ENA European NORM Association

Critical raw materials:

European perspectives and solutions including
environmental impact

R. Wiegers (President ENA)  r.wiegers@ibrconsult.nl
S. Pepin (board ENA) spepinena@gmail.com
G. De With (NRG) g.dewith@nrg.eu

https://ena-norm.eu/



ENA European NORM Association

Introduction IBR=A

clear, For life.

e
® What are CRM’s and why are they important

® Policy aspects

® (potential) Sources

® Extraction technologies
® CRM and environment
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REE’s and critical raw materials IBR)

] Rare Earth Elements Ho| = Medical
Li |Be B|C[N|O|F |Ne Yb,Lu,Ra
Na|Mg Al|Si|P |S |CI|Ar —

= Battery Alliance
Li, Co, Ni, Nd

K [Ca

Rb|Sr

Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|Kr
Zr INb|Mo| Tc [Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | [Xe

e S — ]
Cs Rn —
g S S—
!
[ S m— R
P | % : - - : ]
\j ] |Gd 0.01 1 100 10000 1000000

Species Concentration (mg/L)

Geothermie water

(e[t [Pa] U No[Pa mfor]ox [ct[Es ]
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Applications

Nuclear. For life.

. O,
4 o]|o] e
o ° o
Li-ion batteries Fuel cells Electrolysers
B =, o
Wind turbines Traction motors Solar photovoltaics (PV)

Heat pumps Hydrogen direct reduced iron and Data transmission networks

electric arc furnaces (H2-DRI)

!
&y

Data storage and servers Smartphones, tablets and laptops Additive manufacturing (AM)
%0
{0) )\\ X

Robotics Drones Space launchers and satellites

Source: JRC elaboration based on flaticon.com
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Targeted alpha theraphy [BR=)

Nuclear. For life.

With the help of alpha radiation, it is possible to irradiate tumors selectively while sparing
healthy tissues.

Radiopharmaceutical

Alpha-emitters T
Alpha particles have a high energy in the range of 5-9 |
MeV and at the same time a very short path length in P
human tissue below 0.1 mm, corresponding to less ‘.‘:be.
than 10 cell diameters. Alpha emitters allows for - t
specific targeting of individual malignant cells, while [ 3
minimizing the toxicity to surrounding healthy tissue . ‘

rpomd T Mobcle pome ol

Targeted Alpha Therapy (TAT)

Effective cancer therapy by linking an alpha-emitter
to a molecule that binds specifically to cancer cells.
This so-called “targeting molecule” transports the
alpha-emitter to the right location, preventing damage
at other locations.

https://ena-norm.eu/
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Sustainable radium sourcing IBR

Developing a sustainable source of Ra-226 is one of the challenges to ensure long term supply
of TAT isotopes.

= TAT radionuclides include Ac-225, Bi-213, At-211,

TAT Radi lid
Pb-212, Ra-223, Th-227 it 1
NGB
= One of the main challenges limiting the wide o e o Supply @

application of TAT is the production and supply of
suitable these radionuclides.

= Ra-226 is a key raw material in the productionof TAT
radionuclides

= At present most radium originates from legacy sources
available at universities and institutes. A sustainable
solution is needed.

https://ena-norm.eu/
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Nuclear. For life.

Where the EU sources from

Finland
Germanium 51%

Norway
Silicon metal 30%

Hafnium 84% g . .
Indium 28% . Germany o
’ , \ . Gallium 35% el o
Beryllium* 88% _ i Strontium 100% Kazakhstan Natural :r’:phla :3:
D\ ; Morocco Phosphorus 71% - Scandium* 66%
: Phosphate rock 24% Turkey Titanium* 45%
/. - Antimony 62% Tungsten* 69%
Guinea Borates 98% Vanadium* 39%
Fluorspar 25% Bt 64% S LREEs 99%
HREES 98%
DRC
Cobalt 68% 4
‘Tantalum 36% ' Natural rubber 31%
Brazil — @
Nioblum 85% \
J South Africa Australia O
Chille ¢ Iidium® 92% Coking Cout 2% .
e 7“——0 Platinum™ 71% )
A f Rhodium™ 80%

Ruthenium™ 93%

* share of global production

Source: EC EIP on raw materials/ Raw materials Scoreboard)
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Previous (?) situation USA

Nuclear. For life.

Who Has Them?
Percent of World Production and Known Reserves (2010)
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Total production \
133,600 metric tons ] & . .

— L e, -

Total reserves : y oy W
113,778,000 metric tons £ o

* Estimate not available
tIncludes certain former Soviet republics

How Dependent Is the U.S.?

China 92%
¢ 39 us. Import Sources (2006-2009)
TRNCR: 2 Could come from a country’s
A':s‘ﬁ: 1 % stockpile or recycling instead
Other 2% of current production

Originally produced for the October 2011 issue of Scientific American. Credit: Jen Christiansen. Source:
Mineral Commodity Summaries 2011, U.S. Department of the Interiorand USGS
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Increase annual demand

Nuclear. For life.

a. 2050 annual demand from energy technologies
as percentage of 2018 production
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Source:Geologists, Inc. Munk et al. (2016) Chapter 14: Lithium brines: A global perspective, Reviews in Economic Geology
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EU policy on critical minerals Igg
—————————

2008: Raw Materials Initiative adopted by EC
» 3 pillars:
1) Fair & sustainable supply of raw materials from global markets
i)  Sustainable supply of raw materials within EU
Iil) Resource efficiency & supply of secondary raw materialsthrough
recycling

2015: Circular Economy Action Plan (COM/2015/614)
2020: Action plan on critical raw materials
2023: Proposal of European Critical Raw Material Act

https://ena-norm.eu/



Recovery from landfills and
mining waste ?

ENA European NORM Association

JRC report:
> Landfill mining ()

No good example of successful landfill raw JRE IBLIENCE FOR POILICY REFD T

material extraction aCtIVIty Recovery of critical and other raw

= Poor likelihood of finding significant materials from mining waste and
quantities of CRM in landfills landfillg
» Recovery from mining waste @ e

historic extractive wastes = potential i e
resource for critical metals

Recovery should not focus on a specific
material alone

Energy demand required for material
separation = main challenge for full recovery
of critical metals

https://ena-norm.eu/
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LI production
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Source:Geologists, Inc. Munk et al. (2016) Chapter 14: Lithium brines: A global perspective, Reviews in Economic Geology
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Concentration Of CRM in ENA European NORM Association
Oil&Gas production water TBR®

Element Concentration (mg/l)
Barium ND -1740
Beryllium ND — 0.004
Chromium ND -3,71
Cobalt N.D. 0.01
Lithium N.D. - 235
Manganese N.D. -175
Molybdeen N.D.—-0.448
Nickel N.D-92
Selenium N.D.—1,27
Silver N.D.-7
Vanadium N.D.—-0.29
Zink 0.01-35

Source: Guerra K., Dahm K., Dumdorf S.; “Oil and Gas produced water management and beneficial use in the Western
United States”, US Department od the Interior (2011)

https://ena-norm.eu/
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Available extraction technologies [BR ™}
—
In developement (partially based on existing technologies):

= Micro filtration (nano-membranes)

= Electro chemical

m Specific adsorption (Li with modified mineral matrix such as
zeolites)

® Biological (absorption by micro organisms.... e.g. diatoms)

https://ena-norm.eu/
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Electro chemical
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Source: Areview on lithium recovery using electrochemical capturing systems Sifani Zavahir
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Diatoms
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End-of-Waste criteria

EU Waste Framework Directive (2008/98/EC)
Art. 6 : “End-of-waste” criteria => specify when a waste become a
secundary raw materials

= “The criteria shall include limit values for pollutants where necessary and
shall take into account any possible adverse environmental effects of the

substance or object”

ENVIRONMENT

= «end-of-waste » certificate
delivered by national or S
regional waste authority
upon application by waste
producer

News & outreach

Legal compliance

What are the end-of-waste criteria, and why are they needed?

End-of-waste criteria specify when certain waste ceases to be waste and obtains a status of a product
T | material).

According to Article 6 (1) and (2) of the Waste Framework Directive 2008/98/EC, certain specified wa
waste when it has undergone a recovery (including recycling) operation and complies with specific crit
in line with certain legal conditions, in particular:

iart ic cammanly naad far anacific nirnnces

https://ena-norm.eu/
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CRM & NORM

®m TAEA Safety Report 68 “Radiation Protection and
NORM residue management in the production of RE from Thorium

Containing Minerals” Fidiition Protectios
and NORM Residue
» Activity concentration Th-232 in RE tailings Ll b
(China, Australia): 1.7 — 2.2 Bq/g T o

» Activity concentration in RE-rich tin mining residues umea

(Indonesia, Malaysia,...): up to 200 - 370 Bg/g Th-232
» Ra-226 activity concentrationin brines from oil & gas industry:

up to 1200 Bg/litre (see e.g. IOGP report “Managing NORM in oil & gas industry)

https://ena-norm.eu/
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Environmental impact

= Workers and members of the public might be exposed to
radiation from NORM containing waste streams.

® Exposures include: y-radiation, inhalation of resuspended
dust and ingestion

® Some indirect pathways include e.g. consumption of crops
through irrigation and dust deposition

https://ena-norm.eu/
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Protection of workers and public ] BR ™,
m Protection of workers and public through compliance with
regulatory requirements on the use of NORM
® Implementation of EC and IAEA guidelines on NORM
handling.

Radiation protection 122

Practical use of the concepts
of clearance and exemption

Part Il o . Management of NORM Residues
crrlcrl clearance to mmm:lr radiation srources
Y
Basic Safety '
Standards Directive
Better radiation protection _ ﬁ-\f () 1aEA
J-"__i,r-\\. ~B International Atomic Energy Agency

h AP e Sy, https//ena-norm.eu/
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Tos ‘an

Nuclear. For life.

Conclusions

m CRM’s are increasingly important for the energy transition
as well as an important aspect of the circular economy

m CRM'’s can be found in a wide spread of sources amongst
which (industrial) waste materials

There 1s a need for the development of separation
techniques to obtain CRM’s from these wastes

As well as there are many initiatives using all kinds of
technologies to development these technigues

In many cases NORM is involved and should be addressed
together with the other environmental aspects.

https://ena-norm.eu/
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