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What is energy storage? Energy storage is a technology that holds energy
at one time so it can be used at another time. Building more energy
storage allows renewable energy sources like wind and solar to power
more of our electric grid.

What is the future of energy storage? Storage enables electricity systems
to remain in balance despite variations in wind and solar availability,
allowing for cost-effective deep decarbonization while maintaining
reliability. The Future of Energy Storage report is an essential analysis of
this key component in decarbonizing our energy infrastructure and
combating climate change.

Should energy storage systems be mainstreamed in the developing
world? Making energy storage systems mainstream in the developing
world will be a game changer. Deploying battery energy storage systems
will provide more comprehensive access to electricity while enabling much
greater use of renewable energy,ultimately helping the world meet its Net
Zero decarbonization targets.

Why do we need energy storage? As the cost of solar and wind power has
in many places dropped below fossil fuels,the need for cheap and
abundant energy storage has become a key challenge for building an
energy system that does not emit greenhouse gases or contribute to
climate change.

How can energy be stored? Energy can also be stored by making
fuelssuch as hydrogen,which can be burned when energy is most needed.
Pumped hydroelectricity,the most common form of large-scale energy
storage,uses excess energy to pump water uphill,then releases the water
later to turn a turbine and make electricity.
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Why do we need a co-optimized energy storage system? The need to
co-optimize storage with other elements of the electricity system,coupled
with uncertain climate change impacts on demand and supply,necessitate
advances in analytical tools to reliably and efficiently plan,operate,and
regulate power systems of the future.

Xiaolin et al. [189] studied battery storage and phase change cold storage
for photovoltaic cooling systems at three different locations, CO 2 clathrate
hydrate is reported as the most promising cold energy storage media
comparatively with ice and capric acid-lauric acid eutectic mixture for PV
cooling systems.

Thermal energy storage technology can improve thermal energy utilization
efficiency, and it plays a key role in the development of renewable energy
[7].Among the three heat storage methods, including sensible heat, latent
heat, and chemical energy, latent heat storage technology has the unique
advantages of high heat storage density and nearly a?|

To meet the demands of the global energy transition, photothermal phase
change energy storage materials have emerged as an innovative solution.
These materials, utilizing various photothermal conversion carriers, can
passively store energy and respond to changes in light exposure, thereby
enhancing the efficiency of energy systems.

The energy storage characteristic of PCMs can also improve the
contradiction between supply and demand of electricity, to enhance the
stability of the power grid [9]. Traditionally, water-ice phase change is
commonly used for cold energy storage, which has the advantage of high
energy storage density and low price [10].

Thermal storage is very relevant for technologies that make thermal use of
solar energy, as well as energy savings in buildings. Phase change
materials (PCMs) are positioned as an attractive alternative to storing
thermal energy. This review provides an extensive and comprehensive
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overview of recent investigations on integrating PCMs in the following low
a?|
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The optimization indexes of the phase change energy storage systems in
each climate zone under the full-load operation strategy are shown in Fig.
9. As can be seen from the figure, the energy savings of the phase
change energy storage CCHP systems in all five cities are obtained under
the full-load operation strategy.

Thermal energy storage can shift electric load for building space
conditioning 1,2,3,4, extend the capacity of solar-thermal power plants 5,6,
enable pumped-heat grid electrical storage 7,8,9,10

In the context of dual-carbon strategy, the insulation performance of the
gathering and transportation pipeline affects the safety gathering and
energy saving management in the oilfield production process. PCM has
the characteristics of phase change energy storage and heat release,
combining it with the gathering and transmission pipeline not only
improves a?|

Box-type phase change energy storage thermal reservoir phase change
materials have high energy storage density; the amount of heat stored in
the same volume can be 5a??15 times that of water, and the volume can
also be 3a??10 times smaller than that of ordinary water in the same
thermal energy storage case [28]. Compared to the building phase

Energy storage is the capture of energy produced at one time for use at a
later time [1] Materials used in LHTESSs often have a high latent heat so
that at their specific temperature, the phase change absorbs a large
amount of energy, much more than sensible heat. [39]
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The study of PCMs and phase change energy storage technology
(PCEST) is a cutting-edge field for efficient energy storage/release and
has unique application characteristics in green and low-carbon
development, as well as effective resource recycling. The primary
research on PCMs and PCEST closely follows the application needs and
is motivated

Phase change materials (PCMs) constitute the core of latent thermal
energy storage, and the nature of PCMs directly determines the energy
storage efficiency and engineering applications of LHS. Fig. 1 shows the
commonly available PCMs, namely, solida??liquid, solida??gas,
solida??solid, and liquida??gas.

The global energy transition requires new technologies for efficiently
managing and storing renewable energy. In the early 20th century,
Stanford Olshansky discovered the phase change storage properties of
paraffin, advancing phase change materials (PCMs) technology
[].Photothermal phase change energy storage materials (PTCPCESMSs),
as aa?|

In the context of the global call to reduce carbon emissions, renewable
energy sources such as wind and solar will replace fossil fuels as the main
source of energy supply in the future [1, 2].However, the inherent
discontinuity and volatility of renewable energy sources limit their ability to
make a steady supply of energy [3].Thermal energy storage (TES)
emerges as a?|

Europe and China are leading the installation of new pumped storage
capacity a?? fuelled by the motion of water. Batteries are now being built
at grid-scale in countries including the US, Australia and Germany.
Thermal energy storage is predicted to triple in size by 2030. Mechanical
energy storage harnesses motion or gravity to store electricity.
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The current energy crisis has prompted the development and utilization of
renewable energy and energy storage material. In this study, levulinic acid
(LA) and 1,4-butanediol (BDO) were used to synthesize a novel levulinic
acid 1,4-butanediol ester (LBE) by both enzymatic and chemical methods.
The enzymatic method exhibited excellent a?|

Deployment of energy storage can increase access to and deliver benefits
for low-income communities and communities historically overburdened
with the impacts of pollution and climate change. A key benefit of energy
storage is its ability to provide the grid services currently fulfilled by fossil
fuel peaker plantsa??or "peakers"a?? that

Latent heat energy-storage is a commonly used heat energy-storage
method in buildings (Zhussupbekov et al., 2023; Zahir et al., 2023).
Phase-change materials (PCMs) are environmentally-friendly materials
with the function of latent heat energy-storage.

Thermal storage can be categorized into sensible heat storage and latent
heat storage, also known as phase change energy storage [16] sensible
heat storage (Fig. 1 al), heat is absorbed by changing the temperature of
a substance [17].When heat is absorbed, the molecules gain kinetic and
potential energy, leading to increased thermal motion and a?|

Compared with non-phase change thermal energy storage in A-CAES,
high heat storage density and temperature stability of phase change
materials (PCMs) make it superior to the former [17], [18], [19].When
PCMs go through a change in physical state, a large amount of latent heat
is stored or released and there is no change of temperature.

Materials to be used for phase change thermal energy storage must have
a large latent heat and high thermal conductivity. They should have a
melting temperature lying in the practical range of operation, melt
congruently with minimum subcooling and be chemically stable, low in
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cost, non-toxic and non-corrosive.
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1. Introduction. The burning of fossil fuels pollutes the atmosphere, and
utilizing renewable energy is needed to minimize such impacts. Thermal
energy storage (TES) using PCM can store solar energy for later use that
is employable in buildings, solar systems, and heat energy recovery
systems [1], [2], [3].Latent heat thermal energy storage (LHTES) stores
5a??14 a?|

Among the many energy storage technology options, thermal energy
storage (TES) is very promising as more than 90% of the world's primary
energy generation is consumed or wasted as heat. 2 TES entails storing
energy as either sensible heat through heating of a suitable material, as
latent heat in a phase change material (PCM), or the heat of a reversible
a?|

Photothermal phase change energy storage materials show immense
potential in the fields of solar energy and thermal management,
particularly in addressing the intermittency issues of solar power

The phase change heat transfer process has a time-dependent solid-liquid
interface during melting and solidification, where heat can be absorbed or
released in the form of latent heat [].A uniform energy equation is
established in the whole region, treating the solid and liquid states
separately, corresponding to the physical parameters of the PCMs in the
solid and a?|

Phase change materials (PCMs) have attracted tremendous attention in
the field of thermal energy storage owing to the large energy storage
density when going through the isothermal phase transition process, and
the functional PCMs have been deeply explored for the applications of
solar/electro-thermal energy storage, waste heat storage and utilization,
a?|
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Thermal energy storage (TES) techniques are classified into
thermochemical energy storage, sensible heat storage, and latent heat
storage (LHS). [ 1 - 3] Comparatively, LHS using phase change materials
(PCMs) is considered a better option because it can reversibly store and
release large quantities of thermal energy from the surrounding

Thermal energy storage can be categorized into different forms, including

ch | sensible heat energy storage, latent heat energy storage, thermochemical
=2 , 0 o

qal A energy storage, and combinations thereof [[5], [6], [7]].Among them, latent
?@t E | heat storage utilizing phase change materials (PCMs) offers advantages

such as high energy storage density, a wide range of a?|

Phase change energy storage technology (PCEST) can improve energy

¥ utilization efficiency and solve the problem of fossil energy depletion.
Phase change materials (PCMs) are a critical factor in the development of
PCEST. Solid waste is a dislocation resource, and its comprehensive
utilization has always attracted much attention.
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