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SOCIETAL CHALLENGES - Secure, clean and efiicient

energy Prometeo is a European Horizon 2020
project that aims to design, construct and
Total cost . test an innovative prototype to produce

€2765 206,25 renewable hydrogen from solar power.

Discover the prototipe

Coordinated by
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Objectives

Develop a flexible and optimized system to convert solar
energy to hydrogen based on high temperature Solid Oxide
Electrolysis (SOE) coupled with an innovative Thermal
Energy Storage (TES)

Optimize the integration of the SOE at system level to cope
with intermittent heat and power sources and best valorize
inexpensive electricity (e.g. by PV or wind)

TES will optimize the use of intermittent solar heat in
hydrogen production, ensuring steam supply to the SOE
when low-cost electricity is made available considering
three industrial applications as end-users.

Develop a fully-integrated system at the prototype level (25
kWe electrolyser with at least 15 kg/day hydrogen
production capacity) combined with RES

Validate the technology in a relevant environment (TRL 5)

The system prototype will be modular, with the potentlal to
be replicated on the MWe industrial scale. "
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GREEN HYDROGEN FROM SUNSHINE

SOLID
POWER

SWITZERLAND
SME specialised in the
manufacture and
industrialization of Solid Oxide
Cells.

/7; \NextChem

Maire Tecnimont for Energy Transit

ITALY
Engineering company
dedicated to new technology
development in the field of
green chemistry and energy.

A/ \

ITALY
Large energy infrastructure
company. operating the
largest natural gas
transmission network and

O
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Basic components

cPrL

SWITZERLAND
University experienced in the
characterization and
modelling of electrolyzer
stacks.

Process integration

@i dea

energy

SPAIN
R&D center specialised in
high-temperature solar
concentration systems,
electrochemical and thermal

End users

/'_."\
capital
energy

SPAIN
Large renewable energy
projects promotion platform
focused on off/on shore wind
energy. biodiesel, PV and

14

FONDAZIONE
BRUNO KESSLER

ITALY
Research center specialised in
R&D support for the
construction of integrated
energy systems.

ENEN

i Aganay far Now Teshnolagios.
ie Economic Develcgment

ITALY
R&D organization specialised
in solar-TES technology
integrated with steam
generator, heat transfer fluids

f?; ‘ Stamicarbon

THE NETHERLANDS
Large company, leader in the
development of fertilizer
technology and in the supply
of services related to urea

Consortium

SOLIDpower will supply solid oxide electrolysers (SOE) and the thermo-
regulation system.

EPFL, FBK, ENEA, and IMDEA Energy will model the prototype and its
integration with the RES.

NextChem will support process integration of the SOE and prototyping

A key role in the project is also played by potential end-users that will steer
the R&D activities in PROMETEO to meet end-users’ applications:

= Snam will contribute for the injection of green hydrogen into the gas
grid.

= Capital Energy will provide input for the use of PROMETEO in chemical
storage of renewable electricity.

= Stamicarbon will support the use of green hydrogen in chemical
industries such as ammonia and fertilisers production.
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GREEN HYDROGEN FROM SUNSHINE

Keyv Performance Indicators (KPI) WP
. Unit Target
ID Definition related
Hours of SOE operation (with hydrogen production)
F-prod vs. total test hours
—— - - — % > 08% WP6
E Hours 1n which the SOE has been kept “hot™ = 6350°C
P (1.e. ready-to-start) vs. total hours
Hours in which the SOE has been dniven with heat o sy
Frtes directly discharged from the TES vs. total hours w0 =30% WE6
T-op Hours of expenmental validation runs of the hours = 1.000 br WP6
prototype
| Average H, production rate: tot. H, produced vs. tot.
R-av hours of experimental validation of the prototype kety/day | =5 keHy/day WP6
Maximmm measured instantaneous hydrogen , ]
R-max production rate at full-capacity kgHy/day | = 15 kgH,/day WPo6
Loss Measured ef_ﬁamcy production loss after 1,000 % = 12% WP6
hours operation
Power-to-hydrogen energy conversion efficiency of . .
%% - . ’ o > B5%
Efft% the heat- integrated SOE system (LHV basis) ? 8% WE6
| Power-to-hydrogen conversion efficiency of the heat- } / WP6
Eff-w integrated SOE system kKWhe/kgH, | < 39 kWhe/kg WP7
Sol.%% Solar-to-Hydrogen energy conversion efficiency: o/ - 10% WP6
“® | from global solar radiation to H, energy (LHV basis) 7 = WP7
Eff tes Heat-to-TES-to-Heat conversion efficiency of the o = 85% WP3
TES system on charge/discharge cycles w0 =870 WPo6
. Levelized Cost of Hydrogen for the medium-long . N
LCOH term (>2030) €/kgH, =2 €/kgH, WP7
. Cost of the Thermal Energy Storage system per KWh y _ . WP3
C-tes thermal capacity €/kWht <20 €KWh WP7
CAPEX (:.ap1tal investment of a fully-integrated multi-MW €kWe =300 £kWe WP7
SOE ready for connection to heat & power sources
0&M D&M costs of a f!.llly—mte orated 25 MWe SOE (not €/year <750 kE/year WP7
includmg electricity and water costs)

O
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Ambition: Cost reduction

R ——— LF 15%, SOEC cost 250 €/kW

3 ——— LF 23%, SOEC cost 250 €/kW

%" 2,5 —— LF 27%, SOEC cost 250 €/kW

= —— LF 37%, SOEC cost 250 €/kW

E 2 LF 63%, SOEC cost 250 €/kW
'%' ——— LF 100%, SOEC cost 250 €/kW

,'g L3 -~ — = LF 15%, SOEC cost 500 €/kW

:.'" 1 - = = LF 23%, SOEC cost 500 €/kW

— — = LF 27%, SOEC cost 500 €/kW

0,5 — — = LF 37%, SOEC cost 500 €/kW

LF 63%, SOEC cost 500 €/kW

0

- — — LF 100%, SOEC cost 500 €/kW
0 20 40

Electricity cost (€/MWhe)

Preliminary evaluation of the H, production cost vs. electricity cost, Load Factor (LF) and CAPEX of the electrolyzer (50
€/MWh Concentrating Solar heat cost assumed, incl. TES).

In PROMETEDO, the higher power-to-hydrogen efficiency of the
SOE technology will increase the hydrogen output per kWe
(compared with alkaline and PEM electrolysis), while the load
factor can be maintained high thanks to the integration with the
TES.
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iﬂ: prometeo Main technological challenges Vs PROMETEO solutions

Expected implications on system efficiency
and economics considering the production
of hydrogen

Performance and durability of SOE in a
relevant testing environment, given the
fluctuations of renewable energy sources

Dedicated solar steam generators from heat
storage and handling are necessary to
buffer the intermittent nature of solar heat
and avoid thermal cycling of the SOE in
variable operation

o Clean Hydrogen
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GREEN HYDROGEN FROM SUNSHINE

#1 - Design for end-users’ cases

Upstream requirements
Full

: . Response Availabili Reversibl
Operation modes Activacion : :
: time tytime e mode
Time
Full load operation . - Indefinite No
: Curtailment management <2 min <30s Indefinite No
Energy industry on-g rid
CAPITAL ENERGY, SPAIN
effolert o of renewatie snergy, PROMETED wl be Grid services < 5 min <30s 2 h Yes
designed for integration in the electricity grid by
using substations for buffzr;ng peaks of renewable B |ancin Of micro rids Chemical ener
energy. . a : )
off-grid J : 9 <30s <2s 15 min Yes
storage
Full load operation Curtailment management
)
Hour of the day — i ’ Hour of the dayﬁ ? “ ..::.:lI"CIean Hydrogen
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'ml‘s prometeo #1 - Design for end-users’ cases

Downstream requirements

Production of fertilizers / green c . .
/e Injection in natural gas grid

ammonia

Operation profile Continuous (24/7) Operation profile Continuous (24/7)
Temperature 38 °C Stream purity <2% H, in NG mixture
Pressure 10 barg Pressure 5-75 barg
Oxidizing agents, ] .

) <10 ppm Higher calorific value 34,95 —45,28 MJ/Sm3
concentration
Water, concentration 2 10 (% mol) Relative density 0,555-0,7
H, flowrate +5/-10 %

B'I E: Cle;arrll eHlydr;)gen
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‘% prometeo #2 - SOE stack

7 '* GREEN HYDROGEN FROM SUNSHINE

StackBox development

= A first version of the StackBox for the 25kWe stack has been
designed and manufactured.

= 5kWe stack has been delivered and tested by FBK

m 25kWe stack with StackBox delivered for EPFL and it is
planned to be characterized at EPFL in 2022

Features

High quality thermal insulation

Fus O = Flanged connections for gases

= High current connections

; = \oltage probes

Eﬁ = Thermocouples
lean Hydrogen

= (Connections tor pressure measurement (mIet/outIetﬁarmersh.p

EHEC | |
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5. & Prometeo #3 - Thermal storage

= Technical specification established by process flow diagrams (challenge #0):

5.5-6.0 kW (thermal) SG to supply steam with the following specs: 9.37 kg/h, 130.15 °C, approx. 1.05 bar
= Three technical option analyzed:

2-tanks evaluated too complex for the prototype scale (<10 kW thermal), although it might be an option for larger-scale SOE on
MWe scale (e.g. 430 kW thermal for 900 kg/day H2)

Phase change material, experimental tests in progress in ENEA to validate the system points out further development
Thermocline, validated by ENEA, optimization in progress

|
. '
I- 2-tanks system using a ternary low- -
freezing molten salt mixture

Phase Change Materials (PCM)
with solid/liquid salt

Single-tank thermocline with molten salt
S integrated heat exchangers

m l HTF @ 190°C

— Steam @ 150°C, 3 bar

e WatRr

TES integrated with HEX
lower part of the tank & Steam Generator
with MS @ 180°C

Madrid, May 20, 2022 10



& prometeo #3 - Thermal storage

Option 3 with thermocline: validated by
ENEA, optimization in progress (Task 3.2)

Charging
<®> EHEC i Clean Hydrogen

i Partnership
2022 Madrid, May 20, 2022 11
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& prometeo #3 - Thermal storage

Option 3 with thermocline: validated by
ENEA, optimization in progress (Task 3.2)

dr 1L
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Discharging
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& prometeo #3 - Thermal storage

Option 3 with thermocline: validated by
ENEA, optimization in progress (Task 3.2)

Currently testing is ongoing

B IE Clean Hydrogen
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X Prometeo (#0) - Process flow diagrams

' GREEN HYDROGEN FROM SUNSHINE

= Process flow diagrams (PFD) have

Arain PV solar Field
been mapped and selected for a > g
.. . B
preliminary study on the possible IEND mman’’
PROMETEO layout, based on energy e O . l < o o
. AR AR I ——n I
and mass balance in a steady state By e [t— D ) = A A
o . « Water /| & = & —T_J:Jj |
= The complexity and external power el | w0 oz

Hydrogen cy p)

required to ensure the self-thermal
balance condition of the system, as
well as the TES heat effort required,
have been identified as preliminary
KPls regarding the goodness of the
proposed layout.

STEAM GEN

HYDROGEN
Storage

= The pinch point analysis estimates that fr,;;{mzém
an external amount of power needed I’ j o /% i
for the thermal self-sustainability of S
the system equals 1.22 kW ' 1 L 4—

Clean Hydrogen
i Partnership
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X prometeo (#0) - Modelling and component sizing

' GREEN HYDROGEN FROM SUNSHINE
E 02,N2, H20  H2, H20
EH_anode % N2 %

IMDEA A Inlet »—o D—’?—w

Blower

©

System
Performance Sun o ©H-:out HEX_anode
EcosimPro } g i
Inlet_SF_1 } } OutletSF | Cold In H20 .
PROMETEQ 7 J _‘@_T EH_cathode
SCA_Trough_final_1 W n o HEX_cathode (!) Ho
Dynamic Sizing and wod g ‘
model SOE optimization EPFL
FBK DYMOLA OSMOSE §l1n
| [ 0_4
Electrical_evap -»
*O—— utlet_eva EH_H2
. Outlet_evap_1 X
— : o.—-'j H2_In
SF
Simulate the different options Thermocine_ENEA 1
of PFD with mass and energy
balance vs. the main KPIs of the «
prOject Evaporator_htf 1 4 Economizer Water Inlet
. SF -_j
L o
O

TES

See next presentation by Beatriz Herrero, Modelling and Performance Analysis of a SOE System Integrating PV, Concentrating Solar and

Thermal Energy Storage
<®> E'l& iy, Partnersnip -
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Thank you for your attention

ENEN cpital =3¢

Italian National Agency for New Technologies, e nergy

llnSt]tUt
=i (ea

energy

FONDAZIONE
BRUNO KESSLER

Energy and Sustainable Economic Development

7\ ¥ cPrL 1 \Nextchen A1\ stamicarbon

The project has received funding from the Fuel Cells and
Hydrogen 2 Joint Undertaking (JU) under Grant Agreement
n®101007194. The JU receives support from the European
Union's Horizon 2020 research and innovation programme,
Hydrogen Europe and Hydrogen Europe Research.




