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Contents of module 1

Module 1: Materials in circular economy and eco-informed material choice
Gross, Bernardo
Introduction to materials: main features (composition, structure, morphology, structure-properties
relationships), main classes (metals/alloys, polymers, ceramics/glasses) their relevance in main specific
sectors (plastics, building & construction, metals, apparel & textiles, energy conversion and storage) in
a circular economy perspective. Eco-informed material choice. Specific topics:
Basics on circular chemistry.
Embedding sustainability in the design/manufacturing of materials. Sankey diagrams of materials flow.
How to address criticality: material design to reduce CRM content and substitution approaches.
Introduction to material properties charts: development and use. Definition of materials indices:
performance of a component according to a combination of properties; selection through charts and
indices. Presentation of "pure" selection case studies, with discussion of the characteristic equations
and derivation of selection indices. Materials selection with conflicting objectives: trade-off analysis.
Environmental impact monitoring methods. Case studies of graphical materials selection oriented to
environmental sustainability (control of energy and carbon footprint) in primary production.
Materials life cycle: definition of boundaries, introductory remarks to LCA, principles of eco-auditing.
Updates on environmental sustainability from inclusion of manufacturing step. Presentation and
analysis of end-of-life options. Case studies of application of eco-audits: introduction to the CES
(Cambridge Engineering Selector) software, comparison between disposable and reusable
constructions, material substitution
Case studies on cost/environmental sustainability trade-off
Sustainability by means of material minimization: introduction of shape factors, with case studies.
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Focus of the module

'Materials' sometimes refers to primary or raw materials, understood as virgin materials
extracted from the natural environment. This normally includes biomass, metal ores, non-
metallic minerals and fossil energy carriers. On other occasions, it also includes secondary
raw materials such as recycled steel, plastics and concrete. Furthermore, some policies
are directed at specific materials, such as in the case of the EU list of critical raw materials
(see lecture prof. Ardit).
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Raw materials

Source of the picture: https://extrudesign.com/classification-of-materials-engineering-
material-classification/

Raw materials are
the basis of a large
number of industrial
value chains in the EU.
Specific raw materials
are needed to make a
wide range of industrial
goods such as car
engines, mobile phones
or wind turbines.

https://policy.trade.ec.e
uropa.eu/
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Raw materials relevance



What is a value chain

Source of figure: fity.org
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What is a value chain

Source of figure: Material Flows In Buildings’ Life Cycle And Regions – Material Inventories To 
Support Planning Towards Circular Economy - Scientific Figure on ResearchGate. Available from: 
https://www.researchgate.net/figure/Change-of-material-categories-following-the-value-chain-
of-materials-and-products-own_fig3_333932101 [accessed 28 Sept 2026]
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The upstream supply chain includes all activities related to the organization’s suppliers:
those parties that source raw material inputs to send to the manufacturer.
The downstream supply chain refers to activities post-manufacturing, namely distributing
the product to the final customer.

Upstream vs. downstream

Source of figure: http://outperformsrm.com/oil-gas/
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Relevant sources of data and info in 
the field of materials and resources

Joint Research Centre (JRC)
The Joint Research Centre is the Commission's science and knowledge service.
https://joint-research-centre.ec.europa.eu/

EuroStat
Eurostat is the statistical office of the European Union.
https://ec.europa.eu/eurostat/web/main/about-us/who-we-are

EIT Raw Materials
Tis the largest consortium in the raw materials sector worldwide. Its vision is to develop raw
materials into a major strength for Europe.
https://eitrawmaterials.eu/

European Raw Materials Alliance (ERMA)
https://erma.eu/about-us/

U.S. Geological Survey
It leads national efforts to map mineral resources and analyze the supply chains needed to
drive the U.S. economy and national security
https://www.usgs.gov/

https://joint-research-centre.ec.europa.eu/
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Relevant sources of data and info in 
the field of materials and resources

British Geological Survey
https://www.bgs.ac.uk/mineralsuk/

World Mining Data (Austria)
https://www.world-mining-data.info/

Scrreen3
https://scrreen.eu/crms-2023/

CRM Alliance
https://www.crmalliance.eu/hrees

https://www.bgs.ac.uk/mineralsuk/
https://www.world-mining-data.info/
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Joint Research Centre (JRC) 

Scientists at the Joint Research
Centre (JRC) carry out research in
various fields to provide
independent advice to EU
policymakers and put science at
the heart of European policies.
Originally established under the
Euratom Treaty, the JRC has
longstanding expertise in the
nuclear field, but offers scientific
competences from a wide range
of disciplines to support almost all
EU policy areas.

https://joint-research-
centre.ec.europa.eu/
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Resources: the starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resources overexploitation 
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The starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resources overexploitation 
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The starting points

https://ourworldindata.org/world-population-growth
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The starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resources overexploitation 
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Basics concepts and definitions

▪ Domestic extraction (DE): total amount of material extracted for further processing in the
economy, by resident units from the natural environment. The data originates from
Eurostat's dataset 'Material flow accounts (env_ac_mfa)' the production of which is under
legal coverage: Regulation (EU) No 691/2011 on European Environmental Economic
Accounts - Annex 3: Economy-wide Material Flow Accounts. The module is conceptually
related to the international statistical standard System of Environmental-Economic
Accounting 2012 (SEEA).

▪ Raw material equivalents (RME): conversion factors to express a unit of product traded
into the amount of material extraction needed, anywhere in the world, to produce the
traded product. (expressed in tons or kg)

▪ Raw material input (RMI): the amount of material in terms of RME available to the
economy for use in production and consumption activities. It is the sum of domestic
extraction and imports in RME (calculated at the aggregate product level, by material).

▪ Raw material consumption indicator (RMC): the amount of material in terms of RME
needed (or, the amount of extraction, domestic and abroad, required directly and
indirectly) to produce the products consumed in the geographical reference area. It is
calculated as RMI minus exports in RME (calculated at the aggregate product level, by
material).

https://ec.europa.eu/eurostat/cache/metadata/en/env_ac_rme_esms.htm
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Basics concepts and definitions
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Basics concepts and definitions
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Calculation model for estimating 
RME at country level

The calculation model for estimating RME at country level was developed for conducting the
estimation of RME of product flows at country level.
The aim was to develop an approach which is satisfying the following conditions:

- Comparatively low resource requirement
- Sufficient degree of accuracy
- Compliance with the concepts, methods and data of the EU-level RME model
- Harmonized approach for all member countries.

(PDF available on the Moodle of the course)
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Calculation model for estimating 
RME at country level

Figure 1 presents a schematic description of the
calculation model. The chart shows the data inputs,
the major calculation steps and the different types
of results. The following data sources are used:
Country-level data: Comext*, National
Accounts/Supply and use tables; Energy Balance,
economy-wide material flow accounts (EW-MFA),
USGS and other sources, Structural Business
Statistics, Eurostat (*
https://ec.europa.eu/eurostat/comext/newxtweb)
Data valid for all countries: Eurostat’s RME model
(Annual RME coefficient matrices for imports and
exports, EU-level), USGS (gold prices). The EU
model is applying a hybrid IOT matrix, i.e. selected
sales structures are expressed in physical units and
not in monetary units. Accordingly, also the RME
coefficients from that model are based on mixed
units for the denominator. The calculation method
of the adjusted coefficient approach combines
annual EU-level RME coefficient matrices for
imports and exports with hybrid country-level
import and export vectors. The mix of units of the
hybrid trade vectors is fully matching the mix of
units for the EU coefficients.
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Basics concepts and definitions

Material flow accounts in raw material equivalents (MFA-RME) complement economy-wide
material flow accounts (EW-MFA). MFA-RME account for products in terms of the amount of
domestic extraction necessary to produce them, irrespective of where the material was
extracted. Producing those estimates is closely related to input-output techniques, which is
one of the elements in the SEEA CF* research agenda. The main MFA-RME indicator, raw
material consumption (RMC), is also referred to as a 'material footprint', as it captures the
amount of extraction of materials needed to meet the country's consumption and investment
demand.

In the European Statistical System the term 'material flow accounts in raw material
equivalents (MFA-RME)' was introduced to emphasise that one may consider a wider
accounting framework behind the layman's term 'material footprint'.
The rationale of MFA-RME is to express the final use of products in equivalents of material
extractions (=raw material equivalents). This means the material extraction worldwide
(domestically and in the rest of the world) that was necessary to produce and make available
the respective products to final use in a national economy.

*System of EnvironmentalEconomic Accounting
Central Framework
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Global material resource extraction (DE) 

Krausmann, Fridolin & Lauk, Christian & Haas, Willi & Wiedenhofer, Dominik. (2018). From resource
extraction to outflows of wastes and emissions: The socioeconomic metabolism of the global economy,
1900–2015. Global Environmental Change. 52. 131-140. 10.1016/j.gloenvcha.2018.07.003.

DE = global (domestic) 
extraction (total amount
of material extracted for
further processing in the
economy, by resident
units from the natural
environment)

A resident (institutional)
unit is an institutional
unit that is resident
because it has a centre
of economic interest in
the economic territory of
a country (or a grouping
like the European Union
(EU) or the euro area).

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:European_Union_(EU)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:European_Union_(EU)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:European_Union_(EU)
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Euro_area
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Euro_area
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Global material resource extraction (DE) 

Source: https://knowledge4policy.ec.europa.eu/foresight/topic/aggravating-resource-
scarcity/global-materials-extraction-resource-type_en
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. Global material resource extraction

*limestone, clays, sand, gravel, diatomite, kaolin, bentonite, silica, barite, gypsum, and talc

*
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. Global material resource extraction

*

Bleischwitz, Raimund. (2010). International economics of resource productivity – Relevance, 
measurement, empirical trends, innovation, resource policies. International Economics and 
Economic Policy. 7. 227-244. 10.1007/s10368-010-0170-z. 
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Raw materials consumption
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Raw materials consumption



Sustainable Chemistry and Technologies for Circular Economy: Materials design and selection

Raw materials consumption (pro capita)

Consumption of the main material categories also varied across EU Member States.
In 2021, consumption of non-metallic minerals ranged from 2 tonnes per person in the Netherlands to 23 tonnes per person in Romania. Cross-country
differences can be a result of varied levels of construction activities (investments), population densities and sizes of transport infrastructures, such as road
networks. Biomass consumption varied from a tonne per person in Malta to 8 tonnes per person in Ireland. Economies with high biomass consumption are
often specialised in timber production (Finland) or certain livestock production (Ireland, Denmark).
Consumption of fossil energy material varied from a tonne per person in Latvia to 8 tonnes per person in Luxembourg.

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20220715-2



Source: Producing environmental accounts with environmentally extended inputs outputs
analysis, Eurostat, 2021

Raw materials consumption

Reminder: Raw material equivalents (RME): conversion factors to express a unit of product
traded into the amount of material extraction needed, anywhere in the world, to produce the
traded product. The conversion factors for the EU are obtained from a hybrid input-output
model.
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Source: Producing environmental accounts with environmentally extended inputs outputs
analysis, Eurostat, 2021

Raw materials consumption
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▪ The European industry dominated by manufacturing industry (i.e. the
manufacture of end products and applications) and also the refining industry
(metallurgy, etc.)

▪ The value chain of CRMs is not fully and homogeneously covered by the
European industry (see Lecture Prof. Ardit).

▪ Pronounced imbalance exists between the upstream steps (extraction/
harvesting) and the downstream steps (manufacturing and use).

▪ Considering the very limited supply of CRMs from secondary sources, the need
for access to primary sources, including ores, concentrates, processed or
refined materials is huge and crucial for the wealth – and even the survival – of
European industries and their associated jobs and economic benefits. (see
Critical Raw Materials Act, Proff. Palermo and Cortese)

Silvia Gross - Sustainability and circular economy: the role of chemistry

The starting points: the 
EU industry environment
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The starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resouces overexploitation 
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Materials resources depletion

The use of materials from natural resources in production and consumption processes has
many environmental, economic and social consequences that extend beyond borders and
affect future generations.

It has consequences on:

▪ The rates of extraction and depletion of renewable and non-renewable natural resource
stocks, and the extent of harvest and natural productivity of renewable resource stocks.

▪ The environmental pressures associated with the extraction, processing, transport, use and
disposal of materials (e.g. pollution, waste, habitat disruption); (to be deepened if we have
time)

▪ Its effect on environmental quality (e.g. air, climate, water, soil, biodiversity, landscape) and
ecosystem services and human health.

▪ International trade and market prices of raw materials and other goods, and the
productivity and competitiveness of the economy.

The way natural resources and materials are managed through their life-cycle affects all of
these activities (see planet boundaries framework)
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What are planetary boundaries?

The Planetary Boundaries

Framework presents a set of

quantitative boundaries and

thresholds for nine Earth

systems, to guide sustainable

human development on a

rapidly changing planet.

Control variables for the nine

planetary boundaries are set

so as to remain at a safe

space from thresholds for each

earth system, the crossing of

which would increase the risk

of large-scale abrupt or

irreversible environmental

changes.

Credit: "Azote for Stockholm Resilience Centre, 

based on analysis in Richardson et al 2025
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What are novel entities? 

The definition of this boundary is now restricted to truly novel anthropogenic introductions to Earth

system. These include synthetic chemicals and substances (e.g., microplastics, endocrine

disruptors, and organic pollutants); anthropogenically mobilized radioactive materials, including

nuclear waste and nuclear weapons; and human modification of evolution, genetically modified

organisms and other direct human interventions in evolutionary processes



Neede resources: metals

Silvia Gross - Sustainability and circular economy: the role of chemistry

See lectures Prof. Ardit

Achzet et al., Materials critical to the energy industry, Augsburg, 2011



37

Source of the figure: 

Gas vehicle Material
Electric 
vehicle

0 kg Graphite 66.3 kg

0 kg Cobalt 13.3 kg

0 kg Lithium 8.9 kg

0.4 kg Rare Earths 2.3 kg

Energy transition is a materials 
transition 



Energy transition is a materials 
transition 

Silvia Gross - Sustainability and circular economy: the role of chemistry

The energy transition is a materials transition.
A clean energy system is much more minerals-
and metals-intensive than a conventional fossil
fuel energy system, and even with increased
circularity, the implications for the extraction
of raw materials, and for global competition to
secure access to them, are enormous.

Carrara, S., Bobba, S., Blagoeva, D., Alves Dias,
P., Cavalli, A., Georgitzikis, K., Grohol, M., Itul,
A., Kuzov, T., Latunussa, C., Lyons, L., Malano,
G., Maury, T., Prior Arce, Á., Somers, J., Telsnig,
T., Veeh, C., Wittmer, D., Black, C., Pennington,
D., Christou, M., Supply chain analysis and
material demand forecast in strategic
technologies and sectors in the EU – A
foresight study, Publications Office of the
European Union, Luxembourg, 2023,
doi:10.2760/386650, JRC132889

Strategic technologies 
for the European Union



Criticality identified by the EU according 
to two main dimensions: 
1) economic importance
2) risk of supply disruption

Critical raw materials (CRM)

Silvia Gross - Sustainability and circular economy: the role of chemistry

See lectures Prof. Ardit



Critical raw materials (CRM)

See lectures on 
substitution materials
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Critical raw materials (CRM)



…a dynamic list 

42

Changes in the list of CRMs from 2011 to
2023 as defined by the European
Commission.
European Commission (2011, 2014, 2017,
2020, 2023)

European Commission, 2011. Communication from the
Commission to the European Parliament, the Council, the
European Economic and Social Committee and the
Committee of the Regions: Tackling the Challenges in
Commodity Markets and on Raw Materials. COM(2011).
European Commission, Brussels, p. 25 (Final).
European Commission, 2014. Communication from the
Commission to the European Parliament, the Council, the
European Economic and Social Committee and the
Committee of the Regions: On the Review of the List of
Critical Raw Materials for the EU and the Implementation of
the Raw Materials Initiative. COM(2014).
European Commission, 2017. Communication from the
Commission to the European Parliament, the Council, the
European Economic and Social Committee and the
Committee of the Regions: On the 2017 List of Critical Raw
Materials for the EU. COM(2017).
European Commission, 2020. Communication from the
Commission to the European Parliament, the Council, the
European Economic and Social Committee and the
Committee of the Regions: Critical Raw Materials Resilience:
Charting a Path towards Greater Security and Sustainability.
COM(2020).
European Commission, 2023. European Commission, 2023b.
Regulation of the European Parliament and of the Council:
Establishing a Framework for Ensuring a Secure and
Sustainable Supply of Critical Raw Materials and Amending
Regulations (EU) 168/2013, (EU) 2018/858, 2018/1724 and
(EU) 2019/1020. COM(2023). European Commission,
Brussels, p. 160 (Final)



Critical raw materials (CRM)

See lectures on 
substitution materials
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Technology-related 
materials & energy criticalities
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Critical metals in EU, US, China
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Souce: 
https://www.voron
oiapp.com/natural-
resources/Critical-
Materials-Where-
China-the-EU-and-
the-US-Overlap-
474
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The starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resources overexploitation 
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The starting points

Earth Overshoot Day marks the date when humanity’s demand for ecological
resources and services in a given year exceeds what Earth can regenerate in that
year. In 2024, it was on August, 1st

https://www.overshootday.org/



Earth Overshoot Day marks the date when humanity’s demand for ecological
resources (fish and forests, for instance) and services in a given year exceeds what
Earth can regenerate in that year. We maintain this deficit by liquidating stocks of
resources and accumulating waste, primarily carbon dioxide in the atmosphere.
Andrew Simms originally conceived the concept of Earth Overshoot Day while
working at the UK think tank New Economics Foundation.

https://www.overshootday.org/

The starting points
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The starting points

https://www.overshootday.org/

The remainder of the year corresponds to global overshoot. Earth Overshoot Day is computed by
dividing the planet’s biocapacity (the amount of ecological resources Earth is able to generate that
year), by humanity’s Ecological Footprint (humanity’s demand for that year), and multiplying by 365,
the number of days in a year:

(Earth’s Biocapacity / Humanity’s Ecological Footprint) x 365 = Earth Overshoot Day

https://overshoot.footprintnetwork.org/
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The starting points

▪ Increase of world population
▪ Increase of materials and resources demand
▪ Materials depletion and criticality (see lecture Prof. Ardit)
▪ Planet resources overexploitation 

Solutions? 
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Materials resource efficiency 
implies circular economy
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Materials resource efficiency 
implies circular economy

See lectures Prof. 
Bernardo

See lectures 
This one
Prof. Dabalà 
(inorganics) and 
Boaretti (polymers)

See these lectures

See lectures Prof. 
Ardit, Zanetti/Tondi
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Materials in this Master 
(and their circular options)

DABALA’

▪ Steel
▪ Copper
▪ Zinc
▪ Silicon
▪ Aluminum

ARDIT

▪ PGM
▪ REE
▪ Li
▪ Uranium

GROSS/BERNARDO

▪ Concrete cement
▪ Textiles
▪ Nanocomposites
▪ Refractory materials/ceramics
▪ Glass
▪ Nanomaterials

MOVILLI/BOARETTI

▪ Polymers
▪ Biopolymers

ZANETTI/TONDI

▪ Cellulose
▪ Paper
▪ Biomass



Barriers to CE from 
a stakeholders perspective

Source: Kirchher et al. (2017) and Barclays Research
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Barriers to CE from 
a stakeholders perspective

Source: Kirchher et al. (2017) and Barclays Research
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the role of materials and materials design



Elements of policy agenda to 
accelerate circular economy

Source: Materials Economics 
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Building Information Modeling
(also known as Building
Information Management,
abbreviated as BIM) is a process
concerning generating and
managing data of certain
structures throughout their life-
cycles.

See lectures 
Prof. Bernardo



Elements of policy agenda to 
accelerate circular economy

Source: Materials Economics 
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See lectures 
Prof. Bernardo



Abatment potential across materials

Source: Materials Economics 
The Circular Economy
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Materials resources

Global and EU context for 
materials resource
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The 2030 Agenda for Sustainable Development, adopted by all UN Member States in 2015 

The global context
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Sustainability 17 development goals

Goal 1. End poverty in all its forms everywhere
Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Goal 3. Ensure healthy lives and promote well-being for all at all ages
Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all
Goal 5. Achieve gender equality and empower all women and girls
Goal 6. Ensure availability and sustainable management of water and sanitation for all
Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all
Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive employment and decent
work for all
Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation
Goal 10. Reduce inequality within and among countries
Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable
Goal 12. Ensure sustainable consumption and production patterns
Goal 13. Take urgent action to combat climate change and its impacts
Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development
Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degradation and halt biodiversity loss
Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and
build effective, accountable and inclusive institutions at all levels
Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development
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Sustainability 17 development goals

TARGET 8.4
Improve progressively, through 2030, global resource efficiency in
consumption and production and endeavour to decouple
economic growth from environmental degradation, in accordance
with the 10-year framework of programmes on sustainable
consumption and production, with developed countries taking the
lead

TARGET 12.2
By 2030, achieve the sustainable management and efficient use of
natural resources



A Green Deal for Europe (2020)

The European Green Deal is about
improving the well-being of people.
Making Europe climate-neutral and
protecting our natural habitat will be
good for people, planet and
economy.
No one will be left behind.

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
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The EU relevant context 

Ursula Gertrud von der Leyen, President of the EU Commission, term 2019-2023 and 2024-2028

[…] We will be a world leader in circular economy and clean technologies.
We will work to decarbonise energy-intensive industries. […]



https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
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The EU Green Deal



https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
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The EU Green Deal
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The EU relevant context 

To achieve climate-neutrality by 2050, to preserve our natural environment, and to
strengthen our economic competitiveness, requires a fully circular economy. Today, our
economy is still mostly linear, with only 12% of secondary materials and resources being
brought back into the economy. Many products break down too easily, cannot be reused,
repaired or recycled, or are made for single use only. There is a huge potential to be
exploited both for businesses and consumers. With today's plan we launch action to
transform the way products are made and empower consumers to make sustainable
choices for their own benefit and that of the environment.

Executive Vice-President for the European Green Deal, Frans Timmermans
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The EU relevant context 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52011DC0571&from=EN
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The EU relevant context 

https://ec.europa.eu/clima/policies/strategies/2050_en

The Vision: By 2050 the EU's economy has grown in a way that respects resource
constraints and planetary boundaries, thus contributing to global economic
transformation. Our economy is competitive, inclusive and provides a high standard of
living with much lower environmental impacts. All resources are sustainably managed,
from raw materials to energy, water, air, land and soil. Climate change milestones have
been reached, while biodiversity and the ecosystem services it underpins have been
protected, valued and substantially restored.

Roadmap to a Resource Efficient Europe



https://ec.europa.eu/clima/policies/strategies/2050_en
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▪ Ecodesign Framework Directive (2005, revised 2009) framing energy savings at production 
stage and during lifetime for 40 products groups responsible for ca. 40% GHG emission at 
EU level

▪ The Waste Framework Directive (2008) aimed at preventing and reducing the adverse 
impact of waste generation and management on environment and human health

▪ REACH (2006) [Registration, Evaluation, Authorisation of Chemicals) covering and 
regulating the production, use and distribution of chemicals and formulations

▪ Net-Zero Industry Act: Accelerating the transition to climate neutrality (2023): NZIA will
help strengthen the European manufacturing capacity of net-zero technologies and
overcome barriers to scaling up the manufacturing capacity in Europe

▪ Critical Raw Materials Act (2023): The Regulation and Communication on critical raw
materials adopted on 16th March leverage the strengths and opportunities of the Single
Market and the EU's external partnerships to diversify and enhance the resilience of EU
critical raw material supply chains

The EU relevant context 
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The EU context
The scope of materials, resources and resource efficiency in EU policies
There is no uniform definition or even implicit understanding of key terms such as materials, raw materials or resources in EU policy
documents that deal with resource efficiency and raw materials.
▪ 'Materials' sometimes refers to primary or raw materials, understood as virgin materials extracted from the natural environment.

This normally includes biomass, metal ores, non-metallic minerals and fossil energy carriers. On other occasions, it also includes
secondary raw materials such as recycled steel, plastics and concrete. Furthermore, some policies are directed at specific
materials, such as in the case of the EU list of critical raw materials.

▪ The 2005 EU Thematic Strategy on the sustainable use of natural resources defines 'natural resources' rather broadly and includes
raw materials such as minerals, biomass and biological resources; environmental media such as air, water and soil; flow resources
such as wind, geothermal, tidal and solar energy; and space (land area).

▪ The 2011 Flagship initiative for a resource-efficient Europe has an even broader scope, setting out to support '… policy agendas
for climate change, energy, transport, industry, raw materials, agriculture, fisheries, biodiversity and regional development'.

▪ The 2011 Roadmap to a Resource Efficient Europe offers a slightly different scope, in which 'all resources are sustainably
managed, from raw materials to energy, water, air, land and soil. Climate change milestones have been reached, while biodiversity
and the ecosystem services it underpins have been protected, valued and substantially restored'. The Roadmap addresses the
following specific resources: ecosystem services, biodiversity, minerals and metals, water, air, land and soils, and marine resources.

▪ Energy is frequently singled out from other resources because the topic is subject to its own regulatory framework, while climate
is sometimes considered as part of resources, as stated, for example, in the Roadmap to a Resource Efficient Europe: 'climate is a
key resource: specific challenges of progressing to a low-carbon economy are addressed in detail in the Commission's Roadmap
for moving to a competitive low-carbon economy and the forthcoming Energy Roadmap 2050'.

▪ The European Commission's December 2015 Circular Economy Package — Closing the loop: An EU action plan for the Circular
Economy — does not explicitly discuss the scope of materials or resources, but outlines targeted action in areas such as
'chemicals, plastics, food waste, construction, critical raw materials, industrial and mining waste, consumption and public
procurement'. Fertilisers and water reuse will be addressed as the next step. The term 'resource efficiency' denotes the political
goal of 'allowing the economy to create more with less, delivering greater value with less input, using resources in a sustainable
way and minimising their impacts on the environment'. The December 2015 EU Action Plan aims to support a circular economy in
which 'the value of products, materials and resources is maintained in the economy for as long as possible, and the generation of
waste is minimised'. (Circular economy package updated in 2020, 2021)



https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
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Circular Economy Action 
Plan (2015, update 2020)

The actions under the action plan contributed to accelerate Europe’s transition by helping
"close the loop" of product lifecycles through greater recycling and re-use, and bought
benefits for both the environment and the economy.
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The EU context

European Commission's December 2015 Circular Economy Package —
Closing the loop: An EU action plan for the Circular Economy

Source: Circular Economy: the next frontiers to decarbonise industrials – Barclays Research



EU regulatory agenda for 
boosting circular economy (1)
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Source: Circular Economy: the next frontiers to decarbonise industrials – Barclays Research



EU regulatory agenda for 
boosting circular economy (2)
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Circular Economy Act, 2025
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Source: https://environment.ec.europa.eu/news/commission-launches-consultation-
upcoming-circular-economy-act-2025-08-01_en

Due for adoption in late 2026, the Circular Economy Act aims to establish a Single Market for secondary

raw materials, increase the supply of high-quality recycled materials and stimulate demand for these

materials within the EU. It will contribute to the ambition laid out in the Competitiveness Compass to make

the EU the world leader in the circular economy by 2030.

The circularity rate is one way to measure how circular our economy is. This number shows how much of

the materials we use are recycled or reused instead of being thrown away. Right now, Europe’s circularity

rate is about 12%, but the goal is to double it to 24% by 2030. This target is part of the EU’s Clean Industrial

Deal.

https://ec.europa.eu/commission/presscorner/detail/en/ip_25_339
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_339
https://commission.europa.eu/topics/eu-competitiveness/clean-industrial-deal_en
https://commission.europa.eu/topics/eu-competitiveness/clean-industrial-deal_en
https://commission.europa.eu/topics/eu-competitiveness/clean-industrial-deal_en


Public Consultation (by 6.11.2025)
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https://environment.ec.europa.eu/news/commission-launches-consultation-upcoming-circular-
economy-act-2025-08-01_en



A comparison: 
China legislative actions
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Source: Circular Economy: the next frontiers to decarbonise industrials – Barclays Research



The global context

International Resource Panel (IRP)

The International Resource Panel (IRP) was launched by the United Nations
Environment Programme (UNEP) in 2007 to build and share the knowledge needed
to improve our use of resources worldwide.

https://www.resourcepanel.org/about-us

Sustainable Chemistry and Technologies for Circular Economy: Materials design and selection
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Resources depletion related issues
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▪ Bio-physical impacts of resource use.

▪ The distributional and social justice dimension.

▪ Economic efficiency.

▪ Institutional feasibility.

▪ Behavioral or cultural issues, including the changes needed.

▪ Successful and ineffective ways to manage change in different societieso

https://www.resourcepanel.org/about-us (UN Environment Programme)

Multi-dimensional aspects of 
resource issues

https://www.resourcepanel.org/about-us
https://www.resourcepanel.org/about-us
https://www.resourcepanel.org/about-us


The global context

Relationship between the International
Resource Panel (IRP) scientific
assessment and the SDGs
https://www.resourcepanel.org/about-
us

Sustainable Chemistry and Technologies for Circular Economy: Materials design and selection

In the context of the Sustainable
Development Goals (SDGs), natural
resource use connects essential material
needs for food, water, energy and shelter
(represented by SDGs 2, 6, 7, 9 and 11)
and natural and social capital (represented
by SDGs 13, 14, 15, and 17) that underpin
all life and earth system functions.
Therefore, as recognized by the
Sustainable Development Goals 8.4, 12.1
and 12.2, decoupling resource use from
well-being and adverse social and
environmental impacts is the key to
achieving sustainable development.
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