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1 INTRODUCTION. Rechargeable batteries have popularized in smart electrical energy storage in view of
energy density, power density, cyclability, and technical maturity. 1-5 A great success has been witnessed in
the application of lithium-ion (Li-ion) batteries in electrified transportation and portable electronics, and
non-lithium battery chemistries emerge as alternativesin speciad ...

The gel-state or solid-state polymer-based electrolytes also act as a separator in flexible energy storage
devices. Figure 4. Open in figure viewer ... The film composites based on nanocellulose are significantly
promising in flexible electrodes/separators for energy storage devices. The unique structures and properties of
nanocellulose may ...

Electrochemical energy storage devices such as fuel cells, solar cells, rechargeable batteries, supercapacitors,
etc. are paving their way fast to meet this clean energy demand [1]. ... Schematic depiction of conventional
and flexible supercapacitors structure. (b) ...

In recent years, the growing demand for increasingly advanced wearable electronic gadgets has been
commonly observed. Modern society is constantly expecting a noticeable development in terms of smart
functions, long-term stability, and long-time outdoor operation of portable devices. Excellent flexibility,
lightweight nature, and environmenta ...

To date, extensive efforts have been dedicated toward developing electrochemica energy storage devices for
flexible/wearables, ... 9.4.1 Device Structures of Printed Supercapacitors. The device structure has a great
influence on the performance of supercapacitorss, which can be easily tuned by the printing methods. ...

a variety of thin mechanically flexible energy storage devices. Nanoporous cellulose paper embedded with
aligned carbon nano tube electrode and electrolyte constitutes the basic unit. The units are used to build
various flexible supercapacitor, battery, hybrid, and dual-storage battery-in-supercapacitor devices. The thin
free

for Flexible Energy Storage Devices Lijuan Mao, Qinghai Meng, Aziz Ahmad, and Zhixiang Wei* DOI:
10.1002/a2enm.201700535 ... around the entire structure after applying an external bending motion on devices.
Then, interior stressis produced to resist shape variation. Given that the non-uniform position easily local-

the device structure, and the corresponding fabrication techniques as well as applications of the flexible energy
storage devices. Finally, the limitations of materials and preparation methods, the functions, and the working
conditions of devices in the future were discussed and presented. KEY WORDS electrode, el ectronics, energy
storage device ...
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This strategy is further demonstrated in other substrates, showing general applicability and great potential in
the development of flexible energy storage devices. 1 Introduction The rising demand for flexible electronics
has been driving the pursuit of flexible batteries with high bending- or folding tolerance.

To fulfill flexible energy-storage devices, much effort has been devoted to the design of structures and
materials with mechanical characteristics. This review attempts to critically review the state of the art with
respect to materials of electrodes and €electrolyte, the device structure, and the corresponding fabrication
techniques aswell ...

Wearable electronics are expected to be light, durable, flexible, and comfortable. Many fibrous, planar, and
tridimensional structures have been designed to realize flexible devices that can sustain geometrical
deformations, such as bending, twisting, folding, and stretching normally under the premise of relatively good
electrochemical performance and mechanical ...

This characteristic can aid in heat dissipation during energy storage procedures, enhancing flexible energy
storage devices' thermal management and lowering the possibility of overheating. h. Environmental
compatibility: Given the abundance of carbon in nature, carbon-based nanomaterials are sustainable and
favorable to the environment.

Tolerance in bending into a certain curvature is the major mechanical deformation characteristic of flexible
energy storage devices. Thus far, several bending characterization parameters and various mechanical methods
have been proposed to evaluate the quality and failure modes of the said devices by investigating their bending
deformation ...

The emergence of multifunctional wearable electronics over the past decades has triggered the exploration of
flexible energy storage devices. As an important component of flexible batteries, novel electrodes with good
flexibility, mechanical stability and high energy density are required to adapt to mechanic Horizons
Community Board collection: new trendsin energy ...

To meet the rapid development of flexible, portable, and wearable electronic devices, extensive efforts have
been devoted to develop matchable energy storage and conversion systems as power sources, such as flexible
lithium-ion batteries (L1Bs), supercapacitors (SCs), solar cells, fuel cells, etc. Particularly, during recent years,
exciting works have been done to explore more ...

Furthermore, to simplify the structure of whole device, a flexible integrated Li-S batteries on the basis of
RGO/S on a polypropylene ... Flexible energy storage devices are increasingly capturing worldwide attentions
due to their promising potential to be integrated with flexible portable and wearable electronics. The
electrochemical ...

With the rapid advancements in flexible wearable electronics, there is increasing interest in integrated
electronic fabric innovations in both academia and industry. However, currently developed plastic board-based
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batteries remain too rigid and bulky to comfortably accommodate soft wearing surfaces. The integration of
fabrics with energy-storage devices ...

With its layered or planar structure, 2D configuration devices can obtain great flexibility and high energy
density. Based on their comparable configurations with commercial batteries/supercapacitors, it is much easier
to realize large-scale production and more convenient to integrate with other flexible/stretchable functional
devices, such as ...

For sustainable living and smart cities, the decarbonization of society is a central aim of energy research.
Clean energy plays a key role in achieving global net-zero targets due to its direct decarbonization via
electrification of buildings and transportation [1], [2] telligently using renewable energy sources like solar,
wind, thermal, and mechanical is apromising option to ...

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 externa ...

Flexible fiber energy storage devices including electrochemical capacitors and LIBs, as well as integrated
wire-shaped energy systems that have arisen in the past several years have been summarized systematically,
with special emphasis on the design of fiber electrodes, structure construction, electrochemical properties and
mechanical stability ...

Energy density (E), also called specific energy, measures the amount of energy that can be stored and released
per unit of an energy storage system [34].The attributes "gravimetric" and "volumetric" can be used when
energy density is expressed in watt-hours per kilogram (Wh kg -1) and watt-hours per liter (Wh L -1),
respectively.For flexible energy storage ...
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