
DIELECTRIC TECHNOLOGIES FOR
ENERGY STORAGE

Dielectric capacitors are characteristic of ultrafast

charging and discharging, establishing them as

critically important energy storage elements in

modern electronic devices and power systems.

Current energy storage technology, such as

lithium-ion batteries, has  One promising alternative

is dielectric energy storage capacitors. The basic

structure of the capacitor is a sandwich-like film

made of two metal electrodes separated by a solid

dielectric film. Dielectrics are materials that store

energy through a physical charge 

Due to high power density, fast charge/discharge

speed, and high reliability, dielectric capacitors are

widely used in pulsed power systems and power

electronic systems. However, compared with other

energy storage devices such as batteries and

supercapacitors, the energy storage density of

dielectric capacitors is low, which results in the huge

system volume when applied in pulse ???
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Abstract. With the development of advanced

electronic devices and electric power systems,

polymer-based dielectric film capacitors with high

energy storage capability have become particularly

important.

where the ?u 0 is the vacuum dielectric permittivity

(8.85 x 10 ???12 F m ???1), and the ?u r and E b

are the dielectric constant and breakdown strength

of polymer dielectrics, respectively. ?u r 

Here, we report a previously unknown

polynorbornene dielectric, named PONB-2Me5Cl

(see Fig. 2d), with high U e over a broad range of

temperatures. At 200 ?C, as shown in Fig. 2a, the

polymer has 
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With the development of advanced electronic

devices and electric power systems, polymer-based

dielectric film capacitors with high energy storage

capability have become particularly important.

Compared with polymer nanocomposites with

widespread attention, all-organic polymers are

fundamental and have been proven to be more

effective choices in the ???

The evolutionary success in advanced electronics

and electrical systems has been sustained by the

rapid development of energy storage technologies.

Among various energy storage techniques,

polymeric dielectric capacitors are gaining attention

for their advantages such as high power density,

fast discharge speed, cost-effectiveness, ease of 

Summary <p>This chapter presents a timely overall

summary on the state& #x2010;of& #x2010;the&

#x2010;art progress on electrical energy&

#x2010;storage performance of inorganic

dielectrics. It should be noted that, compared with

bulk ceramics, dielectrics in thin and thick&

#x2010;film form usually display excellent electric

field endurance, ???
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As the energy demand continuously increases,

polymer-based materials have attracted much

attention for energy storage systems as dielectric

capacitors due to their higher power density and

charge???discharge rate than lithium-ion batteries

and supercapacitors. However, it is necessary to

increase the energy density of dielectric capacitors.

discusses the progress of energy storage

performances of linear dielectric, relaxor

ferroelectric, and antiferro-electric with emphasis on

composition modification, macro/microstructural

modulation, and electrical property optimization. 2

Key parameters for evaluating energy storage

properties 2. 1 Energy storage density

The last three decades have witnessed the

development of wide range of energy storage

technologies such as rechargeable Li-ion batteries

for mobile devices and electric vehicles.  the electric

field leads to charge accumulation within the

dielectric layers. The energy storage performance at

high field is evaluated based on the volume of the 
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Polymer dielectrics are considered promising

candidate as energy storage media in electrostatic

capacitors, which play critical roles in power

electrical systems involving elevated temperatures

Energy storage devices such as batteries,

electrochemical capacitors, and dielectric capacitors

play an important role in sustainable renewable

technologies for energy conversion and storage

applications [1,2,3].Particularly, dielectric capacitors

have a high power density (~10 7 W/kg) and

ultra-fast charge???discharge rates (~milliseconds)

when compared to ???

Dielectric capacitors play a pivotal role in the

advancement of electric power systems and

emerging energy technologies. However, the

deterioration of dielectric performance in energy

storage materials at elevated temperatures

represents a significant challenge. In this study,

organic electron-scattering agents into

polyetherimide (PEI) are 
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It has been reported that small amount of Mn doping

decreased the grain size and hence improved the

energy storage performance of ceramics

prominently. 17-19 Zhou et al. investigated the

effect of Mn doping on the energy storage

properties of Ba 0.8 Sr 0.2 TiO 3 ceramics and

reported W rec of 0.388 J cm ???3 with a lower ??

of 54% at 110 kV cm 

Dielectric polymers are widely used in electrostatic

energy storage but suffer& nbsp;from low energy

density and efficiency at elevated temperatures.

Here, the authors show that& nbsp;all-organic 

The low energy storage density due to low P max

and ?u r ensures a low volumetric efficiency for any

device but linear dielectrics with higher values of P

max and permittivity (>500) would constitute a

breakthrough in dielectric technology. 18
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Many mainstream dielectric energy storage

technologies in the emergent applications, such as

renewable energy, electrified transportations and

advanced propulsion systems, are usually required

to 

The chapter reviews the energy???storage

performance in four kinds of inorganic compounds,

namely, simple metal oxides, antiferroelectrics

(AFEs), dielectric glass???ceramics, and relaxor

ferroelectrics.

Researchers have developed an advanced

dielectric capacitor using nanosheet technology,

providing unprecedented energy storage density

and stability. This breakthrough could significantly

enhance renewable energy usage and electric

vehicle production.
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Different from traditional dielectric capacitors that

only rely on polarization charges for energy storage,

this work designs an intermediate band ferroelectric

Bi 2 W 0.94 Ni 0.06 O 6-?? (BWNO) flexible film

capacitor with strong photoelectric effect for

collaborative energy storage by photoelectrons and

polarization charges. Intermediate band as a

springboard makes the ???

, 17, 2277 5 of 28 2.3.3. Dielectric Breakdown

Strength The energy storage response of ceramic

capacitors is also in ???uenced by the Eb, as the

Wrec is proportional to the E, as can be seen in

Equation (6) [29].The BDS is de???ned as the

The demand for high-temperature dielectric

materials arises from numerous emerging

applications such as electric vehicles, wind

generators, solar converters, aerospace power

conditioning, and downhole oil and gas explorations,

in which the power systems and electronic devices

have to operate at elevated temperatures. This

article presents an overview of recent ???
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The futuristic technology demands materials

exhibiting multifunctional properties. Keeping this in

mind, an in-depth investigation and comparison of

the dielectric, ferroelectric, piezoelectric, energy

storage, electrocaloric, and piezocatalytic properties

have been carried out on Ba 0.92 Ca 0.08 Zr 0.09 Ti

0.91 O 3 (BCZT) and Ba 0.92 Ca 0.08 Sn 0.09 Ti

0.91 O 3 ???

to improve the energy storage performance. The

idea of dielectric energy storage originates back to

1960s,12 when high-polarization (?u r > 1000, P

>25? 1/4 Ccm ???2) perovskite ferroelectrics (FEs),

e.g. BaTiO 3 (BTO), PbTiO 3 (PTO) and Pb(Zr,Ti)O

3 (PZT), were discovered and studied in detail. It

was revealed that BTO ceramics could exhibit U e 

Li, D. et al. Progress and perspectives in dielectric

energy storage ceramics. J. Adv.  State Key

Laboratory of Advanced Technology for Materials

Synthesis and Processing, Center of Smart 
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The dielectric energy storage performance of

HBPDA-BAPB manifests better temperature stability

than CBDA-BAPB and HPMDA-BAPB from RT to

200 ?C, mainly due to the exceptionally high and

stable charge???discharge efficiency of >98.5 %.

This allows HBPDA-BAPB to have a relatively low

energy loss density within a wide operating

temperature range.

Compared with traditional energy storage

technologies, mobile energy storage technologies

have the merits of low cost and high energy

conversion efficiency, can be flexibly located, and

cover a large range from miniature to large systems

and from high energy density to high power density,

although most of them still face challenges or

technical 

Cho S, Yun C, Kim YS, Wang H, Jian J, Zhang W,

Huang J, Wang X, Wang H, MacManus-Driscoll JL.

Strongly enhanced dielectric and energy storage

properties in lead-free perovskite titanate thin films

by alloying.  Nanjing University of Science and

Technology, Nanjing, 210094, China. Qiu-Ying Xia,

He Zhu & Si Lan. Department of Physics, City 
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The lead-free Ba(Zr0.2,Ti0.8)O3 films also show

excellent dielectric and energy storage performance

over a broad frequency and temperature range.

These findings may enable broader applications of

dielectric capacitors in energy storage, conditioning,

and conversion.

Furthermore, DOE's Energy Storage Grand

Challenge (ESGC) Roadmap announced in

December 2020 11 recommends two main cost and

performance targets for 2030, namely, $0.05(kWh)

???1 levelized cost of stationary storage for long

duration, which is considered critical to expedite

commercial deployment of technologies for grid

storage, and a ???

Polar polymers (i.e., PVDF and its copolymers) and

polar ceramics (i.e., piezoelectrics and

ferroelectrics) are provoking many research

activities in dielectric composites for energy storage

and conversion technologies.
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