
CHEMICAL INTELLIGENT ENERGY
STORAGE DEVICES

The current intelligent automation society faces increasingly severe

challenges in achieving efficient storage and utilization of energy. In the

field of energy applications, various energy technologies need to be more

intelligent and efficient to produce, store, transform and save energy. In

addition, many 2021 PCCP HOT Articles PCCP Perspectives

9.2.1 Intelligent Sensors Network. The intelligent energy storage systems

work on the data obtained from sensors. A smart sensor is defined as a

combination of the sensor with digital circuitry like analog to digital

converter in one housing.

Zn-ion electrochromic energy storage devices (ZEESDs) incorporate

electrochromism and energy storage into one platform that can visually

indicate the working status through a real-time color change, attracting

considerable attention in energy-saving buildings and intelligent

electronics.

They are the most common energy storage used devices. These types of

energy storage usually use kinetic energy to store energy. Here kinetic

energy is of two types: gravitational and rotational. These storages work in

a complex system that uses air, water, or heat with turbines, compressors,

and other machinery.  Examples of Chemical Energy 

This also enhances the efficiency, reliability, and functionality of energy

storage systems, such as batteries and capacitors. Furthermore, it

contributes to the development of intelligent and durable energy

conversion devices, including water splitting, a?|
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5 . These advancements have significantly boosted the performance of

energy storage devices. DNA biotemplates not only enhance

supercapacitor capacitance and increase Lia??S a?|

The unique properties of electrochromic energy storage devices

(ECESDs) have attracted widespread attention. In the field of energy

applications, they have high potential value and a?|

The supercapacitors store energy by means of double electric layer or

reversible Faradaic reactions at surface or near-surface electrode, 28, 29

while batteries usually store energy by dint of electrochemical reactions at

internal electrode. 30 These two types of energy storage devices have

their own advantages and disadvantages in different 

Electrostatic capacitors play a crucial role as energy storage devices in

modern electrical systems. Energy density, the figure of merit for

electrostatic capacitors, is primarily determined by 

The global demand for energy is constantly rising, and thus far,

remarkable efforts have been put into developing high-performance

energy storage devices using nanoscale designs and hybrid approaches.

Hybrid nanostructured materials composed of transition metal

oxides/hydroxides, metal chalcogenides, metal carbides, metala??organic

frameworks, a?|
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In this review, we focus on recent advances in

energy-storage-device-integrated sensing systems for wearable

electronics, including tactile sensors, temperature sensors, chemical and

biological sensors, and multifunctional sensing systems, because of their

universal utilization in the next generation of smart personal electronics.

Energy storage systems are essential in modern energy infrastructure,

addressing efficiency, power quality, and reliability challenges in DC/AC

power systems. Recognized for their indispensable role in ensuring grid

stability and seamless integration with renewable energy sources. These

storage systems prove crucial for aircraft, shipboard a?|

Natural wood-based triboelectric nanogenerators with high fire-safety for

energy harvesting toward intelligent buildings. Journal of Materials

Chemistry A 2023  A facile blow spinning technique for green cellulose

acetate/polystyrene composite separator for flexible energy storage

devices. Chemical Engineering Journal 2023, 464, 142515 

Zn-ion electrochromic energy storage devices (ZEESDs) incorporate

electrochromism and energy storage into one platform that can visually

indicate the working status through a real-time color change, attracting

considerable attention in energy-saving buildings and intelligent

electronics. However, typical ZEESDs generally consist of Zn metal

electrodes and normal liquid a?|

We summarize the recent achievements of four main types of

energy-storage-device-integrated sensing systems, including tactile,

temperature, chemical and biological, and multifunctional types,

considering their irreplaceable position in the fields of human health

monitoring, intelligent robots, humana??machine interaction, and so on

(Figure 1 
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Battery energy storage technology is a way of energy storage and release

through electrochemical reactions, and is widely used in personal

electronic devices to large-scale power storage 69.Lead 

Similarly, viologens (1,1a?2-Disubstituted-4,4a?2-bipyridinium salt) is also

a common polymer in the field of electrochromism. When the applied

current or voltage changes, a two-step reduction reaction (RV 2+ + e a??

a?? RV +, RV + + e a?? a??RV) occurs, accompanied by obvious color

change. However, when it is applied to electrochemical energy storage

devices, it is difficult to a?|

1 Introduction. The advance of artificial intelligence is very likely to trigger

a new industrial revolution in the foreseeable future. [1-3] Recently, the

ever-growing market of smart electronics is imposing a strong demand for

the development of effective and efficient power sources.Electrochemical

energy storage (EES) devices, including rechargeable batteries and a?|

In the rapidly evolving landscape of electrochemical energy storage

(EES), the advent of artificial intelligence (AI) has emerged as a keystone

for innovation in material a?|

1. Introduction. With the continuous consumption of energy and resources,

people's demand for a single device with multiple functions is increasing

day by day [[1], [2], [3]] combining electrochromic and capacitive

properties, a single device can not only exhibit stable and reversible

changes in optical properties, but also show rapid energy storage a?|
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AI offers promising solutions to these challenges by enabling intelligent

and efficient research methodologies and development strategies. 

significantly impacting the development and optimization of battery and

electrochemical energy storage devices. Download  GenAI can also be

used to create a vast array of potential chemical compounds 

A self-powered system based on energy harvesting technology can be a

potential candidate for solving the problem of supplying power to

electronic devices. In this review, we focus on portable and 

To this end, ingesting sufficient active materials to participate in charge

storage without inducing any obvious side effect on electron/ion transport

in the device system is yearning and essential, which requires ingenious

designs in electrode materials, device configurations and advanced

fabrication techniques for the energy storage microdevices.

Diao et al. fabricated an intelligent and portable power storage device able

to visualize the energy status with a high power density of 71.6 W/cm 3

[19]. An electrochromic fiber-shaped supercapacitor with a specific

capacitance of a?|

The best known and in widespread use in portable electronic devices and

vehicles are lithium-ion and lead acid. Others solid battery types are

nickel-cadmium and sodium-sulphur, while zinc-air is emerging.  Energy

storage with pumped hydro systems based on large water reservoirs has

been widely implemented over much of the past century to 
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Chemical cross-linking is to form an irreversible network structure in the

chitosan molecules by cross-linking agents. The cross-linking agents

mainly interact with the amino groups on the chitosan molecular chain to

form covalent bonds.  To match and power the next-generation intelligent

wearable electronics, novel energy storage devices 

The development of the smart ZIBs as a new type of intelligent energy

storage device has attracted great attention on the road to the

high-security and low-cost as well as the self a?|

Abstract. Electrochemical energy storage (EES) devices integrated with

smart functions are highly attractive for powering the next-generation

electronics in the coming era of artificial a?|

The booming wearable/portable electronic devices industry has stimulated

the progress of supporting flexible energy storage devices. Excellent

performance of flexible devices not only requires the component units of

each device to maintain the original performance under external forces,

but also demands the overall device to be flexible in response to external

a?|

Chapter 2 a?? Electrochemical energy storage. Chapter 3 a?? Mechanical

energy storage. Chapter 4 a?? Thermal energy storage. Chapter 5 a??

Chemical energy storage. Chapter 6 a?? Modeling storage in high VRE

systems. Chapter 7 a?? Considerations for emerging markets and

developing economies. Chapter 8 a?? Governance of decarbonized power

systems 
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[12, 13] Compared to the conventional energy storage materials (such as

carbon-based materials, conducting polymers, metal oxides, MXene, etc.),

nanocellulose is commonly integrated with other electrochemically active

materials or pyrolyzed to carbon to develop composites as energy storage

materials because of its intrinsic insulation 

The development of the smart ZIBs as a new type of intelligent energy

storage device has attracted great attention on the road to the

high-security and low-cost as well as the self-adapting battery system. 

Aqueous ZIB as a green and sustainable energy supply via the reversible

chemical redox reaction can not only promote the optimization of 

Chemical energy storage (CES) Hydrogen energy storage Synthetic

natural gas (SNG) Storage Solar fuel: Electrochemical energy storage

(EcES) Battery energy storage (BES)a?c Lead-acida?c Lithium-iona?c

Nickel-Cadmiuma?c Sodium-sulphur a?c Sodium ion a?c a?|
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