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In 2001 the business owner Ray Anderson:  
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http://www.circular-europe-network.eu/about/vision/
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From Ellen McArthur Foundation 
https://www.ellenmacarthurfoundation.org/circular-economy/overview/concept

Looking beyond the current "take, make and dispose” extractive industrial 
model, the circular economy is restorative and regenerative by design. 
Relying on system-wide innovation, it aims to redefine products and 
services to design waste out, while minimising negative impacts. 

Key Concepts

Urban mining: process of reclaiming raw materials from spent products, 
buildings and waste. 

Downcycling: converting valuable products into low-value raw materials

Upcycling: converting low-value materials into high-value products 
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Industrial symbiosis:
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http://consultazione-economiacircolare.minambiente.it/il-documento
November 2017
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AMONG THE SECTORIAL ACTIONS….



14

CIRCULAR ECONOMY PROJECTS 
IN THE CONSTRUCTIONS AND 

BUILDING SECTOR  
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DOCUMENTS OF EUROPEAN COMMISSION 
ON CRITICAL RAW MATERIALS

Commission Staff Working Document- Report on CRM and Circular Economy (SWD 
(2018) 36 final)
Commission Staff Working Document on the Implementation of the Raw Materials
Initiative (COM (2014) 297 final)
The European CRM review (May 2014)
Report on CRM for the EU – Report of the Ad hoc WG on defining CRM (May 2014)
Annexes of the Report on CRM for the EU (May 2014)
CRM profiles (2013- 2014)

Why Critical Raw Materials are important
•Link to industry - non-energy raw materials are linked to all industries across all 
supply chain stages.
•Modern technology - technological progress and quality of life are reliant on access 
to a growing number of raw materials. For example, a smartphone might contain up to 
50 different kinds of metals, all of which help to give it its light weight and user-
friendly small size.
•Environment – improving the environment is closely linked to raw materials. They 
are irreplaceable in solar panels, wind turbines, electric vehicles, and energy efficient 
lighting.
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Current recycling rate of CRMs
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Among the 61 raw materials it is possible to distinguish abiotic
and biotic RMs

The abiotic raw materials consist of metals (or metallic ores) and industrial minerals 
using the following definitions: 
• Metallic ore: a rock or sediment containing one or more minerals from which one or 
more metals can be extracted. 
• Industrial mineral: mineral, which may be used in an industrial process directly due 
to its chemical/physical properties. Industrial minerals are used in a range of 
industrial applications including the manufacture of steel, chemicals, glass, fertilisers
and fillers in pharmaceuticals and cosmetics, ceramics, plastics, paint, paper, and 
the treatment of gases and waste, etc. Industrial minerals include barites, bentonite, 
borates, clays, diatomite, feldspar, fluorspar, gypsum, limestone, silica sand, talc, 
and many others. 

Biotic raw materials are materials which are derived from renewable biological 
resources that are of organic origin but not of fossil origin. Biotic materials have been 
included within this criticality report as a result of concerns over limited supply and 
issues relating to responsible and sustainable sourcing, as seen for other raw 
materials. Three biotic materials have been included in the criticality assessment: 
• Natural rubber 
• Pulpwood 
• Sawn Softwood 
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The list of CRMs should help: 
•implement the EU’s industrial policy and strengthen industrial competitiveness;
•stimulate the production of CRMs and the launch of new mining activities in the EU;
•prioritise actions, negotiate trade agreements, challenge trade distortion measures, and 
promote research and innovation.

The methodology to identify CRMs
The Commission carries out a criticality assessment at EU level on a wide range of raw materials 
(in 2010, 41 raw materials were assessed, in 2013, 54 raw materials were assessed, in 2017, 61).

14 CRMs in 2011 , 20 CRMs in 2014, 26 in 2018.

The indicators are:

•Economic importance - the proportion of each material associated with industrial 
megasectors such as construction, combined with its gross value added to EU GDP.

•Supply risk - the World Governance Indicator (WGI) is used to measure the supply 
risks of raw materials. This indicator takes into account accountability, political stability and 
absence of violence, government effectiveness, regulatory quality, and rule of law.
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Defining Governance
Voice and Accountability (VA)
Political Stability and Absence of 
Violence/Terrorism (PV)
Government Effectiveness (GE)
Regulatory Quality (RQ)
Rule of Law (RL)
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PPI (Policy Perception Index )
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Most antimony occur in volcanic 
and sedimentary rocks. Deposits 
have an average antimony 
content of between 0.1 and 2 
wt%.e The most important 
antimony ore mineral (stibnite, 
Sb2S3) contains 71.7% antimony.  
Antimony is commonly mined as 
a by-product of gold, silver, lead 
or zinc.

AW 121.76
D  6.697 g/cm3
M P 630.63 °C
BP 1587 °C
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Be is not mined in the EU or 
the wider EEA, although 
there is evidence that in the 
past it was mined in Portugal 
as well as other non-EU 
countries. Demand is limited 
by cost.  However, given 
estimated global reserve 
levels and annual usage, it 
appears that there is an 
abundant supply in the USA 
of the ores from which all 
beryllium-based materials 
are produced.  These 
reserves could satisfy EU and 
world demand for over 100 
years at current consumption 
rates. 

AW 9.012182
D  1.848 g/cm3
M P 1287 °C
BP 2470 °C



37

Borates are inorganic salts of boron, 
which the metal boron (B, atomic 
number 5) and boron containing 
substances are derived from.  

Over 150 borate minerals are known; 
however, just 4 of these make up 90% 
of the minerals used in industry: the 
sodium borates tincal and kernite, the 
calcium borate colemanite, and the 
sodium-calcium borate ulexite.  
Borate deposits are associated with 
volcanic activity and arid climates, 
and the largest borate deposits are 
found in Turkey and California.  
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The Bushveld Complex in South Africa covers more than 60,000 km2 and 
includes at least 14 chromitite horizons of economic or potentially 
economic importance- Several of the chromitite horizons contain 
significant grades of PGMs: chromite ore is a co-product with platinum 
group metals (PGMs)
Increased demand for PGM may result in an increasing output of 
chromite ore. 

AW 51.9961
D  7,14 g/cm3
M P 1907°C
BP 2671 °C
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AW 58.9332
D  8.9 g/cm3
M P 1495°C
BP 2927 °C

Cobalt is the 29th-most abundant 
element in the Earth’s crust with a 
concentration of around 25 ppm.  In most 
cases cobalt is produced as a by-product 
in mining the ores of other metals, 
mainly copper and nickel which account 
for 35% and 55% of production 
respectively.  The remaining 10% of the 
world production originates from primary 
cobalt operations.
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Coking coal

Coking coal – or metallurgical coal –is derived from coal.  It is 
considered a primary raw material, i.e. a material extracted in the 
country of origin and then processed on the EU territory. Almost 
100% of coking coal imported into EU is used by the industry for the 
production of steel.  
Coking coal is mined by underground or open-pit mining and also 
hybrid methods are used.  Run-of-mine coal normally requires 
treatment before marketing in order to remove impurities such as 
waste rock.  The processing depends on the quality of the coal and 
the intended use. 
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Fluorspar is generally associated with other minerals, such as quartz, 
barite, calcite and many others. Before concentrating the CaF2 
content to a marketable level by the gravity concentration process, 
the crushed ore is pre-concentrated in a cone separator. An aqueous 
suspension of finely ground ferrosilicon is used as separation medium 
to make use of density differences. The ore is introduced at the top 
of the cone, where the light particles are skimmed. Heavier particles, 
rich in fluorspar, drop to the bottom, where they are recovered. Such 
pre-concentration results in a product containing 40% CaF2 obtained 
from 20% ore, which constitutes the minimum of economically 
workable deposits. Finally, flotation provides the different 
commercial grades of fluorspar.
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Gallium is principally recovered as a by-product during extraction of 
aluminium from its ore (bauxite), where it is present at 30-80 g/t 
(0.003-0.008%).During the production of alumina, around 70% of the 
gallium present in bauxite is leached into the Bayer liquid and can be 
subsequently extracted in plants with such capability. It is estimated 
that 90% of gallium is obtained from alumina; the remaining amount is 
produced from zinc processing.

AW 69.723
D  5.904 g/cm3
M P 29.76°C
BP 2204 °C



43

AW 72.64
D  5.323 g/cm3
M P 938.3°C
BP 2820 °C

Germanium is extracted as a 
by-product of zinc 
production and from coal fly 
ash. It is estimated that 75% 
of worldwide production of 
germanium is sourced from 
zinc ores, mainly the zinc 
sulfide mineral sphalerite, and 
25% from coal.
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AW 114.818
D  7.31 g/cm3
M P 156.6°C
BP 2072 °C

According to the Indium 
Corporation, indium 
reserves worldwide are 
50,000 tonnes within zinc 
and copper minerals at 
existing mines. Above-
ground stocks, for example 
tailings and residues, were 
estimated at an additional 
15,000 tonnes of reserves, 
although these may prove 
harder to extract due to 
their contamination with 
iron.
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Magnesite is the common name for the mineral magnesium 
carbonate (MgCO3). Pure, uncontaminated magnesite contains the 
equivalent of 47.8% magnesium oxide (MgO). 
According to the development and characteristics of deposits, two 
types of magnesite can be found. Firstly, replacement deposits 
containing sparry magnesite in carbonate rocks have the highest 
economic importance, accounting for 80% of the worldwide 
magnesite extraction.
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AW 24.305
D  1.738 g/cm3
M P 650°C
BP 1090°C

The prime raw material sources 
for magnesium are minerals 
(dolomite, magnesite and 
brucite), magnesium-rich salts 
(carnallite, bischofite, kainite 
and langbeinite), magnesium-
rich brines, and seawater. 
Magnesium-rich brines are gained 
as by-products from potash 
production or extracted from 
surface and underground brine 
deposits. Magnesium silicates 
have not been used thus far for 
magnesium production.
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Graphite is one of three pure forms of 
carbon (C, atomic number 6), the 
others being diamond and fullerenes. It 
is grey to black in colour, opaque, and 
often has a metallic lustre. It is a soft, 
light mineral, is flexible but not elastic 
and has a high melting point of 
3,390°C.
In nature, graphite is found in 
metamorphic rocks such as marble, 
schist and gneiss. Flake and 
amorphous graphite are mined both 
underground and in open pits; vein 
graphite is only mined underground. 
However, graphite can also be 
synthesised from oil-based feedstocks; 
at present the cost of synthetic 
graphite is higher than that for 
naturally occurring graphite.
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Generally, two types of niobium ore deposits are known. In primary deposits, pyrochlore – the 
most important niobium mineral – is always interstratified in carbonatites. In Canadian deposits, 
for example, calciopyrochlore is interstratified in dolomite, containing 0.5-0.7% niobium 
pentoxide. In secondary deposits, mainly located in Brazil, the niobium pentoxide content has 
been enriched to 3% by weathering

AW 92.90638
D  8.57 g/cm3
M P 2477°C
BP 4744°C
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Phosphate rock consists mainly of 
apatite minerals. The term phosphate 
rock describes a range of commercially 
mined phosphorus-bearing minerals, 
which are mainly utilized to produce 
fertilisers. Other applications are e.g., 
detergents and animal feedstocks. 
Phosphate rock is the only important 
resource for phosphorus production 
worldwide.
The sedimentary phosphate deposits, 
some igneous rocks are rich in 
phosphate minerals (apatite), 
generally without significant contents 
of uranium. However, sedimentary 
deposits are more abundant and usually 
higher in grade; 80% of the global 
production of phosphate rock is 
exploited from sedimentary phosphate 
deposits. 
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The Platinum Group Metals (PGMs) consist 
of six precious metals, (platinum (Pt), 
palladium (Pd), rhodium (Rh), ruthenium 
(Ru), iridium (Ir) and osmium(Os))a. These 
metals share geological sources and similar 
properties, such as high melting point, 
high density and catalytic activity. PGM 
resources can be broadly split into two 
types:
 platinum-palladium rich deposits
 nickel-copper based deposits which are 
enriched in palladium relative to 
platinum.



51

Rare earth elements (Light and Heavy)
The term ‘rare earth elements’ (REEs) is a collective name for the 15 elements in the 
lanthanide group: lanthanum, cerium, praseodymium, neodymium, promethium, 
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 
ytterbium and lutetium.  Due to some similar properties, scandium and yttrium are 
also often considered as rare earth elements, making a total of 17 elements when the 
widest definition of this group is used.  As a group, the REEs are all metallic in nature 
and are typically discussed together due to their similar chemical and physical 
properties. In addition, with the exception of scandium, they are obtained from the 
same ore deposits, although the metal ratio does differ considerably between 
different deposit types. 



52

AW 28.0855
D  2.33 g/cm3
M P 1414 °C
BP 2.9×103°C

Silica as high purity quartz or quartzite 
is used as the raw material for silicon 
metal production.  Quartz is one of the 
main products of slowly cooled silica-
rich magma. No systematic data is 
available on high-purity quartz and 
quartzite mining and production. High 
purity quartz is currently mined from 
deposits in Spruce Pine, North 
Carolina, Norway and Russia.
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AW 183.84
D 19.25 g/cm3
M P 3422°C
BP 5555°C

In nature, tungsten does not occur in metallic form but in 45 
minerals, of which only two, wolframite and scheelite, have any 
economic importance. Economically recoverable ores contain 0.1-
2.5% WO3.  With few exceptions, tungsten is mined in relatively 
small underground mines which extract less than 2,000 tonnes of 
ore per day. Beside tungsten ores, today about 30% of tungsten 
scrap is used as raw material.
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From the Raw Material Week (2017) in Brussels
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Construction and Demolition Waste 
logistic
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Transparency, tracking and tracing
1. Transparency needs to be assured throughout all phases of the C&D 
waste management process. Traceability is important for building 
confidence in the products and processes, and to mitigate any negative 
environmental impacts.
2. Proper management of C&D waste still presents a problem in the 
EU, and data on its treatment is partly missing. Therefore it is
necessary to strengthen record keeping and traceability mechanisms 
through the establishment of electronic registries especially for 
hazardous C&D waste in the Member States. 
3. Registration of C&D waste constitutes a vital step for tracking
and traceability and in order to register waste, it is necessary to
know what types of C&D waste are expected. Therefore, a pre-
demolition audit is of high importance. But equally important is to check 
afterwards that the waste has been processed according to plan, and 
that rules and regulations for the handling of these waste streams have 
been enforced.
4. When registering C&D waste it is recommended to use the 
European List of Waste in order to assure compatibility of data across 
the European Union



60

Improve logistics
1. Try to keep distances short. Proximity of sorting and recycling plants is very 
important for C&D waste, which in case of bulky materials such as aggregates for 
construction (asphalt, concrete, etc.) cannot be transported by road over longer 
distances (usually maximum 35 km). Unless transported in large volumes by rail or 
waterway, longer distances are simply not economically attractive, while 
environmental benefits of recycling diminish over longer distances as well.
Optimise the use of road networks and profit from appropriate information 
technology (IT). For example, tailor-made software exist that allows driving 
directions to be optimised for minimum fuel consumption.
2. Where possible, use waste transfer stations (or collecting boxes) – they play an 
important role in the local waste management system, serving as the link between a 
local C&D waste collection point (a demolition site) and a final waste disposal 
facility. Facility sizes, ownership, and services offered vary significantly between 
transfer stations. Nevertheless, they all serve the same basic purpose: consolidate 
waste from multiple collection points. Occasionally, transfer stations also provide 
waste sorting and recycling services It is important to assure traceability of C&D 
materials also in the case of waste transfer stations.
3. Guarantee the integrity of the materials from dismantling to recycling. For 
example, in the case of glass recycling, the degree of cleanliness of the containers 
is crucial. This requires the necessary attention by the logistic organisation – such 
as the use of multi-use containers. As soon as glass comes into contact with 
concrete, stone or brick residues, it is no more suitable for recycling in a circular 
mode (re-melting).
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Stockpiling potential and proper stocking (1)

1. Re-use, recycling and recovery of C&D materials requires 
proper stocking.
2. Stockpiling is advantageous especially for big demolition sites, 
e.g. airports, industrial plants or housing blocks, but can also be 
set up in small projects. Stockpiling can only be done during 
limited amounts of time: 1 year before disposal and 3 years before 
recycling. 
3. Take precautionary measures that minimise risks. C&D waste 
stockpiling can cause various emissions and risks (like pollution of 
water, leaching or run-off of contaminants and particulates; heat 
generation with potential to cause fire; generation of litter; dust, 
biogas and odour emissions etc.). However, precautionary 
measures exist: for example, the waste should be segregated and 
disposed in separate dedicated containers.
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Stockpiling potential and proper stocking (2)

Manage the on-site risks, which depends on the following actors:
- waste type and chemical and physical characteristics of the 
materials being stockpiled;
- location and climate of the site;
- hydrological and hydrogeological conditions including proximity 
to surface; and
- ground waters, water quality and protected environmental 
values; length of time materials will be stored;
-proposed management approach to the stockpiled materials, 
including safety aspects of guarding the site from unauthorised 
visitors like children.



Wastes from Construction 
industry As a ResourcE





WeCARE Approach:
- focusing on the long term sustainability of European Critical Raw Materials production, supply and
recycling;
- implementing more ambitious environmental standards in waste management and reuse ;
- improving competitiveness of the European Production of Secondary Raw Materials.

WeCARE commitment aims to exploit wastes
coming from cutting of natural stones and
from deconstruction processes as a
sustainable source for the production of
SRMs and CRMs.
These wastes are generally contaminated by
heavy metals such as cobalt and tungsten,
which are toxic, responsible of high
environmental impacts and critical raw
materials (supply risk). Clarification of sludge
and reuse of metal and mineral fractions
into industrial processes will improve their
environmental and social sustainability.

In particular WeCARE works on New
Secondary Raw Materials for Construction-
Composite Materials (mineral part) and
Metallurgical Industry (metal part) starting
from a comprehensive characterization of
the wastes coming from some pilot
areas/case studies.



Waste from stone processing in Piedmont CER 01 04 07

Quantities of sludge from processing stone: based on Istat
data from Fillea Studies Centre



Current sludge filtration process



CHARACTERIZATION OF THE SAWING SLUDGE

TECHNOLOGIES CONSIDERED:
 diamond wire
 diamond saw blade 
 Frame saw

ROCK TRADE NAME MINERALOGICAL 
COMPOSITION

PETROGRAPHIC 
DESCRIPTION

Pietra
Luserna

Quartz 60%
Plagioclase 20%
K - feldspar 10%
White mica and chlorite 
10%

Gneiss light gray in 
colour with small white 
eyes, medium grain and 
foliated fabric

Diorite 
Vico

Feldspar 65%
Pyroxen 20%
Biotite 10%
Opaque and accessory
minerals 5%

Diorite with a  light grey 
colour of the matrix and 
small darker grey grains.

Syenite
Balma

Feldspar 50%
Quartz 10%
Horneblende 25%
Opaque and accessory
minerals 15%

Quartz-syenite medium-
fine grained, with a 
colour grey purplish
brown

THREE SILICATIC STONE



CHARACTERIZATION OF THE SAWING SLUDGE
- particle size distribution;
- chemical analysis;
- image analysis, with the free software Image J, for the evaluation of the metals

contents;
- wet magnetic separation;
- XRD on magnetic fraction;
- SEM analysis on magnetic fraction

PARTICLE SIZE ANALYSIS (UNI EN 933 Part 1)

The size distribution analysis was carried out in wet conditions. 

DWL; Diamond Wire Luserna
DWD: : Diamond Wire Diorite
DBL: Diamond Blade Luserna; 
DBS: Diamond Blade Syenite;; 



CHEMICAL ANALYSIS (According to Italian Legislation: D.M. 04/05/2006 
n.186)

Sludge acronyms
Cr

mg/kg
Fe
%

Co
mg/kg

Zn
mg/kg

Ni
mg/kg

Cu
mg/kg

Mo
mg/kg

Sn
mg/kg

W
mg/kg

DWL 35.51 2.30 25.02 25.50 0.21 32.01 13.51 7.52 25.20

DWD 37.75 2.41 26.74 25.04 0.32 38.66 14.36 7.21 24.42

DBL 2.26 0.38 40.69 129.08 / 165.93 13.67 43.41 28.26

DBS / 1.05 90.79 49.65 / 189.12 12.61 42.83 25.87

Concentration Limit 
(D.M. 04/05/2006 n. 186) 

green public and 
residential sites

150 / 20 150 120 120 / / /

Concentration Limit 
(D.M. 04/05/2006 n. 186) 

commercial and 
industrial sites

800 / 250 1500 500 600 / / /

Note: the colored cells refer to the concentrations that exceed the limits of law for green 
public use 



Sample
MAGNETIC % ON TOTAL SLUDGE 

PRODUCTION

DWL 0,05

DWD 8,60

DBL 0,22 

DBS 3,60
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Reduction and recovery of sludge from 
sawing and processing of ornamental

stones: 
circular economy action proposal
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Sharing of best practices related to the recovery of raw 
materials in extraction and processing waste, through an 
integrated platform for accessing data and information for all 
stakeholders. Sharing and continuous updating of the technical 
and scientific classification of the workability of blocks of 
natural stone.

Eco-design. On the basis of the best practices in cutting and 
working the stone, the ecodesign for the sludge of sawing of 
the ornamental stone must concern:
- cutting and processing processes, optimizing them on the 
basis of the workability of the different materials of 
ornamental stones;
- type of mud treatment based on the type of machinery used 
to be carried out in the factory or nearby;
- reuse of water used in the processes of cutting and processing 
of the sludge and sludge treatment.
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Production process and consumption. From the point of view of 
circular economy, the machines used must be periodically 
subject to maintenance and work on the basis of workability 
indexes previously determined by type of stone. Both of these 
actions involve a reduction in the production of waste, a 
reduction in consumption and wear of the tools and an 
improvement in the quality of the secondary raw material. 
Furthermore, the modernization of the machinery in the plant 
and a periodic and timely maintenance allows to prevent leaks 
of lubricants that make the mud a dangerous waste.
Waste management. Following the proposed actions, all the by-
products obtained in these processes represent secondary raw 
materials. In particular, the treatments envisaged for the frame 
sludge to eliminate the metal fractions would allow the reuse of 
all the separate metal in the steel mills. Studies are currently 
being conducted to evaluate the recycling of essential raw 
materials such as Co or WC into the cutting tools themselves, 
but the results are yet to be validated.



contact: rossana.bellopede@polito.it

Thanks for your attention


