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Hydrogen is considered an effective solution to deliver or store energy. It is characterized by high energy density (120 MJ/kg) compared to classical energy storage devices (e.g., batteries). In the energy delivery process, hydrogen can supply fuel cells (FCs) for electricity, power, or heat production; in the energy storage process, it can be generated using techniques such as fossil fuel reforming, direct solar water splitting, or water electrolysis. Among these techniques, water electrolysis is an attractive option due to the impact of its low carbon emissions. In this electrochemical process, an electrolyzer (EL) is used to split de-ionized, pure, or distilled water into hydrogen and oxygen, which is fed by low-carbon power generation sources such as renewable energy sources (RES) and nuclear sources [1,2].



Four main electrolyzer technologies have been reported in the literature, depending on the required electrolyte material and the ionic species they diffuse: alkaline, proton exchange membrane (PEM), solid oxide (SO), and anion exchange membrane (AEM) technologies. Due to its operational characteristics, PEM technology is the most promising and attractive solution to cope with the intermittency of RES, since it can quickly respond to variations in the injected power, enabling energy absorbance during fast dynamics [3]. However, under dynamic operation conditions, the membrane may be subjected to degradation [4]. Moreover, the operating conditions (pressure, temperature, current density) [5,6,7] and power electronics may also cause degradation in the membrane [8,9,10].



Furthermore, the reliable operation of ELs is a challenging task due to the presence of several types of failures that can cause premature equipment replacement and operation shutdowns; for example, in ELs, the membrane electrode assembly (MEA) can be subjected to membrane pinhole formation, internal gas leakage, cell drying, and poisoning of the catalyst areas [11]. Since these systems are exposed to several types of failures and degradation according to their operating conditions, modeling, degradation study, failure diagnosis, and faulty operation management must be considered. Only by enhancing EL technologies can hydrogen be introduced as a safe and sustainable energy carrier.



For this Special Issue, we sought original high-quality papers and review articles focused on hydrogen technologies related to their modeling, degradation, failure diagnosis, and faulty operation management.



Topics of interest include, but are not limited to:




	
Membrane electrode assembly modeling of electrolyzers;



	
Impacts of dynamic operating conditions on the materials and components degradation of electrolyzers;



	
Influence of the operating conditions (temperature, pressure, current density) and power electronics on the degradation of electrolyzers;



	
Failure mechanisms of electrolyzers;



	
Development of failure-diagnosis methods;



	
Development of faulty operation management to enhance the performance and lifetime of the system.








As a result of this Special Issue proposal, five research papers [12,13,14,15,16] from four different countries have been published. Researchers at academic institutions and the French National Centre for Scientific Research (CNRS) from France [12,13,15], Mexico [15], Germany [14], and Taiwan [16] contributed to this work. It is important to point out that the research reported in Ref. [12] was carried out in collaboration with the French company Air Liquide, an expert in the design, construction, and operation of low-carbon hydrogen production plants relying on water electrolyzers.



Most of the published papers investigated PEM electrolyzers [12,14,15,16] which confirms the growing interest in this technology to generate hydrogen from RES. Moreover, all the published papers reported experiments performed on electrolyzers that demonstrate the relevance of the papers and the significance of using experimental data for investigation purposes. Hence, the published papers reported on new contributions compared to the current literature, including an investigation of the effects of current ripple from power electronics on the performance of PEM electrolyzers [12]; the use of X-ray micro-computed tomography to examine the 3D microstructure of the anode-electrolytes of electrolyzers [13]; the development of a mathematical model to evaluate the cell polarization, current density distribution and water flow paths inside a cell under low stoichiometry conditions [14]; the analysis of the decrease in the open-circuit voltage of the PEM electrolyzer during shutdown operation and its modeling [15]; and the application of micro-electro-mechanical systems to monitor, in real-time, the state-of-health of a PEM electrolyzer [16].



Starting from these new contributions, some challenging issues remain, such as the modeling of electrolyzer behaviors during dynamic operating conditions (with the use of RES); the investigation of electrolyzers during the dynamic operation, shutdown, start/stop conditions, and those fed by low and high-frequency current ripple (in terms of amplitude and frequency); and the development of fault-diagnosis methods and state-of-health management of electrolyzer systems.
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