
Prospects of solid-state hydrogen energy
storage

Are solid-state hydrogen storage materials efficient?

As hydrogen technology continues to advance,solid-state hydrogen storage materials have attracted significant

attention as an efficient solution for hydrogen energy storage. However,existing research methods,such as

experimental preparation and theoretical calculations,are inefficient and costly.

 

Can solid-state hydrogen storage solve the 'last mile' challenge?

Authors to whom correspondence should be addressed. Solid-state hydrogen storage technology has emerged

as a disruptive solutionto the "last mile" challenge in large-scale hydrogen energy applications,garnering

significant global research attention.

 

Does Chinese research progress in solid-state hydrogen storage material systems?

This paper systematically reviews the Chinese research progress in solid-state hydrogen storage material

systems, thermodynamic mechanisms, and system integration.

 

Can ml predict solid-state hydrogen storage materials?

Subsequently, the application of ML in predicting the performance of solid-state hydrogen storage materials,

interpreting the structure-performance relationship, and optimizing material design is discussed. Additionally,

there have been research efforts that integrate HTS-ML methods to screen and predict solid-state hydrogen

storage materials.

 

When will solid-state hydrogen storage become mainstream?

Although its industrialization is still in its nascent stages,breakthroughs in key technologies like hydrogen

storage materials and system integration are expected to propel solid-state hydrogen storage to mainstream

status,rivalling gaseous and liquid hydrogen storage within the next 10-15 years.

 

What are the challenges of solid-state hydrogen storage?

The main challenges using solid-state hydrogen storage are either related to the high hydrogen discharge

temperature (around 350 &#176;C in the case of magnesium hydride), the slow reaction kinetics or last but not

least the challenges on the reactor level, e.g., gas distribution and thermal management.

Clean and efficient energy has become the foremost objective of human sustainable development. Hydrogen

energy, recognized as a green and efficient energy source, has emerged as a focal point worldwide. So far,

commonly used hydrogen storage methods pose safety concerns, such as compressing hydrogen into gas

cylinders with high-pressure and ...

The solid-state storage appears to be a viable, efficient and safe mode of hydrogen storage, where hydrogen

can be stored in a material either in the form of atoms or in ...
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assesses the market potential of solid-state hydrogen storage across four major application scenarios: on-board

hydrogen storage, hydrogen refueling stations, backup power ...

The hydrogen economy is a system that is proposed as a long-term solution for a secure energy future.

Hydrogen production, storage, distribution, and utilization make up the fundamental elements ...

Despite having a limited number of possible siting locations, geologic hydrogen storage is an appealing

storage option since it is relatively affordable ($0.08/kWh) for a very big storage capacity. 2.5 Solid-State

Hydrogen Storage. The chemical bonds of many different substances can also store hydrogen.

After extensive analysis, we arrived at a previously unfamiliar approach: storing hydrogen in solid form using

metal hydrides holds great potential in meeting energy storage needs in a safe, cost effective and sustainable

way. Here are some of our findings and observations. Keen to hear what others think about this niche market.

The Basics

State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Southwest Petroleum University,

Chengdu 610500, Sichuan, China; ... hydrogen energy, hydrogen storage technology, hydrogen storage

capacity, physical hydrogen storage, ... YANG Guang, WEN Yonggang. Hydrogen storage technology:

Current status and prospects[J]. Energy Storage ...

With the rapid growth in demand for effective and renewable energy, the hydrogen era has begun. To meet

commercial requirements, efficient hydrogen storage techniques are required. So far, four techniques have

been suggested for hydrogen storage: compressed storage, hydrogen liquefaction, chemical absorption, and

physical adsorption. ...

Among various storage modes described above (like solid state, gaseous and liquid mode), solid-state storage

modes in the form of metal/intermetallic hydrides were found to be established first as efficient, safe and

cost-effective option (Shahi et al. 2008, 2010, 2011). These hydrides have high volumetric hydrogen storage

capacity as compared ...

This review provides a comprehensive understanding of catalysts that could alleviate rate-limiting steps by

summarizing current knowledge on the kinetics of hydrogen uptake/release in ...

Hydrogen storage technologies encompass a diverse range of approaches and procedures used to securely and

efficiently store hydrogen, facilitating its application across a broad spectrum of uses (Speigel, 2020). These

storage technologies can be categorized into three primary categories: gaseous storage, liquid storage, and

solid-state storage.

Hydrogen energy, known for its high energy density, environmental friendliness, and renewability, stands out
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as a promising alternative to fossil fuels. However, its broader application is limited by the challenge of

efficient and safe storage. In this context, solid-state hydrogen storage using nanomaterials has emerged as a

viable solution to the drawbacks of ...

In the former case, the hydrogen is stored by altering its physical state, namely increasing the pressure

(compressed gaseous hydrogen storage, CGH 2) or decreasing the temperature below its evaporation

temperature (liquid hydrogen storage, LH 2) or using both methods (cryo-compressed hydrogen storage, CcH

2). In the case of material-based ...

Hydrogen storage in solid-state hydrides provides a safe and compact method for hydrogen storage. In general,

hydrogen absorption and desorption in metal/alloys proceeds via the following steps, as shown in Fig. 3 (a)

and (c). Hydrogen molecules in the gas phase adsorb physically on the surface of metal/alloys and then

dissociate into two hydrogen atoms.

Addressing all the scientific and technical challenges that must be overcome for subsurface hydrogen storage

to be deployed at scale, Subsurface Hydrogen Energy Storage: Current status, Prospects, and Challenges is an

invaluable reference for researchers, engineers, and industry professionals involved in hydrogen and energy

storage, the ...

Solid-state hydrogen storage is a fast-expanding subject with several problems and potential ahead.

Addressing the literature gap and focusing on future views, as described in this article, will pave the way for

practical and efficient solid-state hydrogen storage technologies, allowing hydrogen to be widely used as a

clean energy alternative.

The solid-state storage appears to be a viable, efficient and safe mode of hydrogen storage, where hydrogen

can be stored in a material either in the form of atoms or in the form of H2 molecules through two well-known

processes, namely (i) Fig. 5 Different methods and phenomena of the various hydrogen storage systems 123

Transactions of the ...

The study presents a comprehensive review on the utilization of hydrogen as an energy carrier, examining its

properties, storage methods, associated challenges, and potential future implications. Hydrogen, due to its high

energy content and clean combustion, has emerged as a promising alternative to fossil fuels in the quest for

sustainable energy. Despite its ...

As a key technology in hydrogen storage and transportation, solid-state hydrogen storage materials have a

broad market prospect. Preparing materials through experimentation or ...

Abstract The need for the transition to carbon-free energy and the introduction of hydrogen energy

technologies as its key element is substantiated. The main issues related to hydrogen energy materials and

systems, including technologies for the production, storage, transportation, and use of hydrogen are
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considered. The application areas of metal hydrides as ...

Abstract Aluminum hydride (AlH3) is a covalently bonded trihydride with a high gravimetric (10.1 wt%) and

volumetric (148 kg&#183;m-3) hydrogen capacity. AlH3 decomposes to Al and H2 rapidly at relatively low

temperatures, indicating good hydrogen desorption kinetics at ambient temperature. Therefore, AlH3 is one of

the most prospective candidates for high ...

Recently, high-entropy alloys (HEAs) designed by the concepts of unique entropy-stabilized mechanisms,

started to attract widespread interests for their hydrogen storage properties. HEAs with body-centered cubic

(BCC) structures present a high potential for hydrogen storage due to the high hydrogen-to-metal ratio (up to

H/M = 2) and vastness of compositions. ...

The solid-state storage based on hydrogen storage materials has the advantages of low hydrogen storage

pressure, high energy efficiency, safety and reliability, compared to conventional compressed hydrogen and

cryogenic liquid hydrogen storage methods. ... challenges, progress and prospects. Review; Published: 03

November 2023; Volume 58, ...

As stated on the International Energy Agency website, hydrogen is a versatile energy carrier that can help

tackle various critical energy challenges [1].Owing to its high energy density (120-142 kJ/kg, which is 2.7

times that of gasoline) [2] and the absence of CO 2 emissions when burned, hydrogen is considered an

increasingly important piece of the strategy ...

For practical onboard applications, much hydrogen storage research is devoted to technologies with the

potential to meet the hydrogen storage targets set by the United States Department of Energy (US DOE)

[5].The most stringent US DOE criteria is that by the year 2020, a system with a hydrogen gravimetric (4.5

wt.%) and volumetric capacity (0.030 kg H2/L) ...

Due to the fluctuating renewable energy sources represented by wind power, it is essential that new type

power systems are equipped with sufficient energy storage devices to ensure the stability of high proportion of

renewable energy systems [7].As a green, low-carbon, widely used, and abundant source of secondary energy,

hydrogen energy, with its high calorific ...

The future prospects of promising materials are analyzed based on how its practical application can be

implemented according to market needs. ... Another candidate is porous Si (PS). By chemisorption

mechanism, PS can be used as solid-state hydrogen storage for hydrogen energy systems. ... McPhy also

developed solid-state hydrogen storage ...

The prospects of hydrogen penetration and decarbonisation are stated, however, key hydrogen technologies

and the current progress of developing hydrogen technologies have not been fully addressed. ... solid-state

hydrogen storage has seen rapid development and is believed to be the safest hydrogen storage mode.
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Different technologies of ...
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