FACING HIGH-TEMPERATURE CSP FOR ENERGY
APPLICATIONS
Exploring Challenges and Innovative Solutioris.
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CSP is a renewable energy technology that uses mirrors or
lenses to concentrate sunlight onto a small area. The
concentrated sunlight generates heat, which is then converted
into electricity through a heat engine or turbine.




Why High-temperature CSP
IS Important?

-Efficiency boost: Higher operating temperatures
lead to more efficient power cycles (e.qg.,
supercritical CO, cycles).

‘Industrial applications: Enables use in sectors like
process heating and hydrogen production, where
high temperatures are essential.

‘Decarbonization potential: CSP with thermal
storage can replace fossil fuels for continuous,
dispatchable energy generation



Challenges in High — Temperature
CSP Systems




Heat storage and transfer systems under extreme
conditions

Material limitations: thermal stability and durability

Efficiency trade-offs: balancing higher temperatures with
system performance

Integration challenges with current energy grids.
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Thanks for your attention!

https://www.sunson.eu/

https://pysolo.eu/

https://blazetec.eu/

https://www.abraytcspfuture.eu/

https://asterix-caesér.eu/
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ASTERIx-CAESar project

17 Partners 10 Countries 4 YearSocsseptzry 7.2 M€ Budget 6-7 TRL
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The project concept:
CSP-CAES innovative & adaptive power plant
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|« Off-peak low-price electricity is
used to drive a compression
train - compressed air is stored —
heat of compression is also stored

- Solar energy is captured through
the air-based CSP in the form of
e high-temperature heat (800°C)

Thermal Energy Storage units
consist of air-based thermocline
packed-bed storage technology
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The project concept:
CSP-CAES innovative & adaptive power plant
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The compressed air is used to
substitute the compression work
of the topping gas turbine

The project concept includes a
Heat Recovery system: Rankine
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Path of the project

Oct 2023 Jan 2025
Start Today
Thermodynamic Analysis: Grid Analysis: Testing of Advanced Developing of Optical
Evaluation of ASTERIx Electricity prices Open Volumetric Air Sensors and Al-based

concept Receiver tracking control
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Air-Brayton cycle
Concentrated Solar Power
future plants via redox
oxides based structured
thermochemical heat
exchangers/thermal boosters

CSP Sisterhood Community,

Webinar: “Facing High-Temperature CSP for Energy Applications”, January 30t", 2025

| DLR



ABraytCSPfuture partnership

ABr‘aytl(gsture

e Horizon Europe Call HORIZON-CL5-2021-D3-03: “Novel approaches to concentrated solar

power (CSP)”

e Funded by European Commission
e Requested contribution: 2,995,457.50 Mio. €

» Coordinated by DLR
* Duration: 48 months
(1/11/2022-30/10/2026)
* 10 partners from
Germany (3)
Spain (3)
Netherlands (2)
Greece (1)
Denmark (1)

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community

DLR (coordinator) (DE)
CERTH (EL)

UT (Un. of Twente) (NL)
CENER (ES)
TEKNIKER (ES)
FRAUNHOFER (DE)
DESTINUS (NL)
KRAFTBLOCK (DE)
LANDSON (DK)

COBRA (ES)

“Facing High-Temperature CSP for Energy Applications”, 30.01.2025
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ABraytCSRiuture

ABraytCSPfuture: Why ? Problem addressed

Current, state-of-the-art CSP plants apply Rankine steam cycles, hence their thermal-to-electric
conversion efficiencies range between 30 - 40%, an order unlikely to be sufficient to allow CSP to be
competitive in the future given the cost decrease pace of PVs.

80%
By increasing the maximum cycle temperature to 850- G ,/
1000°C efficiencies of =~ 53% would be achievable in an air -
Brayton/Rankine Combined Cycle giving CSP a unique
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Even for the lower-temperature sCO, Brayton cycle, the outlet
temperature of the receiver needs to be > 700°C. Not possible with o :-: |
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oils or molten salts; hence the issues of higher-efficiency gas r——
turbine cycles and storage media/HTFs are closely coupled N. Siegel et al., Energy Procedia 49, 1015-1023, (2014)
and should be tackled in conjunction.
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Such efficiencies are non-reachable by either PV systems or by
CSP plants operating with molten salts or thermal oils employed
as Heat Transfer Fluids (HTFs) and storage media.

Thermal Conversion Efficiency

Among the currently technologically mature CSP plants operation concepts, properly customized air solar

tower receivers, that can provide temperatures of 700-950 °C, represent a feasible solution for

pushing solar systems to enable integration with combined cycles. %
DLR

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025



INDUSTRIAL and SOLAR sensible heat storage and waste Egai®
heat recovery systems

Industrial sensible heat recovery from combustion flue gases:

* high temperature regenerative storage systems (Cowper) used with
blast furnaces: a firebrick-pattern storage medium with air channels,

« “charged” with hot combustion gases flowing through it

» “discharged” by blowing cold air through the charged (hot) brickwork;
heated air is coupled back to the combustion-driven industrial process

Same concept implemented in CSP air-operated plants: STJ.

w. " Receiver

. . -
D.C. Stack et al., Applied Energy 242, 782-796, (2019)

Hot A (650°C) RE-electricity to-heat-to-power

I I RE plants
Steam !

il

Saturstad grid
PR s o RO

3
Bonch @' anl L A
T — Heat
Storage

Retur\Air
M

[
-
)

Existing Power Block

https://www.kraftanlagen.com/en/solutions/energy/green-heat-

<y 3 ) Heliostat Field

module/
A "~
~ 8. Zunft et al., Journal of Solar Energy Engineering 133, 031019, (2011)
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C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025



What are the limitations?

Solar receivers and sensible-only storage systems cannot produce heat transfer fluid (HTF) streams of
temperatures higher than those of the streams coming into them (e.g. acquired in the solar receiver).

& To render such HTFs “working fluids” in a Brayton gas turbine cycle, their temperature has to be
raised somehow.

& This is possible only if the enthalpy of an exothermic chemical reaction is added to that of the
HT/working fluid stream (“thermal boosting”) (exactly the role of “traditional” fossil fuels burners).

U The concept proposed is to substitute this fossil fuels combustion with the “clean combustion” of
redox oxides, performing it as a “milder oxidation”: the reduced oxides are our “clean” fuels.

How ? Exploiting the thermal effects of reversible redox oxides reactions in direct contact with air:

MeOigizea * (Q1) I::ITattrq MeOegycea + 72 O, (9) (1) Q2 > Q1
I\/Ieoreduced + 1/2 O2 (g) + (N2 (g)) _am> Ivleooxidised + (N2 (g)) + (QZ) (2)

% If we make our “bricks” out of redox oxides capable of cyclic, reversible reduction/oxidation upon
heating/cooling under air, we can generate “extra” heat in the same volume and exploit it together
with sensible one, i.e. hybridize sensible with thermochemical heat storage (TCS).

& Furthermore: If we perform the oxidation with pressurized air we can shift the oxidation
reaction equilibrium to even higher temperatures: thermal “boosting”.

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025

i DLR



ABraytCSPfuture plant operation principle (1)

ABraytCSPiuture

Dual-bed heat exchanger/regenerator/ “thermal booster” made of redox oxide structured porous
ceramics, designed to transfer heat from a non-pressurized air stream to a pressurized one,
increasing in parallel the temperature of the pressurized stream to levels required for gas

turbine air-Brayton cycles.
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C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025
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ABraytCSPfuture plant operation principle (2)

ABraytCSRiUture
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ABraytCS ture

Materials aspects

O Important: low cost, non-toxic redox materials + high reaction enthalpy

0 Examples of redox TCS materials so far:
= Cobalt oxide: cyclability, reaction enthalpy, cost, potentially toxic
= (Mn,Fe),0;: cyclability, cost, non-toxic, reaction enthalpy

» MgMn,O,: cyclability, reaction enthalpy, high T, structural stability

edox’
= Perovskites: cyclability, low cost, non-toxic, broad temperature range - quasi-continuous redox
operation, reaction enthalpy ?

Thermochemical Energy Storage
Heat storage ABO, ; +0,2 ABO, + Heat
>
CaMnO,; <> CaMnO, 5 + 5/2 O, excese RE clecticty
Heat release/thermal boosting Lea ﬂ
« it
AHI'XI'I = f(a); T 6 9 T AHI’XI‘I Process heat, -

RE-electricity, out

T=750-1100°C #
C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025 DLR



ABraytCSPfuture Gantt chart

2023 | 2024 | 2025 | 2026
1

- Duratjon
ABraytCSPFuture Project Gantt-chart T o e T‘jm = T

Workpackage Descriptions 3|6|9|12|15|18|21|24|47 (30|33 36|39 |42 |45 |48

|WP1: Project coordination and management (DLR, all)

(1) Project management, coordination

'WP2: Redox oxide materials powder synthesis and application-specific evaluation (CERTH, DLR, IWKS)

(2) Redox oxide powder synthesis and evaluation

(3) Redox oxide-porous structures manufact. and testing | :

'WP4: Dual-bed prototype design and solar thermal power plant level system integration scenarios (TEKN, UoA, CENER, DLR, OPRA, COBRA) ! B

(4) Dual-bed prototype design & STPP integration

'WP5: Manufacture of proof-of-concept-scale pressurized dual-bed unit from optimized materials compositions and porous structures (LET, KB, DLR, CERTH)

(5) Proof-of-concept pressurized dual-bed manufacture s

M6

'WP6: Installation of complete prototype proof-of-concept dual bed unit on testing facility and in-service test operation (DLR, CERTH, CENER, TEKN, KB, LET)

(6) PoC unit installation/operation on testing facility , =5

'WP7: Environmental and socioeconomic sustainability and techno-economic assessment of proposed technology (IWKS, DLR, CENER, KB, LET, OPRA, COBRA)

(7) Environmental/socioeconomic sustainability, TEA

WP8: Knowledge and innovation n 1ent, dissemination and c ication (CENER, all) b el -.! :

M8

(8) Innovation, dissemination, communication

= Synthesis, i perati I Design, si i ion, LCA — isseminati itati M : PROJECT WIILESTONES

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025 DLR



ABraytCSPfuture

Perovskite porous structures already manufactured,
under ongoing testing

i e
ﬂw‘m“\“h -

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025




ABrayt@ture
Results so far: -

= Porous structured ceramics, namely honeycombs and reticulated porous ceramics (RPCs-“ceramic” foams), made
entirely out of CaMnO,;—based perovskite redox compositions were successfully prepared and tested.

» Several of these structures are sturdy and rigid enough to be subjected to a plethora of post-shaping tests relevant to
the targeted applications: hybrid sensible-TCS + thermal boosting (ongoing). In fact, honeycombs of specific
compositions and porous microstructure have extremely high mechanical strength.

» To the best of the partners’ knowledge this is the first time that a systematic production of such a variety of
structured redox perovskite ceramics of such dimensions has been accomplished.

» TCS-targeted experiments with CaMnO,;-based honeycombs and foams in in-house built test rigs demonstrated
the ability of such structures to store and release heat defined by the enthalpy of a reversible redox reaction.
Not only the heat stored during endothermic reduction was reversibly released during exothermic oxidation, but such
heat effects during exothermic oxidation could be clearly manifested as a measurable temperature rise of
both the specimen tested as well as of the air stream flowing through it. Temperature increase of the porous
solid from 140-200 °C and of the air stream of 75-140°C were recorded.

» To the best of the partners’ knowledge, this is the first time that the ability of a perovskite — or in general of a
redox oxide operating via partial reduction (oxygen vacancies) mechanism - to generate repeatable heat
effects manifested as sensible temperature rise of a working/heat transfer fluid upon cyclic redox operation
is demonstrated.

» The respective combined sensible/TCS storage density values range so far between 372 — 840 kWh/m3,
exceeding significantly that of state-of-the-art molten salts. #
DLR

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025



ABraytCSRiUture

Work ongoing !!

Website: https://www.abraytcspfuture.eu/
Twitter/X: https://twitter.com/ABraytCSPfuture
LinkedIn : https://www.linkedin.com/company/abraytcspfuture-project/ 0 9

Thank you for your attention !!! Questions ? i.j

C. Agrafiotis, DLR, Webinar: CSP Sisterhood Community “Facing High-Temperature CSP for Energy Applications”, 30.01.2025 i DLR



Facing high-temperature CSP for energy applications

SUNSON project

Esther Lopez and Alejandro Datas
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30th January 2025, Online
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Global Perspective

Rise of solar and wind electricity

Renewables generation

~ SUN@SsON
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~ SUN@SsON

Global Perspective

Storage duration / cost requirements

Maximum Maximum
i storage
required 140 1000 'tgl ;
storage Capital Cos
duration (€/kWh)
(hours) 100 | L-ion batteries 100

Long-duration
10 | Thermal, hydro, compressed air, ... 10

0 20 40 60 80 100

Annual Electricity from Solar and Wind on regional Grid (%)



Overview of the SUNSON project ‘ SUN ®5°N

Solar-to-Heat-to-Power Storage:
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Solar to Heat conversion SUN @ SON

Modelling, design and fabrication of CSP optics
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Thermal storage

SUN (@) SON

Development and characterization of PCMs

137 chemical compositions
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diameter of the vias [um]

Heat to Power Conversion

Design and fabrication of MT-TPV cells and modules

SUN (@ SON

MWT-TPV cells Thin film TPV cells

Max Power: T=1873 K, Insulation radius = 12.0 um
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Flagship demonstration - SUN @®son

Design, engineering and fabrication of the demonstrator

11 SUNSON-BOX

Test Platform Floor




@ Flagship demonstration ‘ SUN @ soN

Operational modes
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SUN@SQN

Thank you for your time and attention! f i L
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Funded by the European Union. Views and opinions expressed are however those of-the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority can
be held responsible for them. SUNSON project has received fundlng from Horizon Europe Research and Innovation
programme under Grant Agreement n°® 101083827 ”



SUN (@ SON

Modelling and design of the PCM-TES system
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@ POLITECNICO GeQS
MILANO 1863 Group of Energy

COnversion Systems
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PYSOLO:
Pyrolysis of biomass by concetrated Solar Power

Marco Binotti, Politecnico di Milano, 30-01-25

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union - Funded by
the European Union

or the European Climate, Infrastructure and Environment Executive Agency. Neither the European Union nor the granting authority can be held responsible for them.
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PYSOLO

QOutline

« The PYSOLO project

« Conventional pyrolysis

* The pysolo concept

» Pysolo concept and experimental activity
- Status at M18: experimental activity

- Status at M18: simulation activity




zx— The PYSOLO Project

PYSOL

Title: PYrolysis of biomass by concentrated SOLar pOwer

Scope: PYSOLO will integrate CSP technology and biomass pyrolysis in an innovative and very flexible
concept at TRL4 able to produce increased amount of high value bio-products (bio-oil and bio-char)
compared to existing technologies and able to efficiently use renewable heat and electricity from variable
renewable energies

Funding mechanism: HORIZON Research and Innovation Actions E
Budget: 4.9 M€
Starting date: July 2023

¢ Deutsches Zentrum
DLR fiir Luft- und Raumfahrt
EX German Aerospace Center
REPUBLIQUE

Lol INERIS

Duration: 4 years 2, e |

{5y POLITECNICO
SR MILANO 1863

Coordinator: Politecnico di Milano

Consortium: 9 partners, 4 countries “CSIC

CTFC =

www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025



PYSOL

zx— Conventional Pyrolysis

Biomass Pyrolysis is a thermal degradation induced by supplying heat (250-700°C) in inert environment

The pyrolysis products are: bio-oil, pyro-gas and char

The heat required for the reaction is usually provided by burning a fraction of the pyrolysis products
(pyro-gas/char): this represents an economic and environmentally inefficient step as it involves the loss of
high value biogenic carbon emitted as CO,, causing the reduction of the carbon efficiency and of the overall

yield of bio-products

4 CO; Gases
Biomass Orvin Fast Solid Bio-oil | Bio-oil
- ying Pyrolysis separation recovery '
A
Sand Char +
: sand
 Fluegases  —] Combustion Gases

www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025



7 The PYSOLO Concept

PYSOL

Heat for pyrolysis is provided by solid particles (e.q. sand, bauxite) heated in a rotary kiln solar receiver

Excess thermal power can be stored in a hot particle storage to run the pyrolyzer for more hours

Low cost excess renewable EE could be used to heat up the particles with extra advantages

If high EE costs are expected gas and bio-oil might be burnt in an Internal Combustion Engine to

produce EE

Solar
particle
receiver

Cold
storage

Pyro-gas

biochar PHC-Char
separator

www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025

Bio-oil

Biochar

Lol h Oil condenser
Pyrolysis
reactor
g ) PHC+

£id

to market
or
to refinery



PYSOLO

4 different PHC will be selected for the experimental activity in the pyrolyzers

PYSOLO concept and experimental activity

Both stand-alone plants and plants integrated with a bio-refinery will be investigated

Key components will be tested at TRL4: 2 pyrolyzers, the rotary kiln receiver, the PHC/char

separator and the electric heating

SolarRec rotary kiln

Solar

Electric |, _
heating

Y

particle
receiver

storage

+
Py
Gas
holder
Cold ~
storage Pyrogas

|

Renewable

Electricity

Power
generation o
unit
—|Pyro-gas >
.— Bio-oil >

/ 7/ /! \\ i
s e ==\ & . ol Pyrolysis / W Oil condenser
) SR = -~ - reactor
Auger Pyrolyzer Fludized Bed L J PHC+
biochar PHC-Char
@ RE'CORD Pyrolyzer separator

www.pysolo.eu

(#)RE-CORD

Marco Binotti, Politecnico di Milano, 30-01-2025
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s Status at M18: Experimental Activity

PYS’O LO

100

Experimental characterization of the optical, mechanical, thermal and
chemical properties of biochar and of 5 particle heat carriers (bauxite,
sand, MgO, SiC, Olivine) assessed at DLR [1]

9 r Bauxite

SiC
Sand

)

98 -
Olivine
MgO
Temperature

Mass loss (%

96 -

95

Time (min)

CSIC FB reactor REC AUGER reactor

@as Biomass flowrate: 3 kg/h Biomass flowrate: 3 kg/h

R Operating T: up to 500-700°C Operating T: up to 600°C

[1] J. P. Rincon Duarte et al., Solar absorptance measurements of particle heat carriers in a solar driven biomass process, to be presented at ASME ES2025
www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025
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s Status at M18: Simulation Activity

PYS’O LO

Fluidized Bed PHC/Char separator designed, theoretical separation efficiency assessed [2]

Selection of pine wood as biomass for testing activity and theoretical assessment of the biomass
potential in Italy, Greece and Spain

Minimum Fluidization Velocity {U_mf) across Diameters . 8 Biomass (¥/ha)

0
N 1-100
I 101 - 200
> [ 201 - 300
¥ [1301-400

0 75 150 km
—_—

Coordinate Reference System
EPSG:4326 - WGS 84

Minimum Fluidization Velocity (m/s)
- w w - o ®

Developed improved pyrolysis models at molecular and e
reactor scales that consider fluid dynamics and varying T
product compositions. The model can be integrated in Aspen

Plus [3]

5 L P L
40 50 60 70 80
Carbon [wt%)]

[2] Prussi, M., Danesh, P., Laveneziana, L., & Chiaramonti, D., A fluidized bed separator for biochar — PYSOLO project. EUBCE 2024, Marseille, France. https://doi.org/10.5281/zenodo.14264857
[3] Muhammad Ahsan Amjed, Solar Driven Biomass Pyrolysis for High Efficiency Biofuel Production, PhD thesis, Politecnico di Milano

www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025
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zx— Status at M18: Simulation Activity

PYSOLO

Preliminary evaluation of the solar field and rotary kiln receiver design and optical-thermal
performance assessment [4]

Definition of plant KPI's, overall system analysis and comparison of conventional, solar only and
hybrid modes operation considering falling particle receiver [3, 5] and rotary kiln receiver [4]

Annual Performance Conventional mar Hybrid
‘E‘f“f:‘c‘:::li;‘[""]r Thermal : 0.551 | 0.549
Carbon Efficiency [-] 0.743 0.903 0.844
ETO net 0 -24.64 | -18.89
MFSP[€/GJ,, ] 28.85 25.71 21.36

ETO _ 7hchar,i *Yc¢,char * 44/12 &= ZiT.hPTOd.i'yC,PTOd.i
net — — Ollt Mpiom'YC,biom
30
Pby—prod X My—prod,y- + MFSP X Moil,y- - T] - COP,VAR,j - COP,FIX,j - Lj
NPV = —TCI + ! ; =0

= (1+ )

[3] Muhammad Ahsan Amjed, Solar Driven Biomass Pyrolysis for High Efficiency Biofuel Production, PhD thesis, Politecnico di Milano
[4] M.A.Amjed, M.Colombi, et al. Solar-driven Biomass Pyrolysis Plant for Negative-Emission Biofuels Production, Proceedings of SolarPACES 2024, Rome, Italy
[5] M.A.Amjed, F.Sobic, M.Romano, T.Faravelli and M.Binotti, Techno-economic analysis of a solar-driven biomass pyrolysis plant for bio-oil and biochar production, Sustainable Energy & Fuels 2024

www.pysolo.eu Marco Binotti, Politecnico di Milano, 30-01-2025
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Daniele M. Trucchi — danielemaria.trucchi@car. it

' STE ( GA n. 101160724

The Project

BREAKTHROUGHS IN THERMAL BATTERIES THROUGH ZERO-EMISSION
HIGH-TEMPERATURE STATIC THERMAL-TO-ELECTRIC CONVERTERS

Call: HORIZON-CL5-2023-D3-03-01

Increasing the efficiency of innovative static energy
conversion devices for electricity and heat/cold generation
Project budget: 3 M€

Project type: RIA

Project duration: 42 months

https://cordis.europa.eu/project/id/101160724

https://www.blazetec.eu

Increased potential for wider application of electricity and heat/cold static generators
due to increased efficiency of energy conversion devices using physical effects such as:

« Thermoelectric -> Thermoelectric Generators (TEG)
« Thermovoltaic -> Thermophotovoltaic Generators (TPV)
 Thermionic -> Thermionic Generators (TIG)

Specific Topic Conditions: Activities are expected to achieve TRL 5

BLAZETEC: Ultra-high Temperature Applications (1200 - 1600 °C)

Consiglio Nazionale

delle Ricerche

POLITECNICA

ttttttttttttttt gia Solar
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Solid-State Conversion technologies & Demonstrators -

Solar-to-heat-to-electricity Electricity-to-heat-to-electricity

Technology Sensible S Latent ) Tec™ e
Demonstration il Se e — ‘
thermal ] T thermal :
TRL4 — TRLS5 battery B == ‘ battery 2 ‘ H
’ -------------
Technology 1200 - 1600 °C 1200 - 1600 °C

Innovation on
hybrid devices
TRL3 > TRL4
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> 30 %
> 8 W/cm?
Jcm < Rgs

DEVELOPMENT

Technology
Innovation on

Process
=A==
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800 - 1000 °C 1200 - 1600 °C

Daniele M. Trucchi — danielemaria.trucchi@car. it
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PROTEAS - Platform for Research and Technological Applications in Solar Ener

Daniele M. Trucchi — danielemaria.trucchi@car. it

Area : 20,000 m?

|E Tae Cyrrus
INSTITUTE

RESEARCH+'TECHNOLOGY+*INNOVATION

« PROTEAS is located in Pentakomo,
near Governor’s Beach

« Inaugurated in 2015

E ’ »TEC

GA n. 101160724
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Daniele M. Trucchi — danielemaria.trucchi@car. it

Latent Heat Thermal Battery
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Open Challenges -

Dielectric MicroSpacers Encapsulation Technology
Consiglio [_\Joziono\e
o Vacuum sealing in UHV conditions, to guarantee the e
lowest possible leak from the ambience
« Vacuum compensation from components’ degassing ﬁ
with getter strips activated by high-temperature
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(X COOPERANT

Leading-edge cooperative advances ’
towards the next generation of
‘concentrated solar power (CSP) technology

Patricia ROYO (IDENER R&D, www.idener.ai)
30™ January 2025

Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,

i the European Union Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.




& COOPERANT

Background and Motivation

Concentrated Solar Power (CSP) technologies progress

EU solar generation reached a new all-time high of 246 TWh in 2023,

but still, CSP represents less than 1% of the electricity production share.

954 GW of installed CSP capacity by 2050

would mean 6.7 GW of added capacity per year in EU,
while at present only ~2.3 GW.

- ]
Current status not on EU Net Zero
track with climate scenario emissions
and energy COOPERANT introduces SliefEe by 2050

agendas disruptive innovations in CSP
to reach global climate goals

https://ember-energy.org/latest-insights/european-electricity-review-2024/data-tool-eu-electricity-source-trends/

Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,
Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect -

the European Union . - . . - -
those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.
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Title & COOPERANT

Limitations In CSP & Thermal storage

The next generation of CSP devices must overcome the current limitations

« Operation at T >600°C for supercritical steam Rankine cycles and T >750°C for
supercritical CO2 or Brayton cycles to reach higher cycle efficiencies (>42%).

« Current commercial “two tank molten salt” storage is limited to 565°C.

+ Reduction of costs for advanced materials and critical components in cycle
power blocks to withstand harsh conditions.

- Need for better system integration capabilities through digital tools
deployment.

- Scarce demonstration of novel CSP approaches and testing proficiency in \\j :/,
A N/
prototypes. CC R TO
1TSS IR
» Lack of consideration of human health and sustainability impacts. Sy W L
S\ Iy
N v
R =
S s
Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,

the European Union Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them. n
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& COOPERANT

COOPERANT concept

Contribution and Benefits

K R&D project “\"»

From TRL2-3 to TRL4-5

Round-trip Cost-effectiveness

efficiency COOPERANT proposes a revolutionary technological integration to unlock the
Savings of TES
i g potential of the 34 CSP generation to favour dispatchable RES generation. g

available SoA

1. Reaching high-temperature operation at approximately 1000°C by
coupling more efficient power cycles 3

* rd
ll £ 2.  Overcoming variability with a novel TES system to improve dispatchability [5
High-temperature ot seler energy. Modularity and
5 ; scalability
R 3. Upscaling feasibility in line with CSP roadmap supported by digitalisation to o arbacomrycessib
Hpteonoe ensure broader adoption. e A
{fk} 39 ® 00000 <&
I —o &R g
N : High energy
Customisation sust:i:aabSI:HFT density Flexibility Compactness
Cascade approach and " :
mat::-rials c?\l;sen fitting To achieve high com;i?r?gksvev:s/ig}z and HO;Z)rfzagzlLy;(;N“i!;kW 4'1‘3;:‘“;:?‘:;:;9;2:;:“
O requirements temperatures, has great latoiit storage
availability

Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,
the European Union Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect n

those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.



& COOPERANT

COOPERANT Innovations

COOPERANT CSP-TES

COOPERANT is at the forefront of advancing the next generation of concentrated solar power technologies by tackling

typical limitations of conventional CSP facilities, such as dispatchability, cost-effectiveness, and sustainability.

To achieve so, three differentiated initiatives will work synergistically:

prototype with three main features:

@ 1. COOPERANT CSP-TES: Development of a novel

High performance modules for
Open Volumetric Receivers with

. . . tailored latti t d
1) High-performance Open Volumetric Receivers functionel conthmos gradient
(OVR) for solar absorption and use of air as HTF.
RENEWABLE
H SOLAR SOURCE Modular approach
2) Thermal Energy Storage (TES): a hybrid packed
bed system combining sensible and latent heat
storage. > Efficient power
Air-TES TESéyF":?;A/er cycles:
. . . CO2, air Brayt
3) Development of high-temperature ceramic solid- PR
state mixtures and phase change materials \[\ \[\ \[\ Cascade approach
(molten salts and new metallic PCMs) that can Heliostat Field Solar Tower Hybrid Packed-bed
. Th IE
work at high temperatures (800-1300°C). Shorao Systen 15
High Temperatures
Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,

those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

the European Union Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect H



COOPERANT Innovations

COOPERANT Al-Tool

COOPERANT is at the forefront of advancing the next generation of concentrated solar power technologies by tackling

typical limitations of conventional CSP facilities, such as dispatchability, cost-effectiveness, and sustainability.

To achieve so, three differentiated initiatives will work synergistically:

Y COOPERANT AIFTOOL [ e U )
@ 2. COOPERANT-Al TOOL: monitor and control the * Flolistc Decision Support s L ‘
. . * » Cognition driven hybridisation governing eq.
N\ management of the TES coupled with the CSP generation. ‘ » User-friendly & Interoperable Tool : Outimeaton
« Sustainability & Circularity Al Data-driven b
Model output algorithms cI(J)nditions
It proposes advanced control based on: , results
. . . : r~-——-7 E’ _Overall 'f' o -TT-tec?hn;-;c-();pfm-ic-&‘:
a) Reinforced Deep Learning (rDL) technique to develop a . < = g | eomed B g sy |
. . . b o] o ] , — : :
Dlgltql TWIn (DT) : — 5 |T-5 ¥ 6 id— B E & E Individual E 8 E : .o"q'“ :
| :?*é‘,, 230 : 9 8 | components ! = ié_ 1 /\"‘/J 1
. . . . . . . — ~ ! L = ® | /Systems : = d
b) Multicriteria Design Optimization (MDO) to make |2 ° :dSE"L?ZdN’SfE"LTE‘E‘Jl 2t | @ | smaanawnat |
. . . o . - 88 “emmdmmmmgemm e = ‘ ! scenarios
informed decisions towards feasibility and replicability. | T g NG A 38 | Mmaterials L-f T !
3= J T
@ :}E ? EXPERIMENTAL DATA | o resuls
[a] L - S
i ! s e . EH i
1 ~—» y n g = ( TN e
Y 8 1?
| § . T S PNLY |
1 COOPERANT CSP-TES prototype =] Expert-human
I Newly developed materials characterisation Knowledge

Funded by COOPERANT project is funded by the European Union under the Grant Agreement N° 101172882. This work was supported by the Swiss State Secretariat for Education,
the European Union Research and Innovation (SERI) under contract N° 2400402. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or CINEA. Neither the European Union nor the granting authority can be held responsible for them.




COOPERANT Innovations

COOPERANT-Transfer

COOPERANT is at the forefront of advancing the next generation of concentrated solar power technologies by tackling

typical limitations of conventional CSP facilities, such as dispatchability, cost-effectiveness, and sustainability.

To achieve so, three differentiated initiatives will work synergistically:

3. COOPERANT-TRANSFER PACKAGE: CONSORTIUM
Project innovations:
* CSP-TES prototype

A transference program involving a multi-sector industrial ool

board for clustering, networking and synergetic actions. * TRANSFER PACK

Demo campaign

It includes the Dissemination, Exploitation, Communication
(DEC) and training material, Open Access publications, best
practices, factsheets, and a live lab demo

Increasing scientific, industry, policy and social acceptance.

Multi-sectorial industries
Co-creation approach
Definition of needs
Replicability analysis

SRB
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Title & COOPERANT

Consortium Interdisciplinary

Type of organisations: 4 SMEs (KB; HOLOSS; PCMP; ENGI), 1 private
RTO (IDE), 1 public organisation (CIEMAT) and 1 university (HSLU). 7

[ 4
N° Acronym Participant Organisation Name Type Country :
1 IDE IDENER Research & Development Agrupacion De Interés Econdmico (Coord)  RTO . s
2 KB KRAFTBLOCK GMBH SME ‘, e& PC M
3 HSLU  Fachhochschule Zentralschweiz - Hochschule Luzern HE -
4 CIEMAT  Centro de Investigaciones Energéticas, Medioambientales y Tecnoldgicas RTO
5 HOLOSS Holistic And Ontological Solutions For Sustainability, LDA. SME KMRAFT
6 PCMP  Phase Change Material Products LTD SME [ BLOCWK
7 ENGI ENGICER SA SME

COOPERANT team

The consortium of 7 partners
from b different countries

Lucerne University
H s LU of Applied Sciences
and Arts
= ) giGer

L

(Oidener.ai
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& COOPERANT

Stakeholder Replicability Board (SRB)

COOPERANT offers a unique opportunity to overcome the current

INndustrial involvement CSP-TES obstacles by acquiring knowledge and evidence in close
cooperation between the consortium and industrial partners.

NSrIR=

PROCESSES-PLANET RESEARCH ASSOCIATION

Ell Industrial partnership

® Identification of potential applications of COOPERANT
CSP-TES in the energy and industrial sectors.

® Provide specifications and requirements of the most Lonza

relevant identified processes.

Pharmaceutical industry

® Best practices and recommendations for further
implementation to achieve the technology scale-up.

® Increase the impact with international companies to
validate COOPERANT CSP-TES and AI-TOOL solutions.

®* Review and feedback on COOPERANT open reports
especially interesting for industrial partnerships and
policymakers.

&

®* Engagement through DEC and training actions, as key
target audience by COOPERANT-TRANSFER.

o o ' CSP key stakeholders’
* Participate in the Stakeholder events. Municipal district heating network
network with RES integration
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(X COOPERANT

want 10 know

MoYe?
N

patricia.royo@idener.ai = www.cooperant-project.eu

= info@cooperant-project.eu in| @cooperant-project
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