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the origins of PROMETEO

PROMETEO  “Hydrogen PROduction by MEans of solar heat and power in high TEmperature Solid 
Oxide Electrolysers” (2021-2024)

EU Grant Agreement n. 101007194

Research & Innovation Action (RIA)

co-funded by the European Clean Hydrogen Partnership 

total budget 2,765,206 €

call reference: H2020-JTI-FCH-2020-1 

topic:  FCH-02-2-2020 – “Highly efficient hydrogen production using solid oxide electrolysis 
integrated with renewable heat and power”

Rome, 8 February 2024
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Concepts & Objectives

prototype’s maximum rate ≥ 15 kgH2/day = 7 Nm3/h 

LCOH ≤ 2 €/kgH2    (after 2030)

≥ 1,000 hours operation of the prototype

Power-to-H2 efficiency (LHV): <39 kWhe/kgH2, i.e. ≥ 85%

Solar-to-H2 efficiency (LHV) ≥ 10%

Rome, 8 February 2024

Fully-equipped SOEC system powered with solar energy
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Introduction to the project 
PROMETEO

Rome, 8 February 2024
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Step 2: Analysis of end-users’ 
cases 



PROMETEO is a “product oriented” project… 
 so we started from end-users’ requirements

• curtailment mgt
• grid services
• seasonal storage
• on-grid & off-grid

• 24/7 operation
• +5/-10 % flow rate
• H2 purity control

• power-to-gas appl.
• H2/NG blends
• control H2 properties 

Rome, 8 February 2024

Step 2: Analysis of end-users’ 
cases 
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Step 3: Flow-sheeting & system 
modelling

Rome, 8 February 2024



PROMETEO project presentation, 21 July 2022

Liquid water (100%H2O)

Air (75.6%N2, 24.4%O2)
Air+O2 (62.4%N2, 37.6%O2)
Steam (100%H2O)

H2O+H2 (98.8%H2O, 1.2%H2)

H2 (100%H2)
H2+H2O (76.7%H2O, 23.33%H2)

HTF (Therminol-VP1)

Compositions w/w

PV electricity

16.4 kg/day of H2

Modelling and analysis of the integrated system PFDComponents of SOE Unit Value 
EcosimPro

SOE full power kW 25
Voltage at full power 

(thermoneutral condition) V 1.33

Number of cells # 80
Surface area of the cell cm2 320

Current at full power A 230
Steam utilization % 70

Hydrogen inlet ratio % v/v 10
Hydrogen production kg/h 0.683

Airflow (dry air) kg/h 28
Cell temperature 

(thermoneutral condition) ºC 724

Step 3: Flow-sheeting & system 
modelling



Key Performance Indicators (KPI)
Target Definition Calculated 

(EcosimPro)ID Definition

R-max Maximum measured instantaneous hydrogen 
production rate at full-capacity ≥ 15 kgH2/day 0.683 𝑘𝑘𝑘𝑘𝐻𝐻2/ℎ𝑜𝑜𝑜𝑜𝑜𝑜 · 24 ℎ𝑜𝑜𝑜𝑜𝑜𝑜 16.4 kgH2/day

Eff-w Power-to-hydrogen conversion efficiency of 
the heat-integrated SOE system < 39 kWhe/kgH2

24𝑘𝑘𝑘𝑘ℎ𝑒𝑒 + 2.43𝑘𝑘𝑘𝑘ℎ𝑒𝑒
0.683𝑘𝑘𝑘𝑘𝐻𝐻2

38.7 kWhe/kgH2

Sol-% Solar-to-Hydrogen energy conversion 
efficiency: from solar radiation to H2 energy* ≥ 10%

𝐿𝐿𝐻𝐻𝐿𝐿𝐻𝐻2 · 0.683𝑘𝑘𝑘𝑘𝐻𝐻2
5.24𝑘𝑘𝑘𝑘ℎ𝑡𝑡𝑡

0.62 + 26.43𝑘𝑘𝑘𝑘ℎ𝑒𝑒
0.17

· 100 13.9 %

Design Point preliminary simulation results vs. KPIs

SolarPACES 2022 Conference, Albuquerque (USA), 28th September 2022

Symbol Description Value

𝐿𝐿𝐻𝐻𝐿𝐿𝐻𝐻2 Hydrogen Low Heating Value 33.3 kWh/kg

𝜂𝜂𝑆𝑆𝑆𝑆𝑆𝑆 Concentrating solar field conv. efficiency vs. DNI 62%

𝜂𝜂𝑃𝑃𝑃𝑃 PV field conversion efficiency vs. GI 17%

*Solar-to-Hydrogen efficiency

𝜂𝜂𝑆𝑆𝑆𝑆𝑆𝑆→𝐻𝐻2 =
𝐿𝐿𝐻𝐻𝐿𝐿𝐻𝐻2 · 𝑘𝑘𝑘𝑘𝐻𝐻2
�𝑃𝑃𝑡𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝜂𝜂𝑆𝑆𝑆𝑆𝐶𝐶 + �𝑃𝑃𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒 𝜂𝜂𝑃𝑃𝑃𝑃

Step 3: Flow-sheeting & system 
modelling
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Step 4: Lab validation of 
components

Rome, 8 February 2024
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Developed TES-SG prototype
heat exchangers

TES-SG prototype with oil loops

Step 4: Lab validation of 
components



Lab testing & mapping of SOE stacks prior system integration
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5 kWe stack box
• 70 RU
• 80 cm2/layer
• 1.8 kW SOFC / 5kW SOE

25 kWe stack box
• 80 RU
• 320 cm2/layer
• 8 kW SOFC / 25kW SOE
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Rome, 8 February 2024

Step 4: Lab validation of 
components
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Steps 5 & 6: Design & construction 
of the prototype (25 kW)

Rome, 8 February 2024



Current status of the project
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o Final design and construction of the prototype
o Commissioning and testing in the project site in Cuenca, 

Spain, connected to a PV facility

3D rendering of PROMETEO prototype

CHILLER GAS CYLINDERS RACK TES PACKAGE

DEMI WATER TANK 
AND FEEDING 

SYSTEM

SOEC AIR FAN

FEED ELECTRICAL 
PREHEATER

KO DRUM

H2 RECIRCULATION 
COMPRESSOR

Rome, 8 February 2024

Steps 5 & 6: Design & construction 
of the prototype (25 kW)
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Step 7: Experimental validation of 
the prototype

Rome, 8 February 2024
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Step 8: Assessment: end-users’ 
cases, LCA, roadmapping

Rome, 8 February 2024



Thank you for your attention
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