Universidad Politécnica de Madrid

‘ CAMPUS . M e
g DE EXCELENCIA ETS de Ingenieros de Minas ‘
_ INTERNACIONAL .y
POLITECNICA y Energ‘a

"MATERIAS PRIMAS MINERALES PARA EL ALMACENAMIENTO DE
ENERGIA, LAS ENERGIAS RENOVABLES Y LA MOVILIDAD"

—— High risk
------- Medium-high risk «»

X
POTLCNIZA
» ‘b \ y 0C MADE
AL TROUCA MaTER SR g
BEMUVLILN S Y ERNA

Juan F. Llamas

Webinar 24/06/2020

Substitution of critical raw materiails
in low-carbon technologies: lighting,
wind turbines and electric vehicles

Ga b Eu‘ | Y
Gel “

\

\
In - -

oL,

B

Departamento de Energiay Combustibles LAS NUEVAS TECNOLOGIAS ENERGETICAS Y SUS IMPLICACIONES: Elementos Criticos



A

POLITECNICA

CAMPUS
DE EXCELENCIA
INTERNACIONAL

Universidad Politécnica de Madrid
ETS de Ingenieros de Minas

y Energia

Critical raw materials for the E

Report of the Ad-hoc Working Group on
defining critical raw materials

The ad-hoc Working Group is a sub-group of
the Raw Materials Supply Group and s
chaired by the Eurcpean Commission

Supply Risk

50

36

»

Mot
* Magnesum A

Fuorspar

Veesion of 30 Mty 2010

Nowe' The full repon wil De svallable on e
Enterprise and Industry Direclorate Gensral wabste
B e europa ewenterprisa’policies rn.

MmN documeniaiodex_an him

European Commission
Enterprise and Industry

We Mean Business

Departamento de Energia y Combustibles

15 >~ ,__;__;
gy St Covar _ Tantatm
104 t E e ~---‘--~-~-~A-~'----——---¢-A~~-.»:-:-7-'-' --dmu-.---v.‘—-\“-":r:::"-
! . e Magneshe Choommms,
H " X Vanam * |
=) ;- Bore LN . Telrus Mohsenum Manganess /
A Danmie perde QPN pamente \ Yon L v
= P . C.‘a \ -
- B " ) = Amanun -
Te—Tac G rm"&‘ Copper S —— Bante —
— um ey
o0 A T T
30 40 20 60 e XY 90 106
Ecomomic importance

LAS NUE'

Figure 9: Ranking of eligible raw materials according to their environmental country risk

Ranking of Eligible Raw Materials according to their Environmental Country Risk

£ AN

9; 14 ﬁx ct_s. \ 21 \ 28




Table 3 The portfolio of emerging technologies analysed

Automotive engineering, 1.
aerospace industry,
traffic engineering

. Electric traction motors for vehicles

3. Fuel cells electric vehicles

4 Super capacitors for motor vehicles
canamnT aroysToreonsrucung lightweight airfframes

6 aa-iree solders
. RFID - Radio Frequency |dentification
8. Indium-Tin-Oxide (ITO) in display technology
9. Infrared detectors in night vision equipment
10. White LED

. Fiber optic cable

. Microelectronic capacitors

. Sagrmance m

Information and communication
technology,

optical technologies,
micro technologies

Energy, electrical and 14 ~Titraefficient industrial electric mOTg
drive engineering 5. Thermoelectric generators

16. Dye-sensitized solar cells

17. Thin layer photovoltaics

18. Solarthermal power stations

19. Stationary fuel cells - SOFC

20. CCS = Carbon Capture and Storage
21. High performance lithium-ion batteries
22. Redox flow batteries for electricity storage

3. Vacuum insulation

Chemical, process, production and 24M
26. Solid state lasers for industrial applications

environmental technology, 25. Seawater desalination
mechanical engineering
27. Nano-silver
Medical engineering 28. Orthopaedic implants >
. Medical tomography
31. High-temperature superconductors

30. Superalloys
32. High performance permanent magnets

Materials technology
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Study on the review of the list of
Critical Raw Materials

Criticality Assessments

g € Ma ghvba1 srppiens of LM Ohaveet so1 sunaber of CHMe stpydiod
el igher gt ol o =

Fhgwre D1 Mabs C0 sppBars of CRste (hasnd oo mmaniur of CRMs snppdind
Wt ol 7], averane liaws 2019 JO1A

2017

Supply Risk

St treshold (1)

0.0

Figure A: Economic importance and supply risk results of 2017 criticality assessment
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Table 1

g CAMPUS  Qualitative expert screening of renewable electricity production, storage and transmission technologies,
oA DE EXCELE!

INTERNACH  Epergy Technology Sub-technology Main potentially critical element/  Preliminary classification as a result of
__ source mineral resources and field of combining with Fiy 2
application
“relevant™ “potentially-  “non-
relevant” relevant”
. 2 .
Renewa Section 3.2 Section 3.3
joi Electricity generation
Solar Solar PV {photovoltaics) roof-top,  Crystalline Ag (contact layer ), but quantitatively X
ground-mounted, building- not relevant and replaceable
) integrated Thin film, CdTe In, Ga, Se (absorber, buffer layer, TCO X
Assessing the need for cri substrate), CdS (buffer layer) ****
system towards a high pn Concentrating PV See crystalline cells X
) = Organic PV - X
Peter Viebahn ", Ole'Soulup, Sast Electrochemical PV SnO;y (semiconductor of dye-sensitised X
Wipperng busiue for Chmare. Exviserreeny and g SO‘JTCC“.'S)
Concentrating solar power (CSP) **  Parabolic trough. solar tower  Ag (mirrors) X
NaNO;+ KNO; (thermal storage) X*
Cu (wires) X
Cer (mirror production processy X
Ni, V (ferrous alloy) X
Wind Wind power station Onshore, offshore Nd, Dy, Pr, Th (permanent magnet) X
Ni, Mo (ferrous alloy) X
Water Hydropower Run-of-river plant / X
Geothermal Organic rankine Cycle (ORC)  Ni, V (ferrous alloy) X
Biomass *** Combustion Steam power plant, combined X
heat and power, ORC, Stitling /
Gasification **** Ni, V {catalyst) X

Fermentation **** P [dedicated energy crops) X
2015 Esterificabon ™ P (dedicated energy crops) X
Electricity storage /
Pumped hydro Ni, V (ferrous alloy) X
Compressed air Diabatic (CAES) / X
energy storage (CAES) Adiabatic (A-CAES) Ni, V (ferrous alloy) X
Hydrogen storage Alkaline electrolysis Ni (catalyst, electrical distribution) X
H, storage X
Fuel cell La, Y, S¢, Ni (SOFC) X
Batteries (stationary) Lithium-ion L ‘ X
Redox flow V (electrolyte) X
Electricity transmission ‘/
High-voltage alternating current 380 kV overhead line Ni. V (ferrous alloy) X
(HVAC) ‘/

High-voltage direct current (HVDC) HVDC overhead line Ni, V (ferrous alloy)

* Not derived from Fig. 2 but analysed additionally.

** CSP is not suitable for application in Germany, but several energy scenarios assume the import of CSP-based electricity from southern countries.

*** Producing intermediate products such as synthetic gas, biogas, bio-methane, vegetable oil and bio-diesel.

**=* Regarding the assessment of dedicated energy crops, it should be pointed out that only mineral resources have been analysed. The availability of biomass itself and
the associated problems, especially with regard to competing demand for land and blomass use [95 96/, were not included in the scope of this study.

e YR d A .
Dap 'T 7 '—’E"u,-xfr‘f G o addition, Ge is used in Gans-Ge cells. These cells are neglected here because they will only be used in special appliances such as in space flights.
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The Use of Potentially Critical Materials in
Passenger Cars
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Department of Energy and Environment

Division of Environmental Systems Analysis
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Gothenburg, Sweden, 2011

Report No. 2012:13

ISSN: 1404-8167

Interior & Instrument Panel: Infotainment: "
Dy, Pd, Gd, Ga, In, Pr  estraints & Airbags: OY: €7 In, La, Li, Nd, Pd, F

m In, Nb, Pt, Rh

Climate System:
:r; ?’:;\ = Dy, Eu, Ga, Nd, Pr, Yb
Engine System:
Ce, La, Li, Nb, Pd, Pt,
Rh,Sm, Ta, Y, Ga

Body Structure:
Nb

Secuﬂtyaody&

Dy, Nd, Pr, ln,u Pt, Ta

,Steeﬂng&atakeSystem
a, Nd, Eu, Li, Tb, Y, Gd, Rh, Sm

Exterior Lighting: Dy, In, Ll Nd, Pd, Pt

Ce, Eu,Gd,Ga, In, Y

Figure 5. Summary of the results from the detailed analysis in terms of distribution by subsystem, Showing where the 24
materials’ main masses where identified. The figure is a summary of all 4 analyzed cars.
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The Use of Potentially Critical Materials in

Total mass per car and material

Passenger Cars
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Gothenburg. Sweden, 2011
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CMH = Conventional Midsize Car, High-Specified
CML = Conventional Midsize Car, Low-Specified
HMM = Hybrid Midsize Car, Medium-Specified
CLM = Conventional Large Car, Medium-Specified

Total mass per car and material =
600
500
u CMH
400
= CML
8 550 | " HMM
‘ » clM
200
100

Molybdenum Neodymium  Nioblum Cobait Dysprosium Shiver

mOML

Copper

B HMM

LTl

Manganese Magnesium Lithium

Figure 6, Total mass per car and material for materials with more than 1 kg Identified in at least one of the cars.
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Figure 7. Total mass per car and material for materinls with identified mass greater than 45g but less than 1kg in at least Figure 8, Total mass per car and material for materials with identified mass greater than 0.5 g but less than 45 g in at

ane of the cars,
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Various types of electric vehicles.
HEV hybrid vehicle
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Figure 32: End-of-life recycling rates for 60 metals Table 155: Summary af the high-, medium-high- and medium-rated meta/s
’ with their associated technolagy

Rating Associated
Element I | Techno lo gy
RareEarths: Dy, Pr,Nd High vehicles, wind
Rare Earths: Eu, Th, Y High lighting
Gallium High lighting, solar
Tellurium I so lar
Graphite Medium-High vehicles
Rhenium Medium-High fossil fuels
Hafnium Medium-High nuclear
Germanium Medium-High lighting
Platinum Medium-High fuel cells
Indium Medium-Hi h solar, lighting, nuclear
Rare Earths: La,Ce, Sm Medium vehicles
RareEarth : Gd Medium lighting
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Fig. 4. Number of primary supply related projects by element. The patterns of the bars
Number of projects All projects inclicote in which process improvements are sought. The inset shows the total number of
primary supply projects by process type. *Not considered critical by the EC.

20
Mo banr of projerts
,5 @ mCombined supply security measues | 4 Secondaty supply projects
BSubstitution and material efficiency |
50 + " | | @Cummined or wmpecfed wae types
W Secondary supply route = 1 ’ ;.m
| DPrimary supply route §:l‘; ! | Cameras
0 N | | MweEE
" | | Mg wantes wndd dagn
0 i

a - (= ~N w3 u - A 3 w - N o L te

Fig. 5. Number of secondary supply related projects per metal. The patterns of the bars

REE I PGM W G A M Ge S O L sb Me Be indicate the type of waste addressed. The inset shows the total number of secondary
supply projects by waste type. “Not considered critical by the EC,
Fig. 3. Number of research projects and commitments addressing each metal. The colours T . -

of the stacked bars indicate which of the three supply security measures is being in- u
vestigated. The inset shows the total number of projects within each supply security
measure, including those that cover several measures. Rare earth elements (REE) and
platinum group metals (PGM) are presented as groups, since project objectives usually do
not specify which of these elements are considered. The total number of projects is 92.
“Not considered critical by the EC.
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Fig. 8. Relative demand for batteries per sector, assuming moderate-size bat-
Fig. 4. Relative demand for permanent magnets per sector in Scenario 3.

teries.
Table 2
Summary of assumptions made in the four scenarios studied.
Colour in figures  Technology mix Battery size  Recycling rates Metal intensity improvement
Scenario 1: Current technology and intensity Black Back-stop Moderate Current None
Scenario 2: Current technology and improved intensity Red Back-stop Moderate Current Between 2% and 5%
Scenario 3: New technology mix and improved recycling Blue Novel Big Improved recycling rates  None
Scenario 4: New technology mix and improved intensity Green Novel Big Current Between 2% and 5%
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Metals for a low-carbon society

Olivier Vidal, Bruno Goffé and Nicholas Arndt

Renewable energy requires infrastructures built with metals whose extraction requires more and more
energy. More mining is unavoidable, but increased recycling, substitution and careful design of new

high-tech devices will help meet the growing demand.

NATURE GEOSCIENCE | VOL 6 | NOVEMBER 2013

www.nature.com/naturegeoscience
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Figure 2 | Increasing global consumption of raw materials. The World Wide Fund for Nature (WWF)
predicts that the contribution from wind and solar energy to global energy production will rise to

25,000 TWh in 20507, To meet this demand, the global production of raw materials such as concrete,
steel, aluminium, copper and glass will need to significantly increase. Open and filled symbols correspond
to different volumes of raw material required to construct different types of photovoltaic panels (PV1and
PV2, respectively, in Supplementary Table 1).
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° B facture, upgrades and retrotits; and those

that turn old goods into as-new resources by

< :er l ' lar eCO I I O I I l 5; recycling the materials, People — of all ages
and skills — are central to the model. Own-

ership gives way to stewardship; consumers

become users and creators’. The remanu-

cmSING I.oops .facturing_ and repair of old good.s. bu_ild-

ings and infrastructure creates skilled jobs
in local w

Using resources for the longest time possible could cut some nations’ emissions by
up to 70%, increase their workforces by 4% and greatly lessen waste.

24 MARCH 2016 | VOL 531 | NATURE

«d
USE DISTRIBUTION
Is controlled by Ownership
buyer-owner-consumers transfers from
of goods, or by fleet manufacturer to
managers who retain consumer at
point of sale.

ownership and sell
goods as services.

THE CIRCULAR ECONOMY

A Nature special issue
nature.com/thecircalareconomy

& 2016 Macmillan Publishers Limited. All rights reserved

Resource losses
partly recoverable

Research is needed to :3,:,1?3:2 3

transform used goods ’

into ‘as-new’ and to

recycle atoms. MANUFACTURING
Renewing used
products lessens
the need to make
originals from
scratch.
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Existen diversas
iniciativas desde la CE y
EGS para homogeneizar
y actualizar las bases de
datos de la Unidn sobre
indicios de materias
primas minerales

El Proyecto Minerals4EU
y el Proyecto ProMine
han alimentado la
plataforma EGDI que
proporciona una base
sdlida de informacion
Actualmente la llamada
GeoERA desarrolla
estudios de mayor
detalle e incluye el
potencial de los fondos
marinos
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Regional warming in the decade 2006-2015 relative to preindustrial

Annual average warmin
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Figure 1.3: Spatial and seasonal pattern of present-day warming: Regional warming for the 2006-2015
decade relative to 1850-1900 for the annual mean (top). the average of December, January and
February (bottom left) and for June, July and August (bottom right). Warming is evaluated by
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