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1. INTRODUCTION: CIRCULAR ECONOMY

The circular economy is a production and consumption model that
aims to maintain the value of products, materials, and resources
in the economy for as long as possible while minimising waste

generation.
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1. INTRODUCTION: CIRCULAR ECONOMY
CRTICAL RAW MATERIALS

CRMs
SRMs

Bauxite/Alumina/Aluminium Antimony Heavy/Light REEs

Bismuth Graphite Arsenic Niobium

Boron Nickel Baryte Phosphate rock

Cobalt Platinum Group Metals Beryllium Phosphorus

Copper Rare Earth Elements for ~ Coking coal = Scandium

Gallium magnets (Nd, Pr, Tb, Dy,  Feldspar Strontium

Germanium Gd, Sm, and Ce) Fluorspar Tantalum

Lithium Silicon metal Hafnium Vanadium

Magnesium Titanium metal Helium

Manganese Tungsten
Source: Circularity strategies and sustainable CRM: Critical Raw Materials
resource management to safeguard the clean . )
energy transition, IEEP 2024 SRM: Strategic Raw Materials
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1. INTRODUCTION: CIRCULAR ECONOMY

EXTRACT & PRODUCE CONSUME & USE DISPOSE

Circular economy

Narrow flows Slow flows Close loops
Dematerialise the economy Retain flows in use for as Transform "waste" into
to reduce footprint long as possible “resources”

—> B y

REUSE, REPAIR, REFURBISH,
REFUSE, RETHINK REMANUFACTURE AND
& REDUCE REPURPOSE

High circularity level Medium circularity level Low circularity level

RECYCLE & RECOVER

Source: The Circular Economy in Cities and Regions of the European Union, OECD 2025
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1. INTRODUCTION: CIRCULAR ECONOMY

Refuse Rethink Reduce Reuse Repair

* Eliminating the use * Reformulating * Increasing material * The use of * To prevent the

or demand for consumption and efficiency during products and disposal of

materials or use models the manufacturing materials for their products

products. enabling cities and or use phases of original purpose or
- E.g. prohibit regions to intensify products and by a new user

single-use plastics, resource utilisation services

* E.g. 15-minute city
concept

Refurbishing RerRJarir:]léfac Repurposing Recycling Recovery
* Restoring products * To enable » Adapting discarded * The processing of « Extracting value
and infrastructure discarded products items for new uses discarded from
to an updated or or their » E.g. transforming materials to non-recyclable
improved condition components to be old railways into produce new materials, often
transformed into bike paths resources of either through waste to
new items the same or lower energy
quality technologies.
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2. KEY PRODUCT VALUE CHAINS

ELECTRONICS AND ICT

Circular economy and the role of raw

materials in the energy transition

In 2020, less than 40% of electronic
waste was recycled in the EU.
‘Circular Electronics Initiative’
Regulatory measures for mobile
phones, tablets and Ilaptops,
designed for energy efficiency and
durability, reparability, upgradability,
maintenance, reuse and recycling.
Implementing the ‘right to repair’
and to update obsolete software.
Introduction of a common charger,
improving the durability of charging
cables.

Collection and treatment of waste
electrical and electronic equipment.

18/06/2025



2. KEY PRODUCT VALUE CHAINS

BATTERIES AND VEHICLES

Circular economy and the role of raw

materials in the energy transition

The aim is to swiftly enhance the

sustainability of the emerging battery

value chain for electro-mobility and
boost the circular potential of all
batteries.

« Improving the collection and
recycling rates of all batteries,
ensuring the recovery of valuable
materials and providing guidance to
consumers.

- When alternatives are available,
phase out the use of rechargeable
batteries.

« Taking account of the carbon

footprint of manufacturing.
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2. KEY PRODUCT VALUE CHAINS
PACKAGING

In 2017 packaging waste in Europe

reached a record: 173 kg per inhabitant,

the highest level ever.

« Reducing (over)packaging and
packaging waste.

 Re-use and recyclability  of
packaging, including considering
restrictions on the use of some
packaging materials for certain
applications.

« Drinking Water Directive to make
drinkable tap water accessible in

public places.
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2. KEY PRODUCT VALUE CHAINS
PLASTICS

- =

Circular economy and the role of raw

materials in the energy transition

EU Strategy for Plastics in the Circular
Economy. To increase the use of
recycled plastics and contribute to a
more sustainable use of plastics,
mandatory recycled content
requirements and waste reduction
measures will be proposed for
packaging, construction materials and
vehicles.

* Restricting  intentionally  added
microplastics.

« Developing methods for measuring
unintentionally released
microplastics

« Use of biodegradable or

compostable plastics

18/06/2025




2. KEY PRODUCT VALUE CHAINS
TEXTILES

Circular economy and the role of raw

materials in the energy transition

It is estimated that less than 1% of all
textiles worldwide are recycled into
new textiles. Also, 60% by value of
clothing in the EU is produced
elsewhere.

« Developing ecodesign measures to
ensure textile products are fit for
circularity, ensuring the uptake of
secondary raw materials and
tackling the presence of hazardous
chemicals.

» Providing guidance to achieve high
levels of separate collection of
textile waste.

« Boosting the sorting, re-use and

recycling of textiles.
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2. KEY PRODUCT VALUE CHAINS
CONSTRUCTION AND BUILDINGS

It requires vast amounts of resources
and accounts for about 50% of all
extracted material. The construction
sector is responsible for over 35% of
the EU’s total waste generation and a
5-12% of total GHG emissions.

i@ ° Introduction of recycled content.
L@ ° Improving the durability and
;-,«L\‘ adaptability of built assets in line
I\ with the circular economy principles
2 . Reducing soil sealing, rehabilitate
abandoned or contaminated
brownfields and increase the safe,
sustainable and circular use of
excavated soils.
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2. KEY PRODUCT VALUE CHAINS
FOOD, WATER AND NUTRIENTS

Circular economy and the role of raw
materials in the energy transition

While the food value chain s
responsible for significant resource
and environmental pressures, an
estimated 20% of the total food
produced is lost or wasted in the EU.

The new Water Reuse Regulation will
encourage circular approaches to
water reuse in agriculture, including in
industrial processes. Furthermore, the
Commission will develop an Integrated
Nutrient Management Plan, with a view
to ensuring more  sustainable
application of nutrients and stimulating
the markets for recovered nutrients
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2. KEY PRODUCT VALUE CHAINS
CRITICAL RAW MATERIALS

Metals and minerals are fundamental

for advanced materials, tools and

machinery used to sustain all primary

and secondary industry sectors.

Europe is using 23% of the world's

mine production for metals and

minerals but only produces 2-3 % itself

(2017)

List of critical raw materials:

« Supply risk

« Economic importance

 Critical Raw Materials Act published
promotes assertive, cooperative and
sustainable trade policy by securing
supply through increased mining,

processing and recycling.
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2. KEY PRODUCT VALUE CHAINS
CRITICAL RAW MATERIALS

The Critical Raw Materials Act
is now emphasizing the role of
circularity as a lever for g ﬂ
resource security, keeping P

resources “in  the loop” -
domestically to  mitigate
import dependencies and
supply disruption risks.

 Boosting the domestic

N,

EXPLORATION RAW MATERIALS

@ HawlvVatenas

Covexteg mettars

availability of CRMs by P
facilitating domestic O | UsE, ReUse
extraction, processing, and
recycling of CRMs EIT, 2019°

* Diversifying the EU’s Source: EIT Raw Materials, 2019

external supply
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2. KEY PRODUCT VALUE CHAINS
CRITICAL RAW MATERIALS

It is necessary to address:
« The EU’s low diversification
s of supply sources and

italic = extraction stage ck 354564t (<1%)

regular = processing stage e s e consideration of EU domestic

Fluorspar 58403t (1%)
Aluminium 532538t (1%) 598122: :i:;

s Z sourcing of CRMs.

oral
Cokingcoal 10501 802 t (2%)

e « The adverse social,

- environmental, and human
i TR £

Bismuth 1000t (4%)
Cobalt 6535t (5%)
Copper 366 760 t (2%)
G 4

rights impacts of CRM mining

Pol

Coking coal 11421800t (1%)

pper 407 295t (2%)
T

)
i imich operations.
Helium 267t (1%)

e, - « The lack of circularity for

Cokingcoal 2910000t (>0%) Tungsten 931t 1196; . . .

Hafnium 351t (49%) Copper 115563 t (<1%)

e s CRMs in existing regulatory

Silicon metal 130000 t (4%)

frameworks
aryte 59400!‘;1%; . .
'ortugal » Copper 111372t (1%,
:""9‘5""’ 60““"’1 165 0461(2%) c‘g;' 220236t(1%) ® ResearCh & |nnovat|0n to
3761t (34%)
B o i provide necessary solutions
Copper 410960t (2%) .

s it across the CRM value chain.
Source: European Commission, 2023
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2. KEY PRODUCT VALUE CHAINS
CRITICAL RAW MATERIALS

European Critical Raw Materials Act
2030 benchmarks for strategic raw materials:

EU EXTRACTION EU PROCESSING EU RECYCLING EXTERNAL SOURCES
At least 10% of At least 40% of At least 15% of Not more than 65%
the EU’s annual the EU’s annual the EU’s annual of the EU’s annual
consumption for consumption for consumption for consumption of each

extraction processing recycling strategic raw material

at any relevant stage
of processing from a

single third country
- European

Commission

Source: European Commission, 2023
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2. KEY PRODUCT VALUE CHAINS
SECONDARY RAW MATERIALS

Secondary raw materials are recycled

materials that can be wused in

manufacturing processes instead of or

alongside virgin raw materials.

* It reduced material and energy use;

» reduced impacts on the climate and
the environment;

« reduced manufacturing costs.

|+ The absence of EU-wide quality
standards for certain materials.

 Difficulties linked to the trading of
SRM across the EU.

« The potential presence of chemicals

of concern in recycled materials.
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3. ENERGY TRANSITION

The sustainable energy transition is a transformative shift in how
energy is produced, distributed and consumed, aiming to move away
from fossil fuels towards a system centred on renewable energy
sources such as solar, wind, hydropower and geothermal
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3. ENERGY TRANSITION

Source: UNDP, 2025. Public buildings in Rwanda
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3. ENERGY TRANSITI

Electrification powered by clean
energy is the most effective
pathway to decarbonize.

Not all™sectors—can be fully
decarbonized through
electrification alone. Some sectors
Including aviation,—long-distance
transpart, shipping and industries
like steel“and cement production
require. energy-dense fuels or
processes that electrification
cannot currently address efficiently

‘-
]

Circular economy and the role of raw
materials in the energy transition
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3. ENERGY TRANSITION

 Insulated buildings
 Fuel-efficient vehicles
« Modern appliances
Reduce energy
consumption and costs
but also strengthen
energy security by
lowering  reliance  on
energy  imports  and
minimizing strain  on
energy systems
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4. CRITICAL RMs IN THE ENERGY TRANSITION

Although renewable technologies
such as wind and solar do not
consume fuel during operation,
their production and deployment
require significantly more matenaIJ)
input compared to fossil fuel 4
infrastructure. LT '
~ High- per,{ormance battenes rely on
if. Ilthlum“**s,eobal’c anc{ vnigjiei--rare
earkhq' elen are” critical_fo
ﬁpowerft'?f magnets used ‘m*.‘
turbines; and hydroge
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4. CRITICAL RMs IN THE ENERGY TRANSITION

The extraction and use of critical raw
materials for the European Union's
clean energy transition are at the heart
of an increasingly complex debate.

The demand for CRMs is driven by the
technologies powering the energy
transition.

 Electric vehicles (EVs), electricity

; “- ..o
' SYw '/
; -
networks, and solar photovoltaics ¥ ,ﬁ v A
' A & 4

’

\'.‘..

alone are projected to account for ‘ f'-"

up to 95% of global CRM. | ),{g-ﬂ’.‘."t‘.. :

« Aluminium and copper dominate by [GaSEEETEREE
volume

 Lithium, nickel, and zinc represent

80% of CRM demand for clean

energy.
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4. CRITICAL RMs IN THE ENERGY TRANSITION

Table 1: Critical mineral needs for clean energy technologies™

Solar Wind Battery Hydrogen Electricity GeOpO|Itlca||y, -the SUPD'Y Of CI‘I’[IC8|

storage networks ] . . g .
. materials is becoming increasingly
opper © > @ ° @ . . ;
significant. Many CRM supply chains
Skt . : . : . are more geographically
i : : . . concentrated than those of oil or
N gas.
e | . ’ ) : China accounts for over 90% of
Rare Farth . . . . global rare earth metal production
| and holds unmatched processing
Chromium ° ° ° ° .
expertise.
Zinc . . ’ ’ : This creates vulnerabilities tied to
By . physical disruptions, trade barriers,
roup ® e - A . . .
Metals or political shifts in supplier
Aluminium . . . . countries

Colour indicates the relative importance of minerals for a particular clean
energy technology (® = high; ©* = moderate; ® = low).

Source: For a circular energy transition, Gate C (2023)
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4. CRITICAL RMs IN THE ENERGY TRANSITION

Batteries are now central to
enabling the clean energy
transition, helping integrate variable
renewable sources like solar and
wind into the grid. However, supply
chain disruptions and escalating
demand have driven prices for
materials like neodymium, cobalt,
nickel, and lithium to record levels.
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4. CRITICAL RMs IN THE ENERGY TRANSITION

End-of-life value loss

« Under 10% of solar PV modules are
recycled, with most value retained
only in aluminium and copper, while
silver and silicon go unrecovered.

« Lithium-ion battery recycling (with a
collection rate below 5%) is
similarly limited, recovering cobalt,
nickel, and copper through
energy-intensive  processes  but
losing lithium and aluminium.

« Rare earth elements from wind
turbine magnets are currently not

recycled at all.

Circular economy and the role of raw 18/06/2025
materials in the energy transition



4. CRITICAL RMs IN THE ENERGY TRANSITION

Circular practices can help reduce emissions, conserve biodiversity, improve

supply chain resilience, and generate new economic value and employment.

To make this shift, three key strategies must be implemented:

« design energy assets for circularity from the outset,

» develop integrated circular value chains, establish supportive economic
and policy frameworks.

The transition of the renewable energy sector to a circular economy is

essential to ensure the reliability and resilience of critical materials supply

~ - =N. 7 N AT 2 W N 7 & e
/ Raw \\ Active Cell Module / \\
l‘\maten'als /9 Mining Refining —>  materials —> ARG — andpack > Batteryuse > Waste |
manufacturing manufacturing \
S g . 3 b o4 . D . ¢ b4 / . ) == o
il i i il T
g N 7 N
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Recycling thru Recycling thru Dlregt Refurbishing Reuse for 2" life
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Source: For a circular energy transition, Gate C (2023)
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5. CONCLUSIONS

The transition to a sustainable energy system, based on renewable
sources such as wind, solar, and hydropower, is essential for
achieving climate goals and reducing dependency on fossil fuels.
However, this shift brings with it an unprecedented demand for
critical raw materials (CRMs)—many of which are finite, geopolitically
sensitive, and environmentally intensive to extract.
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5. CONCLUSIONS

Currently, end-of-life value loss in CRM-intensive technologies such as
solar panels, wind turbines, and lithium-ion batteries is substantial, with
recycling rates remaining strikingly low.
This not only represents a loss of valuable materials but also increases
pressure on virgin resource extraction.

» Designing renewable energy technologies for circularity, enabling easy
disassembly, material recovery, and reuse.

« Scaling up efficient and economically viable recycling technologies,
especially for hard-to-recover elements such as rare earths and lithium.

« Creating well-functioning markets for secondary raw materials,
supported by harmonised quality standards and transparent regulation
across the EU.

 Investing in research and innovation to unlock new solutions across the
CRM value chain, from sustainable mining to advanced material
substitution.
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