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The EIC in a nutshell |

The European Innovation Council is Europe’s flagship innovation programme  coun
to identify, develop and scale up breakthrough technologies and game
changing innovations.

Major novelty introduced in Horizon Europe (following a pilot 2018-20 under Horizon Europe) with
budget of over €10 billion as part of HE

Objective to identify, develop and scale up breakthrough technologies and disruptive innovations in
Europe and focused on Deeptech

Covers full innovation journey from foundational research on breakthrough technologies, to
commercialisation, deployment and scale up (to drive the research to innovation)

EIC Board to advise Commission on strategy and implementation, with full time President (Michiel
Sheffer) and 20 members (entrepreneurs, investors, research/ tech transfer, innovation experts)

EIC Programme Managers to develop visions for technology breakthroughs and manage portfolios of =
projects to achieve breakthroughs (drawing on experience of US DARPA, ARPA-E, etc). To identify and
develop challenges with strategic economic/societal impact.

EISMEA (European Innovation Council and SMEs Executive Agency (EISMEA)) delegated implementatio
of calls and grant management, coordination with equity, BAS (Business Accelerator Services) [ ] [

Dedicated EIC Fund established to implement investments (EIB as investment advisorﬂ I I 7,




EIC is trendy!

The future of European
competitiveness: Report by
Mario Draghi
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Horizon Europe Structure

HORIZON EUROPE EURATOM
SPECIFIC SPECIFIC PROGRAMME IMPLEMENTING HORIZON EUROPE & EIT*
PROGRAMME: Exclusive focus on civil applications
EUROEEAN Pillar | Pillar Il Pillar Il
r £ ar 2 ar Fusion
EE EEHEE EXCELLENT SCIENCE Qﬂf} GLOBAL CHALLENGES & & - INNOVATIVE EUROPE
] h EUROPEAN INDUSTRIAL
Exclusive focus on COMPETITIVENESS
?ﬁﬁ?ﬂ;ﬂsg European Research Council + Health European Innovation
ment @ + Culture, Creativity & Council
Marie Sktodowska-Curie ﬁ :flﬁill‘r;::ufrjt:l:::rﬁcciaty
- ' European innovation
+ Digital, Ind i
Research Research Infrastructures - : {::E'nt:tﬂ I.:EI.'.'I :r:;: ifll:::fﬁty ecosystems Fission
actions + Food, Biceconomy, Natural i
Resources, Agriculture & European Institute of
Environment Innovation & Technology®
Joint Research Centre
Joint
Development Research
aERane WIDENING PARTICIPATION AND STRENGTHENING THE EUROPEAN RESEARCH AREA Center
Widening participation & spreading excellence Reforming & Enhancing the European R&l system [:]

* The European Institute of Innovation & Technology (EIT) is not part of the Specific Programme
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EIC deals with Deep Tech Council

Definition of Deep Tech

Deep tech is technology that is based on cutting-
edge scientific advances and discoveries and is
characterized by the need to stay at the
technological forefront by constant interaction
with new ideas and results from the lab.

EIC definition https://eic.ec.europa.eu/document/download/Se1eb75f—e5f37-_377f-dee!-
(Glossary page 16) ef54ff6387fd_en?filename=EIC%ZOWork%ZOProgramr|%20202S.pdf I 3




EIC meanly deals with Deeptech o

Council

A deep tech innovator, i.e., is an innovator providing technology solutions based on substantial
scientific or engineering challenges. Deep tech is characterized by a much longer time horizon from

the earliest stages of technological development from prototyping in a research lab (private or public) to
demonstration in a real-life environment and then scaling to impact.

L} Problem and Hardware oriented

L} Multidisciplinary
L> High risk, high fund needed (Disruptive research)

L} Open innovation approach (ecosystem of innovation)

investments include private investments, minority stakes, initial public offerings and M&A I_Y
EIC definition httpszﬁe|c.ec-europa.eu!dc:cument,’downInad!5e1eh?SﬂeEl':l'/ﬂ??f* eeY-

(Glossary page 16) edeffGEB?fd_en?fi|ename=EiC%EDWork%2ﬂPrngramrl%202025.pdf I 3



https://eic.ec.europa.eu/system/files/2022-04/Realising%20the%20Deep-Tech%20Entrepreneurial%20Talent%20of%20Europe.pdf#:~:text=Different%20Funds%20defines%20the%20term%20in%20this%20way,companies%20and%20innovators%20building%20science-based%20or%20R%26D-based%20products.
https://eic.ec.europa.eu/system/files/2022-04/Realising%20the%20Deep-Tech%20Entrepreneurial%20Talent%20of%20Europe.pdf#:~:text=Different%20Funds%20defines%20the%20term%20in%20this%20way,companies%20and%20innovators%20building%20science-based%20or%20R%26D-based%20products.
https://eic.ec.europa.eu/system/files/2022-04/Realising%20the%20Deep-Tech%20Entrepreneurial%20Talent%20of%20Europe.pdf#:~:text=Different%20Funds%20defines%20the%20term%20in%20this%20way,companies%20and%20innovators%20building%20science-based%20or%20R%26D-based%20products.

How to classify the technology readiness of the projects? vaon

Council

Technological readiness level and Manufacturing readiness level

Implications Proof of Prototype Three
and concept materials, tools sria sigmain

materials and skills place .
Manufacturing
1 2 Readiness Level
Identify Identify technology AC Initial (MRL)
processes and cost cost production
Principles and Analytical Design and Performance
research experiment performance and testing

Technology
Readiness Level
(TRL)

1 2 3

Explore Validation Model and
applications and prototype
requirements
R &D Projects

Commercialisation


https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/United_States_Department_of_Defense
https://en.wikipedia.org/wiki/European_Space_Agency
https://en.wikipedia.org/wiki/European_Space_Agency
https://en.wikipedia.org/wiki/Technology_readiness_level#cite_note-ESA08-2
https://en.wikipedia.org/wiki/European_Commission

Innovation
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EIC main instruments and characteristics European -

Pathfinder
Early stage research on breakthrough

technologies « Focus on breakthrough, market-creating, deep-

Successor of FET (Open & Proactive)

TRL 1-3/4

 Steered by EIC Board of leading innovators
(entrepreneurs, investors, researchers, ecosystem)
Transition

LCCULELEI AU T CUELCIUNTEREGRCRUCEEI . Bysiness Acceleration Services (coaches/ mentors,

to validation corporates, investors, ecosystem)
Business & market readiness P ! ' y

Grants up to €2.5 million

TRL 4-5/6 * Pro-active management by EIC Programme
Managers
Accelerator —
Development & scale up of deep-tech/ * Follow up funding for results from Horizon
disruptive innovations by startups/ SMEs (ERC, EIT, collaborative) & national programmesl
Blended finance (grants up to €2.5 million;
equity investment up to €10 million) T =

Successor of SME instrument

TRL 6-9 I:I I I 3




Hands on approach to drive
the trip from research to
Innovation

European
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Council

EIC Pathfinder

EIC BAS
(Business Acceleration
Service)

EIC Transition
Access to advice/skills

Access to business activities

partners

Access to innovation

ecosystem & peers —
EIC
Accelerator I
& equity =

I R



Orsolya Symmons
Health and Biotechnology

Hedi Karray

Artificial Intelligence

Paolo Bondavalli

Advanced materials for energy

Stella Tkatchova

Space systems & technologies

Samira Nik
Quantum tech & electronics

Franc Mouwen
Architecture engineering construction technologies

Federica Zanca
Medical imaging and Al in healthcare

Ivan Stefanic

Food chain technologies, novel & sustainable food E I C

Isabel Obieta PROGRAMME
Sustainable Semiconductors MANAGERS
Carina Faber Oversee projects

Renewable energy conversion & alternative resource exploitation

European Rl
Innovati 55
*

Councll




European Innovation Council
and SMEs Executive Agency
(EISMEA)

| % European
" 1= Commission

European
Innovation
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EIC Programme Manager Priorities =

" Pro-active management of A

Identify candidate challenges and
y 5 selected portfolios and projects

select portfolios of projects
Science and innovation intelligence activity Technology

Outreach and community building Regulation

. 1 . . Transition to innovation
Guiding panel members to select portfolio of projects

for Pathfinder, and active observers for Transition Communication and dissemination
and Accelerator

\_ ) /

EIC
Programme
Management

Creating together a nucleus of expertise and (per sector)

capabilities; the core of the innovation
ecosystems of the future




€262
@ €98 .TRANSITION

€634

£0

PATHFINDER

ACCELERATOR

€300

€125 l

STEP

mm €30
€142
mm €30
€98
N £30
€384
mm €30
€624
Bl €50
€120 |4
0] Il €50
Z
4
€250 B €50
)
€370 Hl €50

SCALE UP CALL Bl €50

Follow on investments, other calls/CSAs, prizes,
public procurement actions, experts, fees, other

P1 | Biotech for Climate Resilient Crops and Plant-Based
Biomanufacturing

P2 | Generative-Al based Agents to Revolutionise Medical Diagnosis
and Treatment of Cancer

P3 Towards autonomous robot collectives delivering collaborative
tasks in dynamic unstructured construction environments

P4 | Waste-to-value devices: Circular production of renewable fuels,
chemicals and materials

A1 | Acceleration of advanced materials development and
upscaling along the value chain

A2 | Biotechnology driven low emission food and feed production
systems

A3 | GenaldEU: Creating European Champions in Generative Al

Innouvative in-space servicing, operations, space-based robotics
A4 | ; » .
and technologies for resilient EU space infrastructure

A5]| Breakthrough innouvations for future mobility
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Advanced materials: definition

Advanced Materials are defined as materials that are

They are key enablers for the development of game-changing
products and innovative solutions in many industrial sectors, such
as energy, mobility, electronics, and construction.

70% of all technical innovations are directIeIL_qr mdlreUtIy
—

-

Izo

attributed to advanced mateiia S
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Advanced materials: definition

« Advanced materials include both:

> new emerging materials from innovative manufacturing processes
(high tech materials)

> materials that are manufactured from traditional materials
(low tech materials)

https://one.oecd.org/document/ENV/CBC/MONO(2022)29/en/pdf
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Some example of advanced materials (high tech)
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Advanced materials are in our everyday life in all sectors Innovation
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Europepn
The four foundamental pillars that generate the basis for the i
development of advanced materials

- Safeguarding Europe’s technology leadership
* Reducing the environmental footprint by using advanced materials
* Securing strategic autonomy

- Targeting advanced materials innovation markets

I

oo (RN -

MATERIALS 2030 MANIFESTO
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The Green Deal vl

The European Com|55|on has adopted a set of proposals to make the
EU's climate, energy, transport and taxation policies fit for reducing net
greenhouse gas emissions by at least 55% by 2030, compared to 1990
levels.

; It set Iin stone Europe's goals to become climate-neutral by 2050.




European

The paradox of the Green Deal and the enhancement of the e
Renewable Energy Sources (RES)

The Green Deal is pushing to the development of cleantech that will
reduce dramatically the CO2 emissions.

However, the EU's demand for base metals, battery materials, rare
earths and more is set to increase exponentially as the EU divests from
fossil fuels and turns to clean energy systems which necessitate more
minerals.

The Critical Raw Materials are at the base of the |mplemé_r||tat|o' of
the Green Deal Objectives.

oo (RN -

I I27
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Definitions

* Critical Raw Material

Critical Raw Materials (CRMs) are raw materials that are economically
and strategically important for the European economy but have a
high-risk associated with their supply.

- Strategic Raw Materials

Strategic raw materials are raw materials that are important to an
individual's or organization's strategic plan and supply chain

management.
I

oo (RN -




EU Critical Raw Materials Act W Transition W Alkalimetals M Nonmetal

i ini European
Critical Raw Materials Marked with Color metals B Metalloid W Actinide e 17"
st AL o W Metals M Lanthanide B Noble gas
+ Strategic Raw Materia
e M Halogens M Alkaline earth
metals

® %
Li (- f
o &
Mg Al Si
& L4 o & &« °
Sc Ti Vv Co Ni Cu Ga Ge As
<4 & &
Sr Ru Rh Pd Sb
& - o &
Ba Hf Ta W Os Ir 24

« 2 e o " ® & &

-
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Technologies
Materials

Supply Risk

(sorted largest to smallest)
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Critical Raw Materials in Wind turbins: how are they used in Wind Turbins?

There is a strong needs of rare earth elements that are used

Permanent magnets for magnets fabrications.

T

memmanss @ |
.. : :-:: ::: — Wl i:%&:i-. -;i’;] :
. Aluminum = | o
3 Tons Chromiurm esseriial for sk B "

]

W E‘-,f.__w'

Rare Earth ‘/"\' wnm r o e T

Elements - prodhc o Lsed foe rriary parts of NP
2 Tons
. — BT Aluminium 3
Other Matenals ”':"l'bdm J X ;-'l 1‘-.%"'&'-"‘ ."l'-".';:.!"l Tal
or Materials CS L Mo B
Concrete | OZinc . o _
1,200 Tons Micked e — T — . 1_,,1‘ Logper Wik
@® Molybdenum ey R WY wnong

Maobium 3 griy T - I::F:"::: Lead {i Brl
https://manuallibraryrecourse.z21.web.core.windows.net/materials-for-wind-turbi "“#= = @ = frshore b
European Commission, Directorate-General for Internal Market, Industry, Entr preneurship%Bobba, S., Carrara, S., Huisman, J., Mathieux,

F., et al., Critical raw materials for strategic technologies and sectors in the : a foresight study, Publications Office, 2020,
https://data.europa.eu/doi/10.2873/58081
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Critical Raw Materials in Wind turbins: how are they used in Wind Turbins?

China control the production of rare earth used and
Permanent magnets has 90% control on the fabrication of magnets.

Production shares of neodymium, praseodymium,
dysprosium and terbium oxides per country

g . Aluminum
3 Tons

Rare Earth ~ ‘
Elements -
2 Tons

India 1% Russia 1%
\__/

/ Other Materials
( Concrete : O Zinc
1,200 Tons

/ ® Molybdenum

\ 4

-

I32

https://manuallibraryrecourse.z21.web.core.windows.net/materials-for-wind-turbines.html

Sources: (A), USGS (2020); (B) and (C), JRC (see Annex 1 for further information).
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Critical Raw Materials in Wind turbins: we have a marginal role...

« Within the supply chain for wind generators, the highest risks exist at the raw
materials stage. The EU only provides 1% of the raw materials for wind energy.
Major concerns exist about the supply of rare earths for the production of
permanent magnets — key components for the wind turbine generator — for
which China plays a quasi-monopolistic role. However, EU plays a major role
only in the assembly stage, where its share is above 50%.

 Rare earths and borates contained in permanent magnets are crucial raw
materials. The supply risks related to extraction and processing of rare earths are
the main concern: China increasingly dominates the supply of these raw

materials. D I

oo (RN -

I I33
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Solar Cells and Critical Raw Materials: how are they used in solar cells?2<"

* Council

_thin-film copper indium gallium selenide
(CIGS) or indium-tin-oxide (ITO)

Aluminium: in panel frames and
inverters or in alloys for construc-
tion and support

) Copper: highly used for wires,
P/ cables, inverters, also in CIGS
technology

Iron: in steel alloys for different
parts and in fixing systems of PV
installations

Gallium: as dopant in semiconduc-
tors or in CIGS technology

Boron: as dopant (p-type) in crystal
|attice of the silicon-based wafers
Lead: in alloys with tin (Sn) as
solder for electric circuits and
interconnectors

Indium: as ITO conductive layer or
in CIGS technology

Germanium: as semiconductor
materials for multi-junction solar
cells

\ Molybdenum: as back contact for

Nickel: in electroplating or in ‘
CIGS or in stainless steel frames

stainless steel frames, fasteners
and connectors

Silicon: as semiconductor
matenals in crystalline or
amorphous solar cells

b Selenium: in thin-film CIGS solar
- cell

Zinc: as transparent conductive

oxide in the front contact of solar A Silver: as conductive paste on

& Tin: in combination with lead for

cells front and back side of the ‘ :
v ) soldering or with indium in
crystalline solar cells cindiictive layers ()
|
P 4 % = . >
& ) Cadmium: in thin-flm cadmium | Tellurium: in thin-flm cadmium -
2 telluride (CdTe) photovoltaic W telluride (CdTe) photovoltaic
@ (Critical Raw Material technology technology

Europes
raw mat
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Raw materials Processed Components Assemblies
materials

The most vulnerable step along the supply chain of PV
technology is at the component level, for which China
dominate the supply market with about 89%.

EU27 W 6% B s
Rest of Europe | 3%

China F 53% N 50
Japan 4%

Russia _ 50

Usa W 7% B s%

Africa | 13%
Rest of Asia _ 3%
Latin America | 4%

Others 1 3% . %

| 1%

I ooy I 70

B s

215
35
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Short history on how we have lost the leadership in Solar Cells Production

« China dominates nearly all aspects of solar PV manufacturing and use. This dominance started
ironically in the late 1990s as response to the increasing demand for solar panel generated by at nearly
all aspects of solar PV manufacturing and use. This dominance started in the late 1990s as response
to the increasing demand for solar panel generated by Germany incentive programme to
promote rooftop solar cells.

« China’s solar manufacturing capacity grew further in the years following the 2008 economic crisis when
the Chinese g the 2008 economic crisis when the Chinese introduced in 2011 the feed-in tariffs for
solar cells (“"dumping”). The China technique has been to reduce the price internally and to
reduce exportation of rare earths. At the same time, they reduce internally the price of rare earth and
they push some Chinese companies with subsidies. The push foreign companies to move to China to
reduce the production prices. As a consequence, the low price in China became a standard killing all
the companies developed outside China.

* In 2019, the list of top 10 companies in terms of crystalline silicon cells include eight from China,
one from South Korea (Hanwha Q Cells) and one from Canada (Canadian Solar).
« According to Bloomberg, the EU manufacturing capacity for crystalline silicon cells in accounted for -
only 0.3% in 2019, particularly in Italy, Germany and France (BloombergNEF, 2020)
L B
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Batteries Critical Raw Materials: how are they used in batteries?

Cobalt: in cathode matenals in
LCO, NCA and NMC batteries

° Lithium: as lithium-cobalt oxide
(cathode) and as salt (electrolyte) in

Li-ion battery

Copper: as current collector foil at {‘* -w*.., e |
| [} A MJF

anode side, In wires and other Z

conductive parts

_

Graphite: natural or synthetic
nign-grade purity in anode electrode
in all Li-ion battery types

Silicon: in (future) anodes to K

ennance energy density

ER Manganese: in cathode matenals
H%}: for NMC and LMO batteries

k mﬁ“ Aluminium: for battery
"’1.} packaging or as current collector
foil (cathode), in NCA batteries [ ':. Ji E;. Nickel: as hydroxide or intemrmetallic

' ,__r’ compounds in NMC, NCA battenes

Titanium: in future anode matenals o

and coatings, in LTO, for battery
packaging

Niobium: in future anode and
cathode material (coatings) to
improve stability and eneray density

@ Critical Raw Material
R = ]

European Commission, Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs, Bobba, S., Carrara, S., Huisman, J., ieux, F., et al., Critical
raw materials for strategic technologies and sectors in the EU : a foresight study, Publications Office, 2020, https://data.europa.eu/doi/10. /58081
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Batteries Critical Raw Materials: a strategic issue

Raw materials

»

Processed
materials

Components Assemblies

Co, L, Cathode materials, Cathodes Li-ion cells
C (graphite), Nb, Ni, (NCA, NMC, LCO), Anodes
Mn, Si, Cu, Ti, Iron ore, Anode materials Electrolytes
Al P, (processed Separators
F (fluorspar), Sn natural & artificial
graphite)

Critical Raw Material

EUZ7 | 1% 8% Yy
Rest of Europe %
China 32% 5200 52%
Japan | 1% 31% 31%
Russia § 3%
USA | 1% I
Africa 21%
Rest of Asia Il 11% 1% | 1% -
Latin America 21%
Others M 8% W 7%
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Batteries Critical Raw Materials: where are they produced?

_ : Lithium Cobalt Graphite
. 1% 40% 35% 24% 2% 51% 6%  41% 1% 65% 14% 20%

e = H_ o
Cong na

V EU Australia Chile Other EU Other EU China India

Cathode Anode Electrolyte
12% 44% 19% 25% 0% 71% 26% 3% 51% 23% 17%
_— . . | . | . —r .
EU China J:pan l:‘.lthur EU China Japan Other EU China Jap:n ﬂthr!r
Cells/modules
0% 26% 31X 43%

EU China Japan Other

-
The EU is particularly dependent on other countries when it comes to the supply chain of electric vehicle
I 39

batteries. © macpixxel for GI5S



Batteries Critical Raw Materials: what is the impact on e-mobility in  imoton
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the next years?

Additional material consurmgtion for batteres in e-mability only in 20307205 "
companed to current EU corsumgtion® of the maternal m all applications :
Lithaisrm™ Lerapiiget DOALL

B

Considering the monopoly of China in the field of Rare
Earths, they were able to develop a market for cars with a
lower price, it is the same tactics used for Solar Cells

| e Supply' (SLa08 AR OF D Sy
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Batteries Critical Raw Materials: which are the main bottlenecks? Ot

« Bottlenecks for the EU are in the raw materials stages and the Li-ion
cells production: China, together with Africa and Latin America,
provides 74% of all battery raw materials.

« By itself China supplies 66% of finished Li-batteries.

* Currently, the EU provides less than 1% of Li-batteries.




Some conclusion about energy transition, cleantech
and the link with CRMs and SRMs
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ELSEVIER

The development of the market for
rare earth elements: Insights from
economic theory

Dominik Schlinkert © 2 &, Karl Gerald van den Boogaart ® * &

Show more s

The law of van den Boogaart I




Phase Model Real market European
Innovation
1: Penetration of One producer is able to Between the late 19805 to the 1990s Council

the market fulfill the market demand China's market share increased due
at a lower price and gains  to a low price strategy.

market share.

2: Exploiting Only one significant With the shutdown of the Mountain
market power producer is left in the Pass mine in 2002, the Chinese
market who can use this production is the only significant
power to maximize the supplier. In the following, actions,
profit (i.e. control supply).  such as the export quota, are
imposed that control supply.

(3: Losing market Due to increasing marginal The price peak in 2011 and a \
power costs with increasing predicted further growing demand

production, prices rise toa results in the launch of several REE Not arrived at this phase

level that attracts projects around the globe, The
\ competitors. market is currently in this phase. )
4: The growing demand in This scenario is yet to come but is
Transformation the market lead to the the comprehensive final stage of the
of the market entering of enough previous three phases.

competitors to transform

the market from a [:I I
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China is simply realizing a precise strategy e -

China's market share on steps of REE value chain

Rare Earth mines

1

oOOS0O000

|

Mat®rials

1

. Comp@lnents

L

Share of world market
0% 20% 40% 60% 80% 100%
1

L

1970 1980 19:;0 2000 2010 2020 2030 2040 Systems

Yeoar

Minerals — Materials Components -~ - Systems

Figure 2. China’s market share of global production of various
rare earth elements (REE) of increasing value.

Source: Karl Gerald van den Boogaart, Polina Klossek, and Andreas Klossek, “How
Forward Integration along the Rare Earth Value Chain Threatens the Global Economy,” I:I I
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Critical Raw Materials: European policy Ot

* For cleantech technologies, increasing EU raw materials production and processing
and assembly capacities will require investments to reduce the dependency on the
Asian market. Establishing privilegied relationship (agreement with Congo, Australia
has been just signed).

« To move in the direction of developing new technologies based on other
materials (e.g. sodium based for batteries) even if they require initial strong
Investments.

« To improve the capacity in recycling CRM materials and to develop a virtuous
circular-by-design approach (recyclability taken into account fo the very
beginning). [jﬁ I

— [ -

« To develop ad hoc regulations to push the market gnd to protect_Europe,from

aggressive competitors such as US and China. r *




European
Innovation
Council

To summarize

* To be creative
* To be patient
* To strongly invest on specific new technologies

* To protect from competitors with strong policies on regulations

The question is: is it too late? I
— [ -
1

I I47
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Let’s talk about fundamantal research it

Do Scientists deal with CRMs from the very beginning of
their research?

Is it a real concern for researcher?




Scientists often forget CRMs' related issues i

Council

an example: Supercapacitors and Ruthenium

L O

3D RuO; Microsupercapacitors with Remarkable Areal Energy :ast Charging: These New Supercapz

Batteries

Arals Ferrm, Sebasteen Garbarino, Danied Goay @ Dasd Pech 23

¥ [’::: Soplember 2015 ] hetpsstdal.orgs 10, 1002 edma 301 503054

) , - , Nanofeather ruthenium nitride electrodes for
arge areal capacitance electrodes made of ruthenium axide on highly porous gold current = |
collectors are realized by an attractive approach. The hybrid structure exhibits a capacitance in excess Electrﬂc‘hemica'l ':aplﬂcltﬂrs |~

ofI3F ".mr; and an areal energy censity for all-sold-state microsupercapacitors that is comparable to . L. Lt )
Dinh Khac, H., Whang, G., ladecola, A. et al. Nanofeather ruthenium nitride
electrodes for electrochemical capacitors. Nat. Mater. 23, 670-679((2024). -
https://doi.org/10.1038/s41563-024-01816-

Graphical Abstract

those of microbatteries.

3 ..j‘.Lﬁ' Energy Storage Materials
/|
A, 1] volume 43, féovember 2021.|Poges 155267

Ultra-high areal capacitance and high
rate capability RuO; thin film
electrodes for 3D micro-
supercapacitors

Bouchro Asboni ® °, Goetan Buvat ® °, jeremy Frelcos ® %%, Maorkelle Huwé &,
Dovid Troadec ®, Pascal Boussed ®, Thierry Browsse ®° 8, &

Christophe Lethien ® == & &




Scientists often forget CRMs’ related issues
an example: Supercapacitors and Ruthenium
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EU Critical Raw Materials Act W Transition W Akalimetals W Nonmetal
Critical Raw Materials Marked with Color atss & Metalloid W Actinide
s L B Ak : B Metals M Lanthanide W@ Noble gas
trategic Raw Materia
€9 M Halogens W Alkaline earth
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Scientists often forget CRMs' related issues European

Innovation

an example: Spintronics Council

SPINTRONICS is the main candidate for Beyond CMOS technology

S. Andrieu et al, Phys. Rev. Materials (2018)

https://lightsources.org/2018/09/27/towards-oxide-

. _ . integrated-epitaxial-graphene-based-spin-orbitronics/
https://phys.org/news/2015-04-graphene-future-spintronic-devices.html

All the potential new devices are based on junctions exgloiting CDbaIt I

-

I51
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an example: Spintronics Council

Scientists often forget CRMs' related issues European

EU Critical Raw Materials Act W Transition W Akalimetals W Nonmetal
: metals i m ind
Critical Raw Materials Marked with Color . Metalioid Actinide
. . B Metals M Lanthanide M@ Noble gas
Strategic Raw Material B Halogens B Alksiine earth
metals
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CRM issues need to be taken into account from the very beginning

Developing new systems/devices
based on advanced materials

First question to be answered!!!

Do we have to deal with CRMs?
‘ This has to be an implied question to take into ﬁ
account from the very beginning of the project
! very beginiing — =
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Takeaway messages

* The researchers’ mind-set has to change: CRMs issues have to be
pointed out from the early stage of the research. If not, the research
will lead to extremely costly devices with a strong dependence from
suppliers (Strategic autonomy).

* Alternative materials that can take the place of the CRMs (backup
solutions) have to be identified from the very beginning in
research.

oo (RN -
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* EIC presentation: what is our role?
* What are advanced materials? A definition
« CRM materials and the energetic transition: main points

 Energy storage for electric grid: a perspective on the different
technologies and the portfolio approach

* Market analysis
* Conclusions
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Context: The motivation for the challenge o I

Mechanical

Store energy thermally to release Store gravitational potential or
electricity and heat (e.g. sensible kinetic energy (e.g., PHS, gravity
heat, latent heat, electrochemical . based, CAES, LAES, Liquid CO, )
heat) ‘

©

Thermal

\ 7~
% - </ * o
,éﬁ .. -
@
| . ' !{ .l : 4
Chemical
Electrochemical Store energy in chemical

Batteries of different bonds (e.g., H,, power to
chemistries that store gas to power)
electrical potential energy

(e.g., air-metal, aqueous flow,
hybrid flow, metal anode,
static battery)

Mid-long-term energy storage can bridge the intermittency of
renewable energy sources (RES)
The challenge will implement this vision

56
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THE BASICS & THE GAPS Hong Puesion Energy Shoregs L D E S

Climate Innovation Factsheet Series #3/2023 for the Power System

THE CLEAN ELECTRICITY CHALLENGE: SOLAR AND WIND FLUCTUATE

Electricity generation is responsible for Solar and wind energy are key to quickly Since solar and wind are intermittent,
over a quarter of global greenhouse gas decarbonizing the power system. this results in an increasing mismatch
emissions. Global electricity generation under a net-zero scenano between Supply and demand.

Global emissions (Gt CO,,./year) {thousand TWh/year) Projected generation in a developed economy* (GW)

Solar

Shortage

*Exampile of luctuahions Shown Over One wWees

See our website for fluctuations shown over one your



Classification for energy storage o -
Mid Long Term Energy Storage MDLES

Short duration I inter-day LDES Multi-day / week LDES Seasonal Shifting

Duration of

. 0-4 hours 10-36 hours 36-160 hours 160+ hours
dispatch
- Batteries - Most mechanical - Many thermal
Storage - Flywheels technologies technologies - Chemical storage (e.g.,
technologies - Some mechanical - Some electrochemical - Many electrochemical hydrogen)

technologies technologies technologies

- Inter-day energy shifting

- Intra-day energy shifting - Shifting energy over

Primary . (e.g., one pointinadayto - Resilience for extended
(e.g., day to night) ‘ months (e.g., summer to
end-use ‘ another point the next shortfall of power ‘
- Frequency regulation winter)

day)
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Portfolio Composition (Pathfinder challenge)

Project _____________________|Start/enddate |lnput ________

PUSH-CCC Large-scale energy storage via optimized
combined cycle CAES

SULPHURREAL Ssolid sulphur chemical looping with
high T solar heat input for long

AELECTRA Mid- to long-term storage of electrical
energy via ammonia

HIPERZAB Electrically rechargeable zinc-air

ReZilient Redox-mediated hybrid zinc-air flow
Batteries

VanillaFlow Artificial Intelligence Guided
Development of Vanillin-based Flow

MeBattery Mediated Biphasic Battery

M-TES Metallic phase change material composites for
Thermal Energy

Muspell Medium to long duration thermal energy
storage with embedded heat pumping capability

01/10/2023

30/09/2027
01/10/2023

30/09/2026
01/10/2023

30/09/2027
01/10/2023

30/09/2027
01/10/2023

30/09/2027
01/09/2023

31/08/2026
01/05/2022

30/04/2025
01/10/2023

30/09/2026
01/10/2023

30/09/2027

Electricity

Heat

Electricity, Water,
atmospheric air

Electricity

Electricity

Electricity, vanillin

Electricity

Heat

Heat, Electricity

European _
innovation
Electricity

Energy carrier,

electricity
Energy

carriers (ammonia)
Electricity

Electricity
Electricity
Electricity
Heat

Heat, Electricity
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Portfolio Composition (Pathfinder challenge)

Project ___________|Start/enddate [Input

innovation

PUSH-CCC Large-scale energy storage via optimized Electricity Electricity

combined cycle CAES 30/09/2027

SULPHURREAL 5olid sulphur chemical looping with ~ 01/10/2023 Ha N G TE RM E riﬁAG E

high T solar heat input for long 30/09/2026 L et

AELECTRA Mid- to long-term storage of electrical 01/10/2023 Electricity, Water,

energy via ammonia 30/09/2027 atmospheric air

HIPERZAB Electrically rechargeable zinc-air 01/10/2023 Electricity Electricity
30/09/2027

ReZilient Redox-mediated hybrid zinc-air flow 01/10/2023 Electricity Electricity

Batteries 30/09/2027

VanillaFlow Artificial Intelligence Guided 01/09/2023 Electricity, vanillin Electricity

Development of Vanillin-based Flow 31/08/2026

MeBattery Mediated Biphasic Battery Ul/0o/2022 Electricity Electricity
30/04/2025

M-TES Metallic phase change material composites for ~ 01/10/2023 Heat Heat

Thermal Energy 30/09/2026

Muspell Medium to long duration thermal energy 01/10/2023 Heat, Electricity Heat, Electricity

storage with embedded heat pumping capability 30/09/2027
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BPSSd RIEGOSUR, S.A, Spain

Pushing the limits of large-scale energy storage opti
cycle CAES

PUSH-CCC aims to solve the key existing limits of large- ey

scale Compressed Air Energy Storage (CAES)
Energy can be stored for months.

Eu rreal DLR Germany _-__

An innovative thermochemical cycle based on
term storage of solar thermal energy

PO °

Direct conversion of solar energy into chemicals storable for

a virtually unlimited time, via an integrated solar-aided st

thermochemical cycle.

(@ Aarhus University, Denmark

A new Electrochemical concept for Mid- to Long-term storage of

EleCTrical energy in green liquid Ammonia

Ammonia as energy carrier can transport stored electrical energy ,

in a “safe and cost competitive way” and will be a key enabler for a 0&’
fully decarbonized energy system.

mized combined innovation

| soiulr n

«0,t

SO,+H,0

European

ALLECTRA Sechnoiogy

-------

i
LR IS IO

IFUELTECH AANSSEO
}
3
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B2 RIEGOSUR, S.A, Spain N

Pushing the limits of large-scale energy storage optimized combined cycle CAES Innovation
PUSH-CCC aims to solve the key existing limits of large-scale Compressed Air Energy Storagct‘emc'l
(CAES) scalability, replicability, efficiency, and energy density
Main Breakthrough
-To perform energy storage through compressing air and capturing CO2 at the same time.
-To capture 10 kTn of CO2/year for a standard 500 MW plant (efficiency at 80% for each cycle).
- Storage for weeks

-Potential recuperation of the heat related to compressed air is targeted too.
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Gotland Island
Sweden
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rreal DLR Germany

An innovative thermochemical cycle based on solid sulphur for

integrated long-term storage of solar thermal energy

) Main Breakthrough

The valuable outcome of this Solid-
Sulphur (SoSu) cycle is not a chemical
product, but the high-quality sulphur-
combustion heat at temperatures in
excess of 1200 °C, suitable for
combustion in gas turbines and
allowing hence efficient combined
cycle power generation.

European
Innovation
Council

+ 0. T
5302 +H,0
Reaction Temperature [“‘C] \ / \ 'l
;g ged la  3H:SO4(aq) — 3H:0(g) + 3S0s(g) 450 — 500 Sulwlc Acid Sulfur
Sulphuric acid splitting Ib  3SOs(g) — 3/2 0, (g) + 3S0:(g) /650 — 10Q0 Decomposition Dlspropodlondbn Combustion
Disproportionation 2 3S0s(g) + 2H,0(1) — 2H:S04(aq) #8(s) 50 — 200 H:50, / \ = /
Sulphur combustion 3 S(I)+ Osg) — SO:(g) 500 — 150 .
Contactprocess 4 SOxg)+1/2 02 (g) — SO
~Absorption 5 SO@ +H:O(g) »H3Giaq) \ "\4

Sulphuric acid decomposition (SAD) Sulphur trioxide splitting (STS)
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Portfolio Composition (Pathfinder challenge)

Project _____________________|Start/enddate |lnput ________

innovation

PUSH-CCC Large-scale energy storage via optimized ~ 01/10/2023 Electricity Electricity

combined cycle CAES 30/09/2027

SULPHURREAL 5olid sulphur chemical looping with ~ 01/10/2023 Heat Energy carrier,

high T solar heat input for long 30/09/2026 electricity

AELECTRA Mid- to long-term storage of electrical 01/10/2023 Electricity, Water, Energy

energy via ammonia 30/09/2027 atmospheric air carriers (ammonia)

HIPERZAB Electrically rechargeable zinc-air battery ~ 01/10/2023 Electricity Electricity
30/09/2027

ReZilient Redox-mediated hybrid zinc-air flow 01/10/2023 Electricity Electricity

Batteries 30/09/2027

VanillaFlow Artificial Intelligence Guided 01/09/2023 M BW—I@ER fﬁ'ﬁ/A

Development of Vanillin-based Flow batteries 31/08/2026 T M S G E

MeBattery Mediated Biphasic Battery 01/05/2022 Electricity Electricity
30/04/2025

M-TES Metallic phase change material composites for ~ 01/10/2023 Heat Heat

Thermal Energy 30/09/2026

Muspell Medium to long duration thermal energy WLz Heat, Electricity Heat, Electricity

storage with embedded heat pumping capability 30/09/2027
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FLOW BATTERIES

10 314968924
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Larger Tanks
Larger energy stored

The energy is stored in the tanks and
the power in the electrodes

66
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Redox-mediated hybrid zinc-air flow batteries for more resilient Council
integrated power systems S

enhanced charge transfer processes and eliminating the electroplati@aocess to improve
battery lifetime. —pd, 44

RefBiliont g rer Energi AS, Norway curopear -

2 -
be T e [
- -

1 0OW TU Graz Austria .

Artificial Intelligence Guided Development of Vanillin-based FIo%batteries
Production of sustainable Redox couple, via novel biotechnological processes.
New sustainable membranes based on non-toxic and recyclable materials. S

Objective | -
Engineered yeast
for production of
precursors for
battery materials

Merntr e

rested 1 ree
P 5Cwen
N OA )

Molasse

@Mesat[ery UBU - Universidad de Burgos

High performing electrically rechargeable zinc-air batteries for

sustainable mid-term energy storage

Immiscible liquids, carrying “redox mediators”, eliminating the 00
possibility of crossover.



https://www.mebattery-project.eu/team/ubu

Portfolio Composition (Pathfinder challenge)

Project _____________________|Start/enddate |lnput ________

PUSH-CCC Large-scale energy storage via optimized
combined cycle CAES

SULPHURREAL Ssolid sulphur chemical looping with
high T solar heat input for long

AELECTRA Mid- to long-term storage of electrical
energy via ammonia

HIPERZAB Electrically rechargeable zinc-air battery

ReZilient Redox-mediated hybrid zinc-air flow
Batteries

VanillaFlow Artificial Intelligence Guided
Development of Vanillin-based Flow

MeBattery Mediated Biphasic Battery

M-TES Metallic phase change material composites for
Thermal Energy

Muspell Medium to long duration thermal energy
storage with embedded heat pumping capability

01/10/2023

30/09/2027
01/10/2023

30/09/2026
01/10/2023

30/09/2027
01/10/2023

30/09/2027
01/10/2023

30/09/2027
01/09/2023

31/08/2026
01/05/2022

30/04/2025
01/10/2023

30/09/2026
01/10/2023

30/09/2027

Electricity

Heat

Electricity, Water,
atmospheric air

Electricity

Electricity

Electricity, vanillin

Electricity

Heat

MIR.JERIV STORAGE,

European -
Innovation
Electricity

Energy carrier,

electricity
Energy

carriers (ammonia)
Electricity

Electricity

Electricity

Electricity

Heat




O'TE | Politecnico di Milano, Italy

Metallic phase change material-composites for Thermal Energy 'Egigfol -
management
) M-TES aims to ad-hoc design, produce, test and deliver in form of self-encapsulated
granules, form-stable metallic Phase Change Materials (m- . As PCMs, a particular class of

alloys will be considered: immiscible alloys, also known as I\/I& y Gap Alloys (MGAS).

Main Breakthrough O‘

;he main breakthrough is the possibility to
achieve encapsulated m-PCM :
to isolate the granulate from

ihe external  environment avoiding
environmental interaction through Ieakage&

to preserve the energy stomgd
during the phase-change and n&e
through composition the the lease
to the vector fluid

Heat storage: Heat release: Self-encapsulated (Al-Si-X)Sn granule
ctive phase melting active phase solidification Structure of cross section

High |umb

Medium

Low

Active phase content
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Other projects in the thematic area: Py -
Thermal Storage

Council

AMADEUS - Next GenerAtion MateriAls and Solid State DevicEs for Ultra High
Temperature Energy Storage and Conversion
FET Open 01/01/2017-31/12/2019

NATHALIE - New markets technological positioning for ultra-high temperature

latent heat energy storage

FET Open 01/09/2020-28/02/2022
THERMOBAT - A high-performance thermophotovoltaic battery for storing
excess renewable energy

EIC Transistion 01/06/2022-31/05/2026 THER o BAT

70
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THERMO @JBAT — e
L ] : OE MADRID i
L POUTECNICA Council

UNIVERSIOAD

A high-performance thermophotovoltaic battery for storing excess renewawvie energy

Electric Power output = 1 kW,
Thermal power output = 4 kW,,
Heat loss = 0.5 kW,,

Self-discharge time = 200 hours

Energy capacity = 100 kWh ‘N

Discharge time @ max. pow. = 18 hours

TPV generator

Crucible
PCM

Heating elements

8 Thermal insulation

/
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* High Capacity * Cost Efficient * Durable

* up to 85% is made from upcycled materials such as steel slag
 tested for 15,000 cycles with no degradation discovered. This is
50% longer than the maximum of battery storages

* Kraftblock material has a lifetime of over 40 years.
materiais S0IUTIONS rip-etmciency
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VRAFT Clean steam from electricity and TES can be cheaper than  ©apex “F;'-DE ..f.‘,’é?,ﬁﬁgﬂ -
BLOCK conventional gas boilers and other low-carbon solutions 'I'“”‘l -Fr“” o .‘Fw‘"“"’”‘ Council
W Other costs®
Levelized cost of heat (steam)' W Storage
USD/MWh, 2022
Decarbonize ... adding ... replacing fuel source ... electnifying in combination with storage*
by ... ccs

65-100 70-100
atitive advantage

Gas boiller  Gas boiler  Hydrogen Biomass Electric boiler Heat pump® RSE=1la T T EETR T
with CCS boiler boler with Li-lon  with Li-ion with TES with TES
battery battery

1. Rangss reflect mprasendatve fosl prces. Gas (USD B-12mmBTLU), sleciricty (UISD 25-5S0MNWR), bemnass (LISD 200-3500). In th hyonogen boler cate.
ycrogen produchon Costs amount 10 USD 2. 1-3 2%y of hydmogen

2 Baoier, heal pump, and charging equpment.

3. Elecirolyzer, CCS.

4, ASSUMmes on-sile rencwaties

5. High-lemperahse indusirial heal pump. Maximam schisvable sieam lemperahse s ~180°C.

Clean steam generation with different technologies. Source: LDES Council/Roland
Berger/McKinsey & Company. 73
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Projects running

Cooperant Volt with Eneco and PepsiCo. Comet. Buhck.

Concentrated Solar Power (C5P)  Research & Development (RAD) Food, Baverages, Pharma  [nergy Suppler Glass & Cormmics  Waste Heat Ushzation Waste Heat Uszation  Energy Suppiier

Hall-A. Newcline. FlexKWK. Hercules.

Stoel Indusary  Waate Heat Utization Concentrated Sclar Power (CSP)  Ressarch & Development (RRD) District Heating  Blectricity Genaration Resascch & Developmant (RAD)  Renewable Erergy
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* EIC presentation: what is our role?
* What are advanced materials? A definition
« CRM materials and the energetic transition: main points

* Energy storage for electric grid: a perspective on the different
technologies

* Market analysis
* Conclusions
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Top 10 Investors in the field of Energy Storage Eropecn -

for electric grid in the World 2 pfnexus Choine)
era 9/10 are in Europe !!!
ENERGY«
RESOURCES

S/2 _/\\‘9/
RPGL 'BAL
255 GreshamHouse  [isates

Specialist investment




It is the right time to take the leadership in this field e -
or at less to be more competitive

PRESIDENT BIDEN’S BUILD BACK
SETTER AGENDA WILL ADVANCE ‘ENERGY
ENERGY STORAGE TECHNOLOGIES AND

SUPPORT THE GRID OF THE FUTURE

v Deliver clean, afforda

when and where it is U) DA I D

v Assure the flexibility of the evolving .
electric grid while minimizing

disruptions X V -

+  Build a clean energy economy and
reach net-zero emissions by 2050




Europegn
The context is extremely favorable " Counc -

Europe’s grid-scale energy storage capacity will expand 20-f0§®$031 (from
2.8GW/3.3GWh in 2022 to 45 GW/89 GWh in 2031). N\

RePowerEu plan to cut Europe energy dependency on Ru o gas well before 2030.
The proposed plan will double the share of variable re??ables in power
generation, passing 60% by 2030 and so the nece.ss&g f highly effective energy

storage for gl‘ld. Top 10 European grid-scale energy storage @kets; new capacity

2022 - 2031 (GWh) \O

25.68 United Kingdom

[aly
Germany
Spain
Francg
Irelamnd

Hetherlands




Regulations barrier to unlock the EU potential el -

Council

There are policy obstacles that need to be addressed for energy storage to fully

realize its potential. In nearly all European countries, the three primary challenges for
grid-scale storage assets are:

« Outdated or absent definitions of energy storage have led to its classification as

both a consumer and a generator of electricity, resulting in double taxation or
unnecessary grid fees for importing and exporting power.

* Policies and requirements initially designed for traditional power sources can
limit access to flexibility and balancing markets, thereby restricting opportunities
for energy storage to optimize its value across Europe. =

* The absence of revenue-generation mechanisms to support the busir& cases
for energy storage acts as an additional constraint.
I e
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* EIC presentation: what is our role?
* What are advanced materials? A definition
« CRM materials and the energetic transition: main points

* Energy storage for electric grid: a perspective on the different
technologies

* Market analysis
* Conclusions




European
Innovation
Council

* Energy transition is a priority for Europe.

* To avoid loosing the leadership in new market, regulations need to
support the funding efforts. The other competitors do not play
the same game

* Mid-long term energy storage are a field of innovation for Europe
considering the emergency of Renewable Energy Sources (60% in
2030). We can be leader in this field if we learn from the
previous experiences.

* The Green Deal is an important tool but we have to keep the
direction. Patience is important and to go back will ngt bel

beneficial. The Green Deal has been approved in 2620, thaef hinese
started to fabricate massively electric car ten yeals before... I

Im




LAST WORDS movote

The research of tomorrow will be funded by the
innovation that we will be able to promote and
bring to concrete results with strong economic/societal
Impacts. Moreover, innovation is the only way to dress
the fight for competitiviness.

All the scientific community has to understand that the
Innovation is not In opposition to research but that™==
innovation can bring a strong added value th
research and this is also true for fundamental onet. —

I B K
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Thank you!

Paolo.bondavalli@ec.europa.eu

https://eic.ec.europa.eu
@EUeic

#EUeic — ]
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