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Minerais para acao climatica

"a producao de minerais como a grafite, litio e cobalto,
pode aumentar até cerca de 500% em 2050 para
satisfazer a procura crescente por tecnologias mais limpas.
E estimado que serdo necessarias mais de 3 mil milh&es
de t de minerais para implementar a capacidade de edlica,
solar e geotérmica necessaria para um futuro abaixo dos
20Cn

o ° . ) rg® o _-.‘ 1 " )
Maior crescimento para: Grafite, Litio, Cobalto (em % da Minerals for Climate Action’
procura atual) e Aluminio (em termos absolutos) : The Mineral Intensity of the

g Clean Energy Transition

CLIMATE-SMART MINING FACILITY

“Embora a crescente procura por minerais e metais ofereca s, Dol Pk, Than b TR AU
oportunidades econémicas tanto para paises em
desenvolvimento ricos em recursos como para entidades do
setor privado, irao provavelmente surgir desafios significativos |
se a transicao energética para a descarbonizacao nao for gerida |
de forma responsavel e sustentavel. ” ®

http://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf



http://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf

% do consumo de minerais pelo Sistema Energético no total dos mercados mundiais de minerais
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The Role of Critical

A % da procura global de minerais pelo Sistema energético ira
aumentar significativamente nas proximas duas décadas até mais de: Minerals in Clean Eneray
> 40% para o cobre e elementos de terras raras,
> 60-70% para niquel e cobalto ,

90% liti https://www.iea.org/reports/the-role-of-
> quase o para o itio critical-minerals-in-clean-energy-transitions



https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

4’ lista UE de 30 Matérias Primas Criticas (MPC) setembro 2020

Antimoénio (Sb)**

Hafnio (Hf)*

Fosforo (P)

Barita (BaSO,
mineral)

Elementos de Terras Raras
Pesados (HREE)

Escandio (Sc)*

Berilio (Be)*

Elementos de Terras Raras
Leves (LREE)

Silicio-metal (Si)**

Bismuto (Bi)

indio (In)*

Tantalo (Ta)*

Borato (compostos
de BO; ou BO,)

Magnésio (Mg)*

Tungsténio ou
Volframio (W)*

Cobalto (Co)*

Grafite Natural (C)

Vanadio (V)*

Carvao de coque

(C) Borracha Natural Bauxite (Al & Ga)
Espatofluor (CaF,) Nidbio (Nb)* Litio (Li)*
Galio (Ga)* Metais do Grupo da Platina* Titanio (Ti)*
Germanio (Ge)** Fosfato natural Estréncio (Sr)*

HREEs = Elementos de Terras Raras Pesados; LREEs = Elementos de Terras Raras Leves; PGMs = Metais do grupo da platina
Vermelho/roxo- relevantes para o H,, Itdlico e negrito — novos materiais na lista de MPC de 2020, * Metal (ou metal de transigdo); ** Metaldide

itrio (Y)*, eurdpio (Eu), gadolinio (Gd), térbio
(Tb), disprésio (Dy), hélmio (Ho), érbio (Er),
tulio (Tm), itérbio (Yb), lutécio (Lu)

lantanio (La), cério (Ce), praseodimio
(Pr), neodimio (Nd), promécio (Pm),
samario (Sm)

N3ao constam da lista de MPC mas relevante para
energia renovavel:

teldrio (Te), cddmio (Cd), molibdénio (Mo),
niquel (Ni), prata (Ag), selénio (Se), estanho (Sn)

ruténio (Ru), rédio (Rh),
paladio (Pd), 6smio (Os),
iridio (Ir), platina (Pt)



Necessidades de materiais para neutralidade carbénica

Ondas M4 | re, cu, Al cr Ni, Mo, Ti [#7] Fontes
ALLA JRC (2011, 2013, 2016)
Garcia - Olivares et al. (2012)
Ashby, Attwood and Lord, (2012)
Captura de COZ Mn, Pr, Cr, Nb, V, Mo, Co [#7] B.Guezuraga (2012)

Corona et al. (2017)
. Elshkaki & Graedel (2013)
Baterias Bauxite, Co, Fe, Li, Mn, Ni, Graphite, Cu [#8] Gamesa, (2014)
Kavlak (2015)
Kleijn and Voet (2010)
Kleijn et al, (2018)

/
Geotérmica ! g : Fel Nil Crl AII MOI Mnl Cul Til Nbl Ta [#10] Ohrlund (2012)

Pihl,_et al (2012)

. s, e Primard, Pierre (2015)
Hidroelétrica [[§§ll § Fe, Cu, Ni, Cr, Zn, Pb, Mo, Mn, Magnesite, Sn [#10] ng(azér?g?;r)nann (2013)
»ﬁ« Vestas, (2012)
A . World Bank (2017)
Solar PV Al, Cu, Sn, Pb, Magnesite, Zn, Ag, Cd, Te, Se, In, Ga [#12] Zimmermann (2013
A

‘- ) Ag (prata), Al (aluminio), B (boro), Cd

I 7} Fe, Al, Mn, Cr, Cu, Ni, Zn, Mo, Nb, Ag, Ti, Va [#12 (cadmio), Ce (cério), Co (cobalto), Cr

SOlar Concentrado r 9 [ ] (crémio), Cu (cobre), Dy (disprésio),
Fe (ferro), Ga (galio), Ge (germanio),

Eélica onshore ’i‘ff Fe, Zn, Cr, Cu, Al, Mn, Ni, Mo, Nd, Pr, Dy, Tb, Pb [#13] In (indio), La (lantanio), Mg

(magnésio), Mn (manganés), Mo

(molibdénio), Nb (nidbio), Nd
L. (neodimio), Ni (niquel), Pb (chumbo),
Edlica offshore Fe, Cu, Zn, Pb, Mn, Al, Cr, Ni, Nd, Mo, Pr, Dy, Tb [#13] Pd (paladio), Pr (praseodimio), Se
yvvey (selénio), Sm (samario), Sn (estanho),
Py Ta (tantalo), Th (térbio), Te (teldrio), Ti
— . . (titanio), V (vanadio), Yt (itrio), W
Nuclear Cr, Ni, Mo, Cu, Zr, Ag, W, Pb, Ti, Nb, In, V, Cd, Yt [#14] (tungsténio), Zn (zinco), Zr (zirconio).
=
Veiculos elétricos <y | Al B, Ce, Co, Cu, Dy, Ga, Ge, Au, Graphite, In, Fe, La, Pb, Li, Mn, Nd, Ni, Pd, Pr, Sm, Ag, Tb, Ti [#24]

5

Stilwell. T., Simoes. S.G. (n.d.) Mapping necessary resources for the transition to a low carbon energy system. (in preparation)



Critical Raw Materials for
Strategic Technologies and Sectors
in the EU

A Foresight Study

- N Sep 2020
] P

https://ec.europa.eu/docsroom/documents/42881
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Materiais para o hidrogénio
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RESEARCH ARTICLE

Critical materials for water electrolysers at the example of
the energy transition in Germany

steffen Kiemel® | Tom Smolinka® | Franz Lehner*® | Johannes Full' |
Alexander Sauer’ | Robert Miehe'

*Fraunhofer Institute for Manufacturing

ering and Automation IPA, Summary
Germany The present work aims to identify critical materials in water electrolysers with
potential future supply constraints. The expected rise in demand for green hydro-

HYDROGEN AND THE ENERGY
SITION AS A WHOLE

gen as well as the respective implications on material availability are assessed by
conducting a case study for Germany. Furthenmore, the recycling of end-of-life
(EaL) electrolysers is evaluated concerning its potential in ensuring the sustain-
Correspondence able supply of the considered materials. As critical materials bear the risk of rais-
! ing production costs of electrolysers substantially, this article examines the
readiness of this technology for industrialisation from a material perspective.
Except for titanium, the indicators for each assessed material are scored with a
moderate to high (platinum) or mostly high (iridium, scandium and yttrium) sup-
ply risk. Hence, the availability of these materials bears the risk of hampering the
scale-up of electrolysis capacity. Although conventional recycling pathways for
platinum, iridium and titanium already exist, secondary material from EoL elec-
trolysers will not reduce the dependence on primary resources significantly within
the period under consideration—from 2020 until 2050. Notably, the materials
identified as critical are used in PEM and high temperature electrolysis, whereas
‘materials in alkaline electrolysis are not exposed to significant supply risks.

'Edtech Sarl, Lausanne, Switzerland

KEYWORDS

green hydmgen, material criticality. recycling, supply risk. water electrolysis

MATERIALS FOR END-TO-END HYDROGEN

1 INTRODUCTION meeting resulted in the first global and legally binding

climate protection agreement and the pledge to keep
In comparison to the preindustrial era, the world's climate  global warming considerably beneath an increase of 2°C
experienced an average temperature rise of 0.85°C.' The  compared to the preindustrial era.* Hence, several coun-
global temperature increase has significant consequences  tries pursue their own national climate action plans in

for vulnerable climate and ecological systems. Excessive  order to reduce GHG emissions and thus contribute to

Set 2020

https://onlinelibrary.wiley.com/d
oi/epdf/10.1002/er.6487

m innovation ~,¢“~"‘
Lfor life —— —

elementenergy &

Mar 2021

Abl" 2021 https://www.tno.nl/en/focus-areas/strategic-analysis-
https://www.royce.ac.uk/content/uploads/2021/06/Materi policy/expertise-groups/strategic-business-analysis/electrolysis/
als-for-End-to-End-Hydrogen Roadmap.pdf



https://www.royce.ac.uk/content/uploads/2021/06/Materials-for-End-to-End-Hydrogen_Roadmap.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1002/er.6487
https://www.tno.nl/en/focus-areas/strategic-analysis-policy/expertise-groups/strategic-business-analysis/electrolysis/

Materiais para o hidrogenio

Eletrolisadores Alcalinos

Eletrolisadores PEM Niguel, Cobalto, Platina (ou Paladio)
Catalisadores Tu, Co, Ru
Iridio Eletrolisadores SOEC
(1-3mg MGP/cm?* £
ou 10g Ir/m, superficie ativa ou 0,667g Ir/kW) Itrio (14g Y/kW capacidade**)
Platina ou Paladio Lantanio

Estroncio e Titanio

Escandio (23g sckw *#
Materiais de substrato baseados em TiO, /
(0,32 g Ti/kW**) Nig uel

.~ Sb, Ru, Nb, Ce Manganés ﬁ
ﬂ: Y] Y] Y]
Ce, Sm, Gd, Nd, Ho, Cr 'H‘ oA

L

(0,025mg Pt /cm?* ou 0,333-0,0375 g Pt/kW**)
Titanio

Cobre — ligas de Ni, cablagem; Grafite — placas bipolares; Aluminio- gestao térmica do stack

Outros materiais necessarios para:

e (Catalisadores para producao e cracking de amoniaco: Ru, Ni, outros?

* Para transporte nas redes de gas natural
* Purificagdao de H, por PSA (pressure swing adsorption): Si, Na, Al, Pd (testes com varias membranas)
* Compressores centrifugos de H,: Ti (em teste)

* https://www.royce.ac.uk/content/uploads/2021/06/Materials-for-End-to-End-Hydrogen Roadmap.pdf

*k https://onlinelibrary.wiley.com/doi/epdf/10.1002/er.6487



https://www.royce.ac.uk/content/uploads/2021/06/Materials-for-End-to-End-Hydrogen_Roadmap.pdf
https://onlinelibrary.wiley.com/doi/epdf/10.1002/er.6487

Competicao futura por materiais?

HYDROGEN o .
ROADMAP ambitious H, scenario
JIRE==e, 3100 PJ H, na Europa em 2050 a Estimativa de materiais necessarios em 2050 apenas
(~60% consumo atual energia na para a eletrélise: que % na producio global atual?
Alemanha) 100% H, verde
Aumento de 7x da atual 50-50 eletrolisadores PEM/ALK
ca pacidade prod utora Substituicdo de capacidade de eletrolisadores entre 2020-2050
hroemaeermsnn. & 1l PEM tempo vida 7 anos, ALK tempo vida 10 anos
https://www.fch.europa.eu/sites/default/files/
Hydrogen%20Roadmap%20Europe Report.pdf
Iridio (H, 122%) Platina (H, 25%) Niquel (H, 2,4%) Cobalto (H, 0,1%)
Eletrolisadores PEM Eletrolisadores PEM/ALK Eletrolisadores ALK Eletrolisadores ALK
Eletrénica (43%) Catalisadores automoveis Aco Baterias (42%)
Eletroquimica (27%) (80%) | Magnetos Ligas (23%)
IndUstria quimica (7%) Joallharla (10%) Baterias Outros (10%)
Industria quimica (10%) Moeda
Ligas »
https://www.tno.nl/en/focus-areas/strategic-analysis- Industria quimica 9

policy/expertise-groups/strategic-business-analysis/electrolysis/



https://www.fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://www.tno.nl/en/focus-areas/strategic-analysis-policy/expertise-groups/strategic-business-analysis/electrolysis/

Simulacao da procura europeia de iridio (t/ano)
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122% compared to current global annual production -
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Mercados e criticalidade

Como definir a criticalidade destes materiais? “O custo do catalizador de platina representa apenas
- Disponibilidade do recurso cerca de 8%* do custo total do eletrolisador, mas as

: ] . fragilidades da cadeia de abastecimento mundial e
» Risco de rutura na cadeia de abastecimento .
Aspet it volatilidade dos mercados podem travar o
S Gl desenvolvimento dos eletrolisadores PEM.”
« Volatilidade de precos Katherine Ayers, vice-presidente para investigacdo da Nel

https://wwwé.slac.stanford.edu/news/2019-10-14-study-shows-much-cheaper-
catalyst-can-generate-hydrogen-commercial-device.aspx

Produgao mundial em 2020 (USGS)

Pt: 70% ZA, 12% RU, 8% Zimbabué, 5% Canada
« Co: 68% Congo; 4,5% RU, 4% AU
o Ti: 28% CN, 15% ZA, 12% AU, 8% Canada
* 1/3 producao Y é subproduto da extracao de Sa (13%), Ce (9%), La (5%), Fe (3%) & Se e Ti (<1%)
* Terras raras: 58% CN, 16% US, 13% Burma, 7% AU

entre 1 Dez 2020 e o final Mar 2021 o preco do Ir
aumentou de $1,670 para $6,000/0z

* Qutras fontes referem valores de 50% do custo total


https://www6.slac.stanford.edu/news/2019-10-14-study-shows-much-cheaper-catalyst-can-generate-hydrogen-commercial-device.aspx

Materiais e tecnologias de H, — cadeia de valor na UE

Raw materials

Ag, Al, Au, B, C (graphite),
Co, Cu, Cr, Fe, Li, Mg, Mn,
Mo, Ni, Pt, Pd, Ru, Rh, REEs,
Si, Sr, Ti, V, Zr, limestone
(Ca), feldspar, kaolin, soda
ash (Na), potash (K)

Critical Raw Material

EU27
Rest of Europe
Critical Raw Materials for

Strategic Technologies and Sectors Ch |na
in the EU

A Foresight Study Japan
Russia

USA

Africa

Rest of Asia

: Latin America
= Others

https://ec.europa.eu/docsroom/documents/42881

Processed
materials

Porous carbon, polymers
(PFSA), yttria stabilised

zirconia, carbon cloth/paper,

polyamide ultramid, carbon
fibres composites (CFC),
graphene, scrap and flake
mica, stainless steel, boron
nitride powder, metal
hydride, nano materials &
carbon nanotubes

o
=10%
7%

N s

M 15%

Components

Membrane Electrode
Assembly (MEA),
catalyst, membrane,
gas diffusion layer
(GDL), bipolar plates,
H2 vessel

. s

I s
I ;o

Assemblies

Fuel cells
1%
I o
e U
® [
.O
LNEG


https://ec.europa.eu/docsroom/documents/42881

Consideragoes finais

A evolucado da capacidade a instalar de hidrogénio por eletrolise ndo sera linear como assumido no

estudo do TNO e sim exponencial. Qual o impacto da concentracao deste faseamento em menos
anos?

» Devera haver competicdo entre diferentes usos de materiais com |mpactos nos precos. Podera haver
uma priorizacao de usos de materiais escassos? Eletronica versus energia?

« Devera haver competicao entre materiais entre regides do planeta
 Diversos esforcos no sentido da reciclagem e substituicao de componentes

“Garantir a disponibilidade de materiais criticos € uma tarefa a escala nacional e Europeia e
envolve geopolitica, estratégia e regulamentacao”**

A.borda!gfeps para reduzw.rl?co de Uma alternativa a Platina e iridio
disponibilidade de materiais poderd ser um catalizador usando
e Desenhar para a recidagem nanoparticulas de fosforeto de cobalto*
« Desenvolver tecnologia de eletrélise usando

outros materiais
* Aumentar tempo de vida dos eletrolisadores

* https://www.nature.com/articles/s41565-019-0550-7
%k %k

https://www.tno.nl/en/focus-areas/strategic-analysis-policy/expertise-groups/strategic-business-analysis/electrolysis 13



https://www.nature.com/articles/s41565-019-0550-7
https://www.tno.nl/en/focus-areas/strategic-analysis-policy/expertise-groups/strategic-business-analysis/electrolysis/

“New and more diversified supply
sources will be vital to pave the way
to a clean energy future. A strong
focus on recycling, supply chain
resilience and sustainability will be
essential”

s

The Role of Critical
Minerals in Clean Energy | 5
Transitions o "

https://www.iea.org/reports/the-role-of-
critical-minerals-in-clean-energy-transitions T ——



https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

ecessidades de agua para producao de hidrogénio via eletrolise

POLICY

Contents lists avallabls at

Journal of Cleaner Production

POLICY

joumnal homepage: www_elsevier.comfloc

AGUA PARA A PRODUCAO DE HIDROGENIO VERDE
(RENOVAVEL) VIA ELETROLISE EM PORTUGAL

Junho 2021

Water availability and water usage solutions for electrolysis in
hydrogen production

Sofiz G. Simoess, Justina Catarine , Ans Picado, Tiage F. Lopez, Sa
Filipa Amorim, Francisco Girie, C.M. Rangel, Teresa Ponee de Leao

o di Berardino,

Labermirin Nasienal de Enswpin = Genlngis, 5. Ertresie de Pertels, Saime do I

i 2720.095, Amasizns, Derieps!

be .
Peralizada (a4 igne du
Pertas ASTM) au wn poscn

A maniris Ao ewtrndand

Poche de wes par s tratar &

. Imtroducticn
QUAIS AS FONTIS DEAGUA O

PARA A PRODUC A D€
MIDROGENO VERDE I .
PORTUGAL?

yeles of expectatic
sachralogies

Quais 03 Hipes de fonte de agus dispaniveis em Portugsl pars
alimentar projetos de producio de H: poe eletridise”

Qual 4 qualidade de dgus ecessaria’

Quals as imphcacies da wiilizacie de difevontes lates de
AU nos custus de producio de B, verde?

=)

2021 Elsevier Lol ATl igits reserved

https://doi.org/10.1016/j.iclepro.2021.128124

https://www.lneg.pt/wp-
content/uploads/2021/10/PB_UER Fontes de Agua para H2
2021 PT v7.pdf
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