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The development of systems for production and storage of hydrogen as an 
energy vector for various applications, has gained much relevance in recent 
years as it is considered critical in the increase of renewable energies in the 
energy mix. Presently, most part of the hydrogen production using renewable 
energy sources is based on electrolysis systems that use water to obtain green 
hydrogen, that can be stored and later used or converted to electrical energy 
using fuel cells. 

New laboratory reactor systems for the production and storage of hydrogen 
using metal hydrides have been demonstrated in recent years, making these 
kind of reversible electrochemical systems alternative future options for the 
production and storage of hydrogen. 

In this paper a compact electrochemical laboratory system prototype for the 
production and storage of hydrogen, based on metallic hydrides, with high 
reversibility in the charge/discharge process is demonstrated, using renewable 
energies as power source. This laboratory reactor prototype is a 316 L stainless 
steel vessel with a capacity up to 15 bar of internal pressure. It includes working 
electrodes of alloy LaNi4.3Co0.4Al0.3 and counter-electrodes of Ni foam in an 
electrolyte solution of 35% KOH that can be configured using unicellular or 
multicellular arrangements. The replacement of Ni for small amounts of Al and 
Co in LaNi5 alloys, brought improvements in the thermodynamic properties of 
the alloy that will be described.  

The production and storage of H2 uses external electrical energy to induce its 
absorption by the metal lattice, in the charge cycle, with the production of O2, 
which must be completely released from the reactor’s interior at the end of the 

cycle. This production/storage stage continues until the maximum H2 absorption 
capacity of metal hydride has been reached, which can be detected by the 
presence of gaseous hydrogen in the interior of the reactor. 

During the discharge stage, the stored hydrogen is released by applying again 
an auxiliary source of electrical energy, and has a high purity, eventually with 
some water vapour, being easily conditioned to comply with specifications to 
supply directly to PEM fuel cells.  
The metal hydrides show a high energy density by volume unit (higher than 
liquid hydrogen) under ambient temperature and pressure. In opposition show 
low energy density by mass unit. Nevertheless, the metal hydrides can be a 
useful way of storing several MWh of energy using hydrogen as a carrier, 
especially for stationary applications, being its feasibility still under study and 
development. 
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Experimental results using a reactor unicellular configuration directly coupled to 
DC Power supply and to a photovoltaic panel are presented, in order to evaluate 
the reactor performance and to establish and quantify criteria to identify the 
states of full charge and discharge of hydrogen. 

Results show excellent linearity, reversibility, and stability under cycling at room 
temperature and pressure, demonstrated either when powered by the grid or by 
off-grid renewable energy. The overall capacity of this system can be extended 
by increasing the number of working electrodes, connected in parallel, resulting 
in a high modular system. 

The generator includes an electronic specific system for monitoring and control 
being developed in-house, in order to optimize the performance and energy 
efficiency of the global process of production/storage and discharge of hydrogen, 
when using renewable energy sources, namely solar energy (Fig. 1). 

 

 
 

Figure 1: Global architecture of the metal hydrides reactor for H2 
charge/discharge using solar energy as main DC power source, integrating a 

custom monitoring and control system to automate the full process. 
 

The electronic system includes the capability of acquisition and processing of 
local sensor data from electrochemical, physical and electrical process variables, 
allowing the automated control of the reactor, in order to optimize its 
performance and energy efficiency, accordingly to the expected conditions of 
electrical energy supply and demand. 

Results from the global reactor system will be presented, having in mind the 
possibility to integrate this type of compact electrochemical systems for 
production/storage of hydrogen within electrical stationary power systems using 
renewable energy sources. These reactors could be used, for instance, as an 
energy storage buffer, using the stored hydrogen as an energy carrier, 
considering the moderate cost and better efficiency of these reactors, when 
compared with the more traditional electrolysers. 

 



        HYPOTHESIS XVI   NOVEMBER 8-10, 2021 – Online Conference 

p. 106 

 

 

Acknowledgements  
The authors wish to thank to the Hylantic Project_Atlantic Network for 
Renewable Generation and Supply of Hydrogen to promote High Energy 
Efficiency (EAPA_204/2016), co-financed by the Interreg Atlantic Programme, 
the support given. 

 
References 
[1] International Energy Agency – IEA, “Technology Roadmap – hydrogen and 
fuel cells”, 2015. 
[2] LNEG, “Estado da arte das tecnologias do hidrogénio/barreiras tecnológicas, 
Relatório POSEUR_Avaliação do potencial e impacto como vetor energético. 
Potencial tecnológico nacional”, 2018. 
[3] LNEG, “Roteiro para a Investigação, Desenvolvimento e Inovação para o 
Hidrogénio como Vetor Energético”, 2019, ISBN 978-989-675-061-9. 
[4] Mohammadi A., Mehrpooya M. “A comprehensive review on coupling 

different types of electrolyzer to renewable energy sources”, Energy 158, 2018, 
632-655. 
[5] Prigent J., Joubert J.M., Gupta M., “Modification of the hydrogenation 
properties of LaNi5 upon Ni substitution by Rh, Ir, Pt or Au”, J Alloys Compd, 
511, 2012, 95-100. 
[6] Rangel C. M., Fernandes V. R., Slavkov Y., Bozukov L., “Novel hydrogen 
generator/storage based on metal hydrides”, Int. J. Hydrogen Energy 34, 2009, 
4587-4591. 
[7] Rusman, N.A.A., Dahari M., “A review on the current progress of metal 

hydrides material for solid-state hydrogen storage applications”, Int. J. 
Hydrogen Energy, 41, 2016, 12108-12126. 
[8] Schlapbach L., Züttel A., “Hydrogen storage materials for mobile 
applications”, NATURE, 414, 2001, 353-358. 
[9] Sharma V. K., Anil Kumar E., “Effect of measurement parameters on 
thermodynamic properties of La-based metal hydrides”. Int J Hydrogen Energy, 
39, 5888-98, 2014. 
[10] Yamaguchi M, Akiba E., In: Buschov KHJ, editor. “Electronic and magnetic 
properties of metals and ceramics’’ part II. Weinheim: VCH; 1994, p. 334. 
[11] Rangel C.M., Fernandes V.R., Gano A.J., “Sistema de Produção e 
Armazenamento de Hidrogénio Integrado Baseado em Hidretos Metálicos para 
Aplicações Estacionárias”, CIES 2020 - XVII Congresso Ibérico e XIII Congresso 
Ibero-americano de Energia Solar, 2020, pp. 1293-1302, ISBN 978-989-675-
076-3. 
 

  


