategic sectors such as steel, cement, aluminum, automotive, and
net-zero technologies, with the possibility of extension to other energy-intensive indus-
tries. The goal is to accelerate industrial capacity and decarbonization, also through faster
and digitalized permitting procedures.

The link with critical raw materials is deeper than it might seem at first glance. If Europe
wants to revive clean manufacturing, batteries, electric vehicles, renewables, electrolyz-
ers, semiconductors, defense, and data centers, it will need to manage three markets
simultaneously: energy, technology, and materials. In this sense, the Clean Industrial
Deal and the CRMA are two facets of the same policy: the first aims to create demand and
industrial capacity, while the second seeks to secure the material inputs for that capacity.

The risk, however, is that public or incentivized demand focuses solely on “Made in Eu-
rope” content without a sufficient European infrastructure for secondary materials. Re-
warding European products made with critical raw materials imported from fragile or
concentrated supply chains would not truly make the EU economy resilient. European
industrial policy will therefore need to avoid an artificial separation between manufac-
turing and recycling, between final product and raw material, and between green public
procurement and recovery capacity.

RESourceEU: Between Economic Security
and Circularity

RESourceEU also plays a prominent role within the European framework of initiatives de-
signed to accelerate the creation of a European market and value chain for critical raw
materials. This action plan was adopted by the European Commission in December 2025
asthe application of the REPowerEU logic to raw materials: reducing deep dependen-
cies through diversification, financial instruments, public-private coordination, and
shared operational capacities. RESourceEU introduces or strengthens tools such as a
European Critical Raw Materials Centre, a coordinated approach to stock management, a
joint procurement mechanism via the Raw Materials Platform, and measures to reinforce
the secondary market, particularly for permanent magnets and critical materials linked to
strategic industrial sectors.

Europe has begun to build the framework: CRMA, Strategic Projects, Raw Materials Mech-
anism, RESourceEU, Clean Industrial Deal, Industrial Accelerator Act. It now needs to en-
sure that these tools do not operate in parallel without integration. Reducing dependency
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will not be the result of a single regulation, but of the ability to connect industrial policy,
circularity, and material knowledge. This is where FutuRaM intersects with European
policies, providing the informational conditions so that strategic autonomy does not re-
main a slogan and the new European industrial policy does not become a victim of the
materials it should be learning to govern.
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Italy’s Strategic Autonomy
Is Still to Be Played

Italy is still far from closing the loop on the electrical and electronic waste (WEEE) supply
chain and the valuable materials it contains. The greatest value lies precisely in the down-
stream stages that are missing in our country—and more broadly across Europe.

by Raffaele Lupoli

For Italy, the critical raw materials challenge is practically at kickoff. The tentative signs
of improvement in collection are not enough to bring the country closer to European
targets: according to the 2024 WEEE Management Report, prepared by the Italian WEEE
Coordination Centre (CdC RAEE) to monitor household and professional WEEE sent for
recycling and processed in facilities, the collection rate stands at 29.64%, against an EU
target of 65% in force since 2019. But unfortunately, this is not the only critical issue in
the system. Giorgio Arienti, Director General of Erion WEEE, explains to EconomiaCirco-
lare.com that even today, “in Italy, there is still a lack of complete and standardized data,
advanced recycling infrastructure, and integrated industrial processes, which means that
alarge portion of the critical materials present in WEEE is either exported or lost, resulting
in economic and technological losses.”

The game therefore begins in our drawers full of cables, appliances, and devices that
need to be disposed of correctly, but it must necessarily continue by looking beyond
collection—which certainly needs significant strengthening—to create a system capable
of building national value chains that retain value.
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An Industrial Value Chain Yet to Be Built

Fortunately, awareness is growing — for now more within civil society than in political
action — that WEEE is no longer merely a waste stream to be properly managed, but a
component of industrial policy. A policy that is yet to be built, and that must be based
on planning grounded in data and
projections, as FutuRaM, the Hori-

(44 zon Europe project dedicated to the
future availability of secondary raw

Fortunately, awareness materials, attempts to do. Not all crit-

is growing — for now more ical raw materials behave in the same

way. Aluminum and copper, present
in larger quantities and more consol-

within civil society than

in political action — that idated fractions, are already recov-
WEEE is no longer merely a ered at a significant scale. Elements

such as neodymium, dysprosium,
waste stream to be properly palladium, or tungsten, however, re-
managed, but a component quire component identification, se-

lective dismantling, dedicated tech-
nologies, outlet markets, and stable
volumes. Projections for the growth
of WEEE — particularly photovoltaic panels, but not limited to them — make a coordinat-
ed European-level strategy even more necessary, to identify, country by country, and
therefore also in Italy, which flows should be treated and, ideally, reintegrated into the
production system within European borders.

of industrial policy.

Saying “recycling” alone is therefore not enough. One must examine each individual
electrical and electronic device once it becomes waste to understand its full potential in
detail, while also ensuring there are sufficient materials to make the creation of process-
ing facilities economically viable and to identify the industries interested in using them.

The System Can’t Run Without Stable Flows

The President of the CdC RAEE, Giuliano Maddalena, introducing the 2025 Annual Re-
port, highlights that the system is well-established, but territorial differences “keep Italy
far from the European targets for interception.” Indeed, the numbers for domestic WEEE
collection tell a familiar story of highly uneven performance: the North reaches 192,952
tonnes and 7.02 kilograms per capita (kg/inhabitant), the Center 85,854 tonnes and 6.61
kg/inhabitant, while the South reaches 88,085 tonnes and 4.76 kg/inhabitant. Campania,
with 2.95 kg/inhabitant, remains the national laggard.

Increasing collection means stabilizing waste flows. And without stable flows, the possi-
bility of establishing advanced treatment facilities diminishes. Arienti clarifies that today
many Italian plants are limited to separating high-value components, such as electronic

40

FROM URBAN MINING TO INDUSTRIAL POLICY g

TABLE OF CONTENTS


https://futuram.eu/

boards and printed circuits, which are then exported to countries equipped with more
advanced technologies. Italy, therefore, is still far from closing the loop. The greatest
value lies precisely in the downstream stages that our country—and Europe more broad-
ly—still lacks: refining, fine separation, recovery of elements present in small quantities,
and the production of materials and components for new industrial supply chains.

What Is Needed to Retain Value in the
Country

For industry insiders, the case of neodymium has become paradigmatic. This element
is essential for producing permanent magnets found, for example, in smartphones, wind
turbines, hybrid and electric vehicle motors, and computer hard drives. If an Italian com-

pany recovers it from WEEE, it will

“ have to export it for processing, and

the component containing it will

Creating an industrial then need to be purchased—almost

demand for the recovered always from non-European compa-
nies.

materials is an urgent issue , . .

Creating an industrial demand for
that our country must address the recovered materials is an urgent
in coordination with other issue that our country must address

. in coordination with other Europe-
European nations. an nations. Meanwhile, without val-

ue chain agreements, long-term con-
tracts, technical standards, and manufacturing outlets, secondary raw materials continue
to be an accounted-for resource but remain unexploited.

The barriers identified by the European FutuRaM project accurately reflect the Italian sit-
uation: recycling infrastructure is lacking for emerging flows such as lithium-ion batter-
ies, electric vehicles, NdFeB (Neodymium-Iron-Boron) magnets, and photovoltaic panels;
there are no adequate specific recovery targets or end-of-waste criteria; and materials
present at low concentrations exhibit weaker recoverability if they are not concentrated
in separable components.

This highlights the importance of ensuring traceability and data availability, including
through digital product passports, the Battery Passport, and interoperable reporting
systems — essential tools to prevent critical raw materials from remaining invisible with-
in complex products.

An invisibility we can no longer afford, given the dual urgency of safeguarding our coun-
try’s strategic autonomy and addressing the imbalances caused by the overexploitation
of natural resources.
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WEEE FORUM

“FutuRaM is an enabling layer
for EU CRMs regulations”

Interview with Pascal Leroy, Director General of the WEEE Forum, a not-for-profit asso-
ciation of 49 WEEE producer responsibility organisations across the world: “FutuRaM
supports implementation of Critical Raw Materials Act obligations on recovery and cir-
cularity.”

by Raffaele Lupoli

Pascal Leroy, as Director General of the WEEE Forum, could you explain why FutuRaM
can be considered a strategic project for Europe, rather than just a research project on
waste?

The EU has moved from discussing CRMs to imposing binding benchmarks under the
Critical Raw Materials Act for extraction, processing and recycling, including a 25% re-
cycling benchmark for strategic materials by 2030; meeting these requires knowing
where secondary CRMs are, in what quantities and under which conditions they can be
recovered.

FutuRaM responds by building a Secondary Raw Materials (SRM) knowledge base and
UNFC-based assessment framework for key waste streams (batteries, WEEE, vehicles,
mining waste, slags/ashes, construction & demolition), directly supporting implementa-
tion of CRMA obligations on recovery and circularity.
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This makes FutuRaM part of a broader security-of-supply strategy: reducing dependence
on a few non-EU suppliers for materials essential to the green, digital and defence transi-
tions, and aligning secondary resource planning with primary raw materials policy.

What knowledge gap does it aim to fill with regard to critical raw materials, the circu-
lar economy and strategic autonomy?

Before FutuRaM, the EU had fragmented, non-comparable data on CRMs in waste streams,
with limited ability to link product stocks, flows, recycling performance and future avail-
ability scenarios in a coherent, open framework.

FutuRaM explicitly aims to “improve the raw materials knowledge base” by harmon-
ising methodologies, reporting structures and guidance on SRM/CRM availability and
recoverability up to 2050, integrating economic, technological, regulatory, social and en-
vironmental dimensions.

In CRM and circular-economy terms, the gap is threefold: (i) Where and in what concen-
trations CRMs are present across the six waste streams today and in future (stocks and
flows, including WEEE). (i) How much is technically and economically recoverable under
different policy and technology scenarios, and which projects are viable when assessed
via UNFC. And (iii) How to make this information accessible (e.g. via an open knowledge
base and upgraded Urban Mine Platform) so it can guide real-world investment and policy
choices rather than remain in isolated studies.

How can the project’s results be used in concrete terms by policymakers, consortia and
industrial supply chains?

Policymakers:

- Use the SRM knowledge base and 2050 CRM outlooks to set realistic yet ambitious tar-
gets for CRM recovery, eco-design, collection and recycling in implementing the CRMA
(e.g. Articles on recovery from extractive waste and products containing CRMs) and in
revising waste and product legislation (WEEE, batteries, ELV, construction).

- Prioritise waste streams and technologies with the highest recoverable CRM potential
when allocating EU funding, designating Strategic Projects under the CRMA, or design-
ing Industrial Accelerator Act (IAA) support measures for low-carbon, EU-origin mate-
rials.

Producer responsibility organisations:

- Use FutuRaM data to identify where higher collection, pre-treatment or specialised re-
covery would yield the greatest CRM gains per euro invested, and build business cases
for new facilities or upgrades.

- Rely on UNFC-based project classifications and case studies to de-risk investment dis-
cussions with regulators, investors and technology providers, showing that CRM recov-
ery projects meet environmental, social and economic viability criteria.

Industrial supply chains (OEMs, recyclers, material users):

- For OEMs and downstream users, feed FutuRaM’s scenarios into procurement and de-
sign strategies: e.g. anticipating future secondary supply, designing products for disas-
sembly and CRM recovery, or planning offtake agreements for recycled CRMs.
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- For recyclers and processing industries, use the dataset to benchmark available
CRM-rich waste streams, decide where to site plants, and align investments with CRMA
Strategic Projects and future IAA procurement rules favouring EU-origin, low-carbon
materials.

After the Critical Raw Materials Act and the first European Strategic Projects, what role
can FutuRaM play, also in light of the recent Industrial Accelerator Act?

The CRMA is now in force and sets quantitative benchmarks, establishes “Strategic
Projects” across the value chain, and obliges Member States and operators to improve
recovery of CRMs from waste, especially in sections dealing with extractive and manu-
facturing waste.

FutuRaM positions itself, in its own CRMA commentary, as providing the knowledge base
and UNFC-aligned tools needed to (i) identify which waste streams and projects should
be prioritised and (ii) supply high-quality data to support the designation and monitoring

of Strategic Projects, notably in Article 27 and related provisions.

The proposed Industrial Accelerator Act (1AA) seeks to rebuild Europe’s industrial base
and requires specific minimum shares of low-carbon, often EU-origin, materials in public
projects (e.g. low-carbon steel, aluminium, cement), directly increasing demand for re-
liable EU secondary material streams. In this context, FutuRaM can: Help quantify how
much of this demand could credibly be met from EU secondary sources and under what
timelines, strengthening the case for linking IAA implementation to circular-economy and
CRM-recovery investments. Provide evidence to integrate raw-materials considerations
(including CRM recovery from WEEE, batteries and construction waste) into IAA-driven
industrial planning and into future updates of both CRMA and related product/waste leg-
islation.

In other words, FutuRaM is an enabling layer: it translates the high-level ambitions of
CRMA and IAA into a map of where Europe’s secondary CRMs actually are, how fast they
will become available, and which concrete projects should be pursued first.
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ONITAR

“Invest in data quality for a
more efficient recovery”

Giulia lattoni, Assistant Programme Officer at the United Nations Institute for Training
and Research (UNITAR): “Data show that significant volumes of critical raw materials are
already present in waste flows and will increase further by 2050, but their actual recovery
depends on political, infrastructural, and technological choices”

by Daniele Di Stefano

What is the difference between observed data, modelling estimates, and future sce-
narios in the results of the FutuRaM project?

In the FutuRaM project we have collected and harmonised observed data from official
sources, such as Eurostat, national reports, scientific literature, and industrial data, in-
tegrating them with mathematical models to fill the information gap. The observed data
describe the current state of WEEE flows and their content of critical raw materials. The
modelling estimates reconstruct or complete missing information through coherent
assumptions, weighted estimates, and mass balances, when possible later validated by
industry experts. The future scenarios developed in FutuRaM (business-as-usual, recov-
ery, and circularity) are not forecasts, but represent possible developments up to 2050
based on changes in collection systems, recycling technologies, and market dynamics,
allowing an assessment of how these conditions influence the availability and recovery
of critical raw materials from WEEE and the achievement of the targets.
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What does it mean, in simple terms, to measure the availability of critical raw materi-
als in WEEE?

Measuring the availability of critical raw materials in WEEE means quantifying the entire
value chain of the waste: from the generation and collection of flows, to their composi-
tion in terms of critical materials and elements, and up to the treatment and recovery
processes.

Not all the material present in products is actually recoverable, because the availability

as a secondary resource is influenced by several factors: some of it is not intercepted
by collection systems, while some, although collected, is not technically or economically
accessible with current recycling technologies, due to low concentrations or the com-
plexity of components. A significant portion of WEEE in Europe does not enter formal
collection channels compliant with the WEEE Directive, which reduces the potential for
recovering the critical raw materials contained within.

FutuRaM therefore integrates data on composition, waste flows, and treatment processes
to estimate how much material can be obtained as a secondary resource.

Why is it important to distinguish between materials contained in WEEE and materials
that are actually recoverable?

Itis crucial because the mere presence of a material in WEEE does not imply its actual re-
coverability. Recoverability depends on several enabling factors—or, conversely, barriers:
product design, concentration and distribution of materials, available recycling technol-
ogies, economic feasibility, and collection and pre-treatment systems. Some materials
already achieve high levels of recovery today thanks to favorable properties and well-es-
tablished technologies. Others represent flows with growing strategic interest and recov-
ery potential, linked to the evolution and market penetration of the products containing
them and to existing treatment processes. Conversely, some materials remain difficult to
recover due to their dispersion within products and current technological limits, and are
recovered only in limited quantities or through processes still under development.

What is the main message that FutuRaM data convey to Europe today?

The message of FutuRaM is that WEEE, along with other types of waste analyzed in the
project — including batteries, vehicles, construction and demolition waste, mining waste,
industrial slags and ashes, and wind turbines — represents a strategic source of second-
ary raw materials for Europe. Data show that significant volumes of critical raw materials
are already present in waste flows and will increase further by 2050, but their actual re-
covery depends on political, infrastructural, and technological choices.

It is therefore necessary to strengthen collection and recycling capacity, while also pro-
moting prevention strategies. A key element is shifting from an assessment based primar-
ily on economic feasibility to a perspective that also includes environmental benefits,
supply security, and reduced emissions from primary production. Finally, it is essential
to invest in data quality to guide political and industrial decisions that are truly effective.
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ERION WEEE

“In collection, quantity is not
enough”

Interview with Giorgio Arienti, Director General of Erion WEEE, on the results of the Euro-
pean FutuRaM project

by Alessandro Coltré

Giorgio Arienti, you are the General Manager of Erion WEEE, Italy’s largest producer
responsibility system for electrical and electronic equipment waste. Could you explain
where the main value losses occur today in WEEE flows?

According to the results of the FutuRaM project, Europe generates over 12 million tonnes
of WEEE each year, but only a portion is treated in a way that allows the recovery of critical
and precious metals: only half of the WEEE generated undergoes adequate treatment,
enabling the recovery of about 0.4 Mt of critical raw materials (2022 data). The main val-
ue losses occur particularly in unsegregated or contaminated streams, where critical
materials (for example, those in batteries, printed circuit boards, and advanced electronic
components) end up diluted within general metal fractions. In concrete terms, up to 70%
of the potential recovery of precious and critical metals can be lost if proper technologies
and processes are not applied. Furthermore, the lack of detailed data and standardized
methodologies makes it difficult to identify where to act. A solution like the Urban Mine
Platform developed by the FutuRaM project, however, allows the identification of so-
called “material hotspots” — waste streams with high concentrations of critical ma-
terials that, if properly managed, can generate significant economic and industrial value.
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Which counts more: collecting more WEEE or collecting it better, and what priority ini-
tiatives should be implemented on both fronts?

FutuRaM clearly shows that collecting more is not enough, because quantity without
quality does not lead to efficient recovery of critical materials. Collecting more is certainly
important, and for this it is necessary both to educate citizens about what WEEE are and
why proper separate collection is essential, and to bring WEEE collection to high-traffic
and frequently visited locations, such as offices, schools, and local supermarkets. Lim-
iting WEEE collection to municipal recycling centers and EEE (Electrical and Electronic
Equipment) stores does not significantly increase the amounts sent for proper treatment.
At the same time, it is crucial to collect better: selecting streams, separating materials,
and reducing contamination. In practice, batteries, printed circuit boards, and electron-
ic boards must be treated separately to maximize recoverable value. Priority initiatives
should focus on developing and implementing advanced separation technologies that
allow critical metals to be extracted with maximum efficiency, alongside standardized
processes for WEEE classification and tracking, which are essential for obtaining reliable
data to support strategic decisions. Optimizing logistics is equally important, minimiz-
ing waste and losses throughout the entire value chain. Only by effectively combining
quantity and quality in collection and treatment can we significantly increase the value
recovered from WEEE and contribute concretely to the supply security of strategic raw
materials in Europe.

Which product categories or components deserve the most attention today if the goal
is to recover critical raw materials?

The FutuRaM project has shown that the waste streams richest in critical materials are
WEEE containing lithium and NiMH batteries, printed circuit boards, and electronic
boards (from which rare earths, copper, cobalt, nickel, and other precious metals can be
recovered), LEDs and fluorescent lamps, and advanced components of household appli-
ances such as electric motors, sensors, and microchips.

The data collected by the project through sampling of WEEE in different Member States
indicate that approximately 10-15% of the weight of household and professional WEEE
consists of critical or precious metals, mainly concentrated in copper in cables, alumi-
num in casings, rare earths in magnets and fluorescent powders, and platinum-group
metals in electronic boards and displays. In LED and fluorescent lamp streams, rare
earths can represent up to 5% of the total content, a significant value considering the
growing prevalence of these products. Meanwhile, electric motors and sensors in com-
plex household appliances contain small but concentrated amounts of copper, nickel,
and rare earths. Properly treating WEEE and recovering the critical raw materials pres-
ent allows these products to be valorized, reduces dependence on external imports, and
strengthens Europe’s material sovereignty. In this way, WEEE can be transformed from
waste into strategic industrial resources, contributing significantly to a more circular
and sustainable economy.
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What is still missing in Italy to retain more industrial value from WEEE? And what is
needed at the European level to be ready for the challenge of “material sovereignty”?

In Italy, there is still a lack of complete and standardized data, advanced recycling in-
frastructure, and integrated industrial processes, which means that a large portion of
the critical materials present in WEEE is either exported or lost, resulting in economic and
technological losses. At the European level, the FutuRaM project highlights the impor-
tance of adopting common methodologies and standardized guidelines for WEEE classi-
fication and recovery, developing forecast scenarios up to 2050 to ensure the availability
of critical and strategic raw materials, and strengthening coordination among Member
States to optimize the collection, treatment, and recycling of waste streams with high
concentrations of valuable materials. Only with these integrated measures will it be pos-
sible to successfully address the challenge of material sovereignty, retain industrial value,
and ensure Europe’s strategic autonomy and economic sustainability.
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Critical raw materials are now one of the key nodes of the twin
transitions — Europe’s ecological and digital transitions. Batteries,
electric vehicles, photovoltaic panels, wind turbines, electronic
equipment, and high-tech infrastructure require indispensable
materials, yet they are exposed to supply risks, geographic
concentration of sources, and global industrial competition. This
Special Report by EconomiaCircolare.com originates from the need
to shift the focus from traditional mines to “urban mines” — that
is, waste streams, end-of-life products, components, and materials
already present within the European economy, which can become a

strategic source of secondary raw materials.

Edited by Daniele Di Stefano, Raffaele Lupoli, Alessandro Coltré

y’ L3 L3
£ EconomiaCircolare.com

" Linformazione in circolo



	Pulsante 1: 
	Pulsante 5: 
	Pulsante 3: 
	Pulsante 4: 


