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Structural energy storage composites, which combine energy storage
capability with load-carrying function, are receiving increasing attention for
potential use in portable electronics, electric

'-'-i‘i; Even though each thermal energy source has its specific context, TES is a
,\ Wi = I critical function that enables energy conservation across all main thermal
e i ,'ﬂ energy sources [5] Europe, it has been predicted that over 1.4 x 10 15
J ’ QU Whlyear can be stored, and 4 x 10 11 kg of CO 2 releases are prevented
- in buildings and manufacturing areas by extensive usage of heat and ???

Flexible electrochemical energy storage (EES) devices such as lithium-ion
batteries (LIBs) and supercapacitors (SCs) can be integrated into flexible
electronics to provide power for portable and steady operations under
continuous mechanical deformation. We will specially focus on the role of
composite materials for flexible EES device. At

N Flexible energy storage devices have received much attention owing to
their promising applications in rising wearable electronics. By virtue of
: their high designability, light weight, low cost, high stability, and

J mechanical flexibility, polymer materials have been widely used for
_J realizing high electrochemical performance and excellent flexibility of

energy storage ???

Conductive hydrogels (CHs) have shown great potential in smart wearable
E ll 'WORKING PRINCIPLE . - -
' L devices and energy storage due to their unique advantages, such as the

o ‘ﬁLL I mechanical properties and physiological characteristics similar to human
'!ilﬁ A skins and tissues (stretchability, low modulus, flexibility, biocompatibility,
B etc.), the function and structure design with diversity, and the ??7?
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The resulting multifunctional energy storage composite structure exhibited
enhanced mechanical robustness and stabilized electrochemical
performance. It retained 97%???98% of its capacity ???

[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

Carbon nanotubes (CNTSs) are an extraordinary discovery in the area of
science and technology. Engineering them properly holds the promise of
opening new avenues for future development of many other materials for
diverse applications. Carbon nanotubes have open structure and enriched

chirality, which enable improvements the properties and performances
???

Hence, this review is focused on research attempts to shift energy storage
materials toward sustainable and flexible components. We would like to
introduce recent scientific achievements in the application of noncellulosic
polysaccharides for flexible electrochemical energy storage devices as
constituents in composite materials for both

The new methods of energy generation demand functional materials that
are smart and strong for generation and storage of energy. Polymeric
composite materials have been widely used. With the recent material
performance demand, there is a need to improve the properties of the
composite. A fuel cell is an electrochemical cell or device that
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Therefore, in order to better the summary of the MOF derivatives as the
energy storage equipment material of metal oxide composite materials in
the overall research, compare various MOFs derivative and performance
characteristics of metal oxide, so as to promote the new development, this
article summed up as different energy storage devices

Energy storage is the capturing and holding of energy in reserve for later
use. Energy storage solutions include pumped-hydro storage, batteries,
flywheels and compressed air energy storage. Supercapacitors are
electrochemical devices that store energy by collecting electric charges on
electrodes (electrical conductors) filled with an

In recent years, the development of energy storage devices has received
much attention due to the increasing demand for renewable energy.
Supercapacitors (SCs) have attracted considerable attention among
various energy storage devices due to their

To improve further storage ability and stability of these devices,
researchers have explored number of materials like carbon-based
materials, metal oxides, composite, and hybrids etc. which can be used in
the energy storage application and have been discussed in proceeding
sections.

Finally, perspectives and personal insights on the potential applications of

é% - structure-optimized composite films in flexible energy storage devices are
%Ej% sai presented, aiming to furnish a holistic horizon and pave the way for
. %M practical applications of graphene-based composite films. In this context,

advanced flexible energy storage devices with
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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, metal???organic
frameworks, ???

The main energy generation technologies, i.e., photovoltaic panels, wind
turbines, fuel cells, and biogas generators, were analysed and discussed.
The review presented in this article also covers the latest achievements
and prospects for the use of composite materials in energy generation
devices.

Global demands for clean energy storage and delivery continue to push
developing technology to its limits. Batteries and supercapacitors are
among the most promising technologies for electrical

Recently, the three-dimensional (3D) printing of solid-state
electrochemical energy storage (EES) devices has attracted extensive
interests. By enabling the fabrication of well-designed EES device
architectures, enhanced electrochemical performances with fewer safety
risks can be achieved. In this review article, we summarize the 3D-printed
solid-state ??7?
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Energy storage technologies have various applications across different
sectors. They play a crucial role in ensuring grid stability and reliability by
balancing the supply and demand of electricity, particularly with the
integration of variable renewable energy sources like solar and wind
power [2].Additionally, these technologies facilitate peak shaving by
storing ???

Among all flexible energy storage devices, supercapacitors and Li-based
batteries (e.g., Li-ion, Li-S and Li-O 2 batteries) stand out because of their
ease of fabrication, compatibility with other electronic devices and
excellent electrochemical performance. 17, 20-24 They are typically
composed of two electrodes (cathode and anode), separator

Flywheel Energy Storage Systems (FESS) work by storing energy in the
form of kinetic energy within a rotating mass, known as a flywheel. Here's
the working principle explained in simple way, Energy Storage: The
system features a flywheel made from a carbon fiber composite, which is
both durable and capable of storing a lot of energy.

3D electrodes with interconnected and interpenetrating pathways enable
efficient electron and ion transport. In this Review, the design and
synthesis of such 3D electrodes are discussed, along

Composite material: glass & carbon fibers: Electrical machine: Induction
motor, permanent magnet synchronous motor, switch reluctance motor:
The energy storage device is the main problem in the development of all
types of EVs. In the recent years, lots of research has been done to
promise better energy and power densities.
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The emergence of nanostructured and composite materials has resulted in
significant advancements in energy conversion and storage. The design
and development of low-dimensional nanomaterials and composites
include photocatalysts for photoelectrochemical devices for solar fuel

production; semiconductor nanomaterials for new-generation solar cells,
??7?

Energy storage devices are essential to meet the energy demands of
humanity without relying on fossil fuels, the advances provided by
nanotechnology supporting the development of advanced materials to
ensure energy and environmental sustainability for the future. The

Along with increasing energy density, another strategy for reducing battery
weight is to endow energy storage devices with multifunctionality ??? e.g.,
creating an energy storage device that is able to bear structural loads and

act as a replacement for structural components such that the weight of the
overall system is reduced.

As shown in the Fig. 1, the dredger is mainly composed of two diesel
generator sets, two mud pumps, two propellers and other loads.The super
capacitor and the battery constitute a composite energy storage device,
which is connected with the DC bus through a multi-port DC / DC

converter [8,9,10].The stability and economy of the electric propulsion ship
2?7
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