
EMERGING ELECTROCHEMICAL
ENERGY CONVERSION AND
STORAGE TECHNOLOGIES

What is electrochemical energy conversion & storage (EECS)?

Electrochemical energy conversion and storage (EECS) technologies have aroused worldwide interest as a

consequence of the rising demands for renewable and clean energy. As a sustainable and clean

technology,EECS has been among the most valuable options for meeting increasing energy requirements

and carbon neutralization.

Are electrochemical energy storage devices suitable for high-performance EECS devices?

Finally, conclusions and perspectives concerning upcoming studies were outlined for a better understanding

of innovative approaches for the future development of high-performance EECS devices. It has been

highlighted that electrochemical energy storage (EES) technologies should reveal compatibility, durability,

accessibility and sustainability.

What is electrochemical energy storage (EES)?

It has been highlighted that electrochemical energy storage (EES) technologies should reveal compatibility,

durability, accessibility and sustainability. Energy devices must meet safety, efficiency, lifetime, high energy

density and power density requirements.

What are the emerging technologies?

The more established technologies such as deep-cycle batteries and sensors are being joined by emerging

technologies such as fuel cells, large format lithium-ion batteries, electrochemical reactors; ion transport

membranes and supercapacitors.

Why do we need electrochemical energy conversion systems?

Electrochemical energy conversion systems play already a major role e.g.,during launch and on the

International Space Station,and it is evident from these applications that future human space missions -

particularly to Moon and Mars - will not be possible without them.

Are integrated multienergy systems a development trend in energy storage industries?
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The integration of LIBs and SCs into smart fabrics indicated a further development tendency in energy

storage industries (Pan et al. 2016). The design and operation of integrated multienergy systems need

models that satisfactorily characterize the behavior of the EECS technologies.

This book focuses on novel electrochemical

materials particularly designed for specific energy

applications. It presents the relationship between

materials properties, state-of-the-art processing,

and device performance and sheds light on the

research, development, and deployment (RD& D)

trend of emerging materials and technologies in this

field.

This review summarizes green energy conversion

and storage devices with a particular focus on

recent advancements in emerging technologies.

Technical innovations in energy-related materials,

device structures, and new applications are

discussed. Furthermore, hybrid energy and

self-charging power systems are discussed in

conjunction with recent 
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Electrochemical energy storage and conversion

systems such as electrochemical capacitors,

batteries and fuel cells are considered as the most

important technologies proposing environmentally

friendly and sustainable solutions to address rapidly

growing global energy demands and environmental

concerns. Their commercial applications individually

or in ???

This special issue features the 2018 Emerging

Investigators in Electrochemical Energy Conversion

and Storage. Thirteen invited emerging investigators

contributed to this special issue to showcase

up-and-coming scientists and engineers in the field

of electrochemical energy conversion and storage.

Emerging investigators are typically in the early

stages of their ???
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In addition, electrochemical batteries can also

achieve efficient conversion of other forms of

renewable energy, such as: thermally regenerative

batteries that convert low-temperature heat energy

into electrical energy [11], [12], and microbial fuel

batteries that use microorganisms to convert the

chemical energy of organic matter into 

Here, we will provide an overview of key

electrochemical energy conversion technologies

which already operate in space (e.g., onboard the

International Space Station, ISS) or which are

currently 
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Recently, electrochemical energy storage and

conversion techniques on amorphous materials

have been developed rapidly. Particularly,

increasing attention has been paid to the alkali

metal-ion batteries, alkali metal batteries, or

supercapacitors that are based on amorphous

homo- or hetero-structured nanomaterials.

Fundamental Science of Electrochemical Storage.

This treatment does not introduce the simplified

Nernst and Butler Volmer equations: [] Recasting to

include solid state phase equilibria, mass transport

effects and activity coefficients, appropriate for "real

world" electrode environments, is beyond the scope

of this chapter gure 2a shows the Pb-acid battery

???

Electrochemical processes underlie the functioning

of electrochemical devices for energy storage and

conversion. In this paper, electrochemoinformatics

is defined as a scientific discipline, a part of ???
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Electrochemical processes underlie the functioning

of electrochemical devices for energy storage and

conversion. In this paper, electrochemoinformatics

is defined as a scientific discipline, a part of

computational electrochemistry, dealing with the

application of information technologies, specifically

data science, machine learning (ML), and artificial

intelligence, to ???

Advancement in electrochemical technology for

energy storage and conversion devices such as

rechargeable batteries, supercapacitors, and fuel

cells are also briefed. In this chapter, authors review

the contemporary demand, challenges and future

prospective of energy resources and discuss the

relevant socioeconomical and environmental issues 

This special issue features the 2020 Emerging

Investigators in Electrochemical Energy Conversion

and Storage. Thirteen emerging investigators were

invited to this special issue to showcase

up-and-coming scientists and engineers in the field

of electrochemical energy conversion and storage.

Emerging investigators are typically in the early

stages of their ???
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Flow batteries and regenerative fuel cells have the

potential to play a pivotal role in this transformation

by enabling greater integration of variable

renewable generation and providing ???

emerging as prospective electrodes for

electrochemical energy storage and conversion.

The study of amorphous materials in

electrochemical ???elds is still in its infancy,

rendering their in-depth and systematic research

timely and relevant. Establishing speci???c

controllable synthesis and modi???cation strategies

for amorphousnanomaterialsisstill

Energy is essential in our daily lives to increase

human development, which leads to economic

growth and productivity. In recent national

development plans and policies, numerous nations

have prioritized sustainable energy storage. To

promote sustainable energy use, energy storage

systems are being deployed to store excess energy

generated from renewable ???
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Understanding the mechanisms of action of

fundamental redox processes is of great interest for

the development of more active catalysts and

materials for energy storage and conversion

devices. To gain more insight into ???

The accelerated production of sophisticated

miniaturized mobile electronic devices, challenges

such as the electrochemical propulsion of electric

vehicles (EVs), and the need for large-scale storage

of sustainable energy (i.e. load-levelling

applications) motivate and stimulate the

development of novel rechargeable batteries and

super-capacitors.

Energy storage and conversion play a crucial role in

meeting the increasing demand for sustainable

energy solutions (Ifijen et al. 2022a; Shao et al.

2022; Yang et al. 2022a; Weng et al. 2024).With the

rise of renewable energy systems and the

widespread adoption of electric vehicles, efficient

and reliable energy storage and conversion

technologies are essential to ???
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The intermittency challenges that come with the

adoption of solar and wind renewable energy can be

addressed by coupling it with suitable energy

storage and conversion technologies. Energy can

be stored in many ways: mechanical, electrical,

chemical and electrochemical with various

characteristic storage times and capacities (Fig. 2 

1 Introduction. Our way of harvesting and storing

energy is beginning to change on a global scale.

The transition from traditional fossil-fuel-based

systems to carbon-neutral and more sustainable

schemes is underway. 1 With this transition comes

the need for new directions in energy materials

research to access advanced compounds for

energy conversion, transfer, and storage.

Amorphous materials with unique structural features

of long-range disorder and short-range order are

emerging as prospective electrodes for

electrochemical energy storage and conversion due

to their advantageous properties such as intrinsic

isotropy, abundant active sites, structural flexibility,

and fast ion diffusion. Amorphous-material-based

electrodes with high ???
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Nowadays, hydrogen technologies like fuel cells

(FC) and electrolyzers, as well as rechargeable

batteries (RBs) are receiving much attention at the

top world economies, with public funding and private

investments of multi-billion Euros over the next 10

years. Along with these technologies,

electrochemical capacitors (ECs) are expanding

rapidly in the energy storage ???

Electrochemical energy storage and conversion

devices are very unique and important for providing

solutions to clean, smart, and green energy sectors

particularly for stationary and automobile

applications. They are broadly classified and

overviewed with a special emphasis on

rechargeable batteries (Li-ion, Li-oxygen, Li-sulfur,

Na-ion, and 

Three-dimensional (3D) printing, as an advanced

additive manufacturing technique, is emerging as a

promising material-processing approach in the

electrical energy storage and conversion field, e.g.,

electrocatalysis, secondary batteries and

supercapacitors. Compared to traditional

manufacturing techniques, 3D printing allows for

more the precise control of ???
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The transition from the conventional ionic

electrochemistry to advanced semiconductor

electrochemistry is widely evidenced as reported for

many other energy conversion and storage devices

[6, 7], which makes the application of

semiconductors and associated methodologies to

the electrochemistry in energy materials and

relevant ???
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