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non-programmable renewable sources
generate intermittent power and heat

©

when renewable power is made available®
the electrolyzer is operated with steam readily

generated from the heat storage system
* e.g. low cost, surplus production, etc.

PROMETEO
Concept

solar heat can be stored to produce
steam “on-demand” to run the Solid
Oxide Electrolyzer

power grid balancing
gas grid injection
feedstock for a greener chemical industry

i ogreen hydrogen is produced for different uses:
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I('a%dea PRODUCCION DE HIDROGENO CON GRAN
EFICIENCIA: ELECTROLISIS A ALTA
TEMPERATURA (600-700 °C)

Alkaline electrolysis
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Celda de Oxido Sélido (SOEC),
operando en modo electralisis



ok k
* K

energy

Voltaje de celda medio [V]

minstitu

i dea

L
>

2,2 = Alcalino

2
1,8
1,6

—ee- 1,481V at 25°C
14 I Voltaje termoneutro / /
1,283 Vat 700°C

1:2

1
0,8 - : . T . )

0 0,5 1 1,5 2 2:5
Densidad de corriente[Acm?]
N
Excess heat E (V)
Exothermic
mode
N Thermoneutral mode | 1.48 Vagsx - 1.29 Vo7
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Operacion en modo termoneutro

Curvas tipicas de
polarizacion para
electrolizadores alcalinos,
PEM y SOEC

Consumo eléctrico
especifico de 3,5
kWh/Nm?3 (SOEC)
comparado con 4,8-5,5
(alcalino) y 5-7 kWh/Nm?3
PEM.
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CS system
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PROMETEO prototype (in container)
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Experimental setup to be tested at Capital Energy’'s PV
plant premises in Spain
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Especificaciones del SOE StackBox usado en

el Proyecto PROMETEDO.
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Cambio de escala del stack SOE desde el
actual estado del arte (80 cm?) hasta 320 cm?
usando cuatro celdas por capa.
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700-750° C
680-800° C
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The project will develop an innovative prototype based on high-temperature solid oxide
electrolysis (SOE) for the production of green hydrogen by making the most efficient use of
heat (CS+storage) and power (PV) generated from solar energy.

PROMETEO will use the solid oxide technology to build a 25 kWe prototype electrolyser capable
of producing 15 kg of hydrogen per day (85% LHV efficiency), that will be validated on a PV
plant site more than 1,000 hours.

PROMETEO will address the intermittent supply of solar energy by developing re-generation
phases and the use of TES supplied by concentrating solar systems.

Industrial end-users will steer the R&D activities to meet end-users’ needs for green hydrogen in
industrial applications: injection of hydrogen into the gas grid (SNAM, lItaly), chemical storage
of renewable electricity (Capital Energy, Spain) and use of hydrogen for ammonia and fertiliser
production (Stamicarbon, the Netherlands).

PROMETEQO’s consortium includes 1 SME technology manufacturer (SOLIDpower), 1
engineering firm (NextChem), 3 large companies in the energy and chemical sectors, and 4
leading academic/research organisations (ENEA, IMDEA Energy, FBK and EPFL).
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Partners’ main roles in project PROMETEO.

PROMETEO
techno-economic &
exploitation studies by > solar integrated system
SNAM, Capital Energy, modelling by IMDEA Energy
Stamicarbon
1 O
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Steam Generator
(SG1) 15 KW th.

v L oSk ™" 4,0, SOE Feed Steam cor —>~@~H2(15 Nm/h)
1 gg;rg yzer ggg g!gr M\ 1q|‘n‘h 150°C_3 bar
integrated prototype hosted ! o
by Capital Energy N sskwe HeatRecoverylnits
4 SOE stack lab
system engineering & SOE stack - characterization &
integration by NextChem supplied by SP dynamic modelling by

FBK, ENEA, EPFL

FBK supports
system integration



Innovation path reflecting the specific position of
PROMETEO against previous projects
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Intermediate Fully integrated

temperature 600- Stack upscaling to Reversible mode with PV/CST and
10kWe

8002C ITSE Egé;ig?:?: BoP 25kWe
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General Objective
Modular, efficient,

dispatchable and cost- »-
effective high Dr. José Gonzélez Dr. Manuel Romero & 3
temperature solar Senior Researcher & Head of Unit Research Professor & Deputy - 4”#:_
. Direct __i‘
concentrating e 1

technologies for
power generation,
industrial process heat
and production

of solar fuels and
chemicals
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I!,;.igydea Contribucion de IMDEA Energia

IMDEA Energia aporta al Proyecto PROMETEO, a través de su

Unidad de Procesos de Alta Temperatura (UPAT), su experiencia y

capacidades en sistemas de concentracion solary en hidrogeno

solar:

- Seleccidén de la soluciéon 6ptima de instalacion termosolar

- Seleccidén del sistema de almacenamiento térmico para la
generacion del vapor.

- Simulacién y analisis de integracion de la electricidad y calor
solar y de la recuperacion de calor en el electrolizador SOE
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Advanced Electrolyser for Hydrogen
Production with Renewable Energy
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Advanced
Electrolysers

Sources Period: 2011-2013
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OVLE S Periodo: 2014-2018
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| dea ALmaCenamiento y CONversion de la Energia Solar térmica de
concentracion/ALCCONES. (S2013-MAE-2985)

Periodo: 2014-2018

Available online at www.sciencedirect.com
Energy

o ScienceDirect PI'OCQ dIG
Concentr: SEVIR- Energy Procedia 57 (2014) 706 — 715
...
SOE/FC
2013 ISES Solar World Congress
Feed . . . . .
welar—1 Coupling of a Solid-Oxide cell unit and a linear Fresnel

reflector field for grid management

Javier Sanz-Bermejo, Victor Gallardo-Natividad, José Gonzalez-Aguilar and
Manuel Romero*

IMDEA Energy, Avda Ramcn de la Sagra 3, Mostoles 28935, Spain
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S-stage Compressor
with iMercooling and water drain
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WP4 System Modelling: Leader IMDEA Energy

- | IMDEA Energia ~ ECOSTIMPro
ObJeCtlve Developlng J Modelling and Simulation Software n

the tools and models
for the performance

: System
analysis and system Performance
optimisation. EcosimPro
PROMETEOQO
Dynamic Sizing and
model SOE optimization EPFL
FBK DYMOLA OSMOSE
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UPAT: Unidad de Procesos de Alta Temperatura



