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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 potential to 
be replicated on the MWe industrial scale.
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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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In PROMETEO, 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.

Preliminary evaluation of the H2 production cost vs. electricity cost, Load Factor (LF) and CAPEX of the electrolyzer (50 
€/MWh Concentrating Solar heat cost assumed, incl. TES).

Ambition: Cost reduction
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Main technological challenges Vs PROMETEO solutions

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

Thanks to the integration with the TES-SG system,
steam is smoothly supplied “on-demand” with 
required quality (150 °C) regardless the direct 

availability of solar radiation

Expected implications on system efficiency 
and economics considering the production 

of hydrogen

In PROMETEO, besides an experimental proof-of 
concept, a specific Work Package (WP7) will be

implemented by industrial end-users to evaluate 
system performances from a techno-economic 
perspective and considering up-scaling issues.

Performance and durability of SOE in a
relevant testing environment, given the

fluctuations of renewable energy sources

Durability tests will be performed at the laboratory 
level for at least 1,000 hours under representative 

conditions, including thermal cycling. Operation 
range and performance assessment carried out in 

specific laboratory tests and with a prototype

Madrid, May 20, 2022 6



Operation modes

Full 

Activacion 

Time

Response 

time

Availabili

ty time

Reversibl

e mode

on-grid

Full load operation - - Indefinite No

Curtailment management < 2 min < 30 s Indefinite No

Grid services < 5 min < 30 s 2 h Yes

off-grid
Balancing of microgrids, chemical energy 

storage
< 30 s < 2 s 15 min Yes

Upstream requirements

#1 - Design for end-users’ cases
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Operation profile Continuous (24/7)

Stream purity < 2% H2 in NG mixture

Pressure 5 - 75 barg

Higher calorific value 34,95 – 45,28 MJ/Sm3

Relative density 0,555 – 0,7

Downstream requirements

Production of fertilizers / green 
ammonia

Injection in natural gas grid

#1 – Design for end-users’ cases

Operation profile Continuous (24/7)

Temperature 38 °C

Pressure 10 barg

Oxidizing agents, 

concentration
≤10 ppm

Water, concentration 2 10-5 (% mol)

H2 flowrate +5/-10 %
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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

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

Features

▪ High quality thermal insulation

▪ Flanged connections for gases

▪ High current connections

▪ Voltage probes

▪ Thermocouples

▪ Connections for pressure measurement (inlet/outlet)

#2 - SOE stack
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▪ 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

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

#3 - Thermal storage

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

#3 – Thermal storage

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

Currently testing is ongoing

#3 - Thermal storage
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▪ Process flow diagrams (PFD) have

been mapped and selected for a

preliminary study on the possible

PROMETEO layout, based on energy

and mass balance in a steady state

▪ The complexity and external power

required to ensure the self-thermal

balance condition of the system, as

well as the TES heat effort required,

have been identified as preliminary

KPIs regarding the goodness of the

proposed layout.

▪ The pinch point analysis estimates that

an external amount of power needed

for the thermal self-sustainability of

the system equals 1.22 kW

(#0) - Process flow diagrams
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Simulate the different options 
of PFD with mass and energy 

balance vs. the main KPIs of the 
project. 

(#0) - Modelling and component sizing

See next presentation by Beatriz Herrero, Modelling and Performance Analysis of a SOE System Integrating PV, Concentrating Solar and 
Thermal Energy Storage
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Thank you for your attention


