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(C) 2025 PV Storage Systems

Are phase change materials suitable for thermal energy storage? Phase
change materials (PCMs) having a large latent heat during solid-liquid
phase transition are promisingfor thermal energy storage applications.
However,the relatively low thermal conductivity of the majority of
promising PCMs (<10 W/(m ??7? K)) limits the power density and overall
storage efficiency.

What is thermal management using phase change materials (PCMs)?
Thermal management using phase change materials (PCMs) is a
promising solution for cooling and energy storage7,8,where the PCM
offers the ability to store or release the latent heat of the material.

What are phase change materials? Phase change materials are renowned
for their ability to absorb and release substantial heat during phase
transformationsand have proven invaluable in compact thermal energy
storage technologies and thermal management applications.

Can biobased phase change materials revolutionise thermal energy
storage? Low,medium-low,medium,and high temperature applications. An
upcoming focus should be life cycle analyses of biobased phase change
materials. Harnessing the potential of phase change materials can
revolutionise thermal energy storage,addressing the discrepancy between
energy generation and consumption.

Are phase change materials sustainable? Present-day solutions mainly
comprise of non-renewable phase change materials,where cyclability and
sustainability concerns are increasingly being discussed. In pursuit of
sustainable energy models,phase change material research has shifted
towards biobased materials.
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How does a PCM control the temperature of phase transition? By
controlling the temperature of phase transition,thermal energycan be
stored in or released from the PCM efficiently. Figure 1 B is a schematic of
a PCM storing heat from a heat source and transferring heat to a heat
sink.

Research on phase change material (PCM) for thermal energy storage is
playing a significant role in energy management industry. However, some
hurdles during the storage of energy have been perceived such as less
thermal conductivity, leakage of PCM during phase transition,
flammability, and insufficient mechanical properties. For overcoming such
obstacle, ???

Phase change materials (PCMs) that melt to store energy and solidify to
release heat are widely applied in battery thermal management. Heat
storage performance of PCM is vital to cool battery as excess heat
generated by working battery can be stored via melting [7], [8].Specifically,

PCM with remarkable energy storage performance exhibits high thermal
???

In order to maintain thermal comfort in the human body, photothermal
conversion and energy storage microcapsules were designed, developed,
and applied in a light-assisted thermoregulatory system. The octyl stearate
as a phase change material (PCM) was encapsulated using a
polytrimethylolpropane triacrylate (PTMPTA)/polyaniline (PANI) ???

Apart from hot thermal energy storage, PCMs also offer a promising
solution to cold storage as well. Cold thermal energy storage (CTES)
using PCMs is a well-studied field and commercial products with operating
temperature ranging from -37 to 4 ?C are manufactured by Rubitherm(R)
Technologies GmbH [111], Entropy Solutions LLC.
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Thermal management with phase change material for a power battery
under cold temperatures. Energy Sources, Part A, 36 (20) (2014), pp.
2287-2295. Investigation on battery thermal management based on
phase change energy storage technology. Heat Mass Transf., 1-14 (2021)
Google Scholar [18]

Phase change material-based thermal energy storage Tianyu Yang,
1William P. King,,2 34 5 *and Nenad Miljkovic 6 SUMMARY Phase
change materials (PCMs) having a large latent heat during solid-liquid
phase transition are promising for thermal energy stor-age applications.
However, the relatively low thermal conductivity

Applications of Phase Change Thermal Energy Storage. Phase change
thermal energy storage finds applications in several fields: Building Energy
Management: PCTES can be utilized to maintain comfortable room
temperatures and reduce the load on conventional cooling and heating
systems. PCM materials can be integrated into building structures like

We report design guidelines for integrating our approach in thermal
management and thermal energy storage applications. Currently,
solar-thermal energy storage within phase-change materials relies on
adding high thermal-conductivity fillers to improve the
thermal-diffusion-based charging rate, which often leads to limited
enhancement of

Phase change materials (PCMs) have shown great promise in solar
energy storage and thermal management of buildings. Nevertheless, the
solid-liquid PCMs currently used in these applications face multiple
challenges that need to be addressed, such as inadequate solar
absorption capacity, leakage issues, and low phase change enthalpy.
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Energy crisis and environmental problem caused by traditional energy
consumption have received considerable critical attention, so the
exploration of energy-saving and environmentally friendly material is
becoming more and more important [1,2,3,4,5] order to solve this problem,
phase change materials (PCMs) are suggested due to their superior ???

Thermal management has become a crucial problem for
high-power-density equipment and devices. Phase change materials
(PCMs) have great prospects in thermal management applications
because of their large capacity of heat storage and isothermal behavior
during phase transition. However, low intrinsic thermal conductivity, ease
of leakage, and lack ???

Paraffins are useful as phase change materials (PCMs) for thermal energy
storage (TES) via their melting transition, T mpt.Paraffins with T mpt
between 30 and 60 ?C have particular utility in improving the efficiency of
solar energy capture systems and for thermal buffering of electronics and
batteries. However, there remain critical knowledge gaps ???

In summary, this paper has reported on a novel shape-remodeled PCM
macrocapsule for thermal energy storage and thermal management. The
main results could be concluded in the following. Review on thermal
energy storage with phase change: materials, heat transfer analysis and
applications. Appl Therm Eng, 23 (2003), pp. 251-283.

The heat absorbed and released during the phase transition is much
larger than the sensible thermal energy storage. Generally, when a phase
change material transforms from one phase state to another, a large
amount of heat is absorbed or released in the environment. During phase
change, the temperature remains basically constant.
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Among the many energy storage technology options, thermal energy
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1\;[' i=i7 " |z storage (TES) is very promising as more than 90% of the world's primary
\: 1 | energy generation is consumed or wasted as heat. 2 TES entails storing
R |/ )1511H —

lE M ‘ J 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
2?7

Thermal energy storage (TES) is essential for solar thermal energy
systems [7].Photothermal materials can effectively absorb solar energy
and convert it into heat energy [8], which has become a research

hotspot.Phase change materials (PCM) with high energy density and heat
absorption and release efficiency [9], have been widely used in many
fields as ???

Despite phase change materials" promising properties for thermal
management, their application can be hindered by challenges regarding
leakage and low thermal conduction. Here, authors report

iy Among the various thermal energy storage methods, phase change
I . materials (PCM)-based latent heat storage is one of the most efficient

BB

oW DH . f technologies being actively pursued owing to its operational simplicity and

g@_ﬁ‘w qﬁﬁ _ comparable energy storage density [13]. As thermal storage materials,

% “ PCMs are capable of reversibly harvesting large amounts of thermal

o The intrinsically low thermal conductivity (0.13???0.19 Wm ???1 K ???1)

; E Y 3 X( of PEG is another barrier limiting its commercial applications [[27], [28],

: g' ;‘N 2 h [29]].High thermal conductivity can promote the energy storage efficiency
—— T of the PCMs, thus realizing fast thermal response and improved working
e — efficiency of the PCMs.

(C) 2025 PV Storage Systems 5/8 Web: https://www.twojaelektryka.com.pl



pos
t"a'-::.,;'.- SOLAR ro.

PHASE CHANGE ENERGY STORAGE ”
THERMAL MANAGEMENT

=\ claw /

=

(C) 2025 PV Storage Systems

Phase Change Materials for Thermal Energy Management and Storage:
Fundamentals and Applications provides the latest advances in thermal
energy applications of phase change materials (PCMs) introduces
definitions and offers a brief history, and then delves into preparation
techniques, thermophysical properties and heat transfer characteristics
with ?2?2?

Review on thermal energy storage with phase change materials and
applications. Renew. Sustain. Energy Rev., 13 (2) (2009), pp. 318-345.
Form-stable and thermally induced flexible composite phase change
material for thermal energy ???

Energy Conversion and Management. Volume 45, Issues 9?7?10, June
2004, Pages 1597-1615. Review. A review on phase change energy
storage: materials and applications. 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

Phase change materials (PCMs) are often used for thermal management
systems. A PCM is a substance that absorbs/releases sufficient energy
upon undergoing phase transition for providing useful cooling/heating.
Thermal management is required for various mechanical and industrial
processes, structures, buildings, and, for that matter, even our bodies.

Phase change materials possess the merits of high latent heat and a small
range of phase change temperature variation. Therefore, there are great
prospects for applying in heat energy storage and thermal management.
However, the commonly used solid-liquid phase change materials are
prone to leakage as the phase change process occurs.

6/8 Web: https://www.twojaelektryka.com.pl



[N
t’f:',;'. SOLAR :ro.

PHASE CHANGE ENERGY STORAGE ”
THERMAL MANAGEMENT

(C) 2025 PV Storage Systems

n

Phase change material (PCM), the substance that can absorb or release
large latent heat of fusion at fairly constant temperature during its phase
transition, has received great interest in many applications such as
thermal energy storage (TES) and thermal management (TM) [1]. TES
can provide solutions in the fields such as solar thermal energy

Therefore, the development of energy storage materials is crucial.
Thermal energy storage (TES) systems based on phase change materials
(PCMs) have increased in prominence over the past two decades, not
only because of their outstanding heat storage capacities but also their
superior thermal energy regulation capability.

Phase change materials (PCMs) can enhance the performance of energy
systems by time shifting or reducing peak thermal loads. The
effectiveness of a PCM is defined by its energy and power density???the
total available storage capacity (kWh m ???3) and how fast it can be
accessed (kW m ???3).These are influenced by both material properties
as well as geometry of the energy ???

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

Experimental investigation on battery thermal management using phase
change materials with different arrangement schemes. Appl. Therm. Eng.,
255 (2024), Article 123991. Battery thermal management with thermal
energy storage composites of PCM, metal foam, fin and nanoparticle. J.
Energy Storage, 28 (2020) 01/23. Google Scholar
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This book presents a comprehensive introduction to the use of
solid???liquid phase change materials to store significant amounts of
energy in the latent heat of fusion. The proper selection of materials for
different applications is covered in detail, as is the use of high conductivity
additives to enhance thermal diffusivity. Dr.

A novel thermoplastic polyurethane (TPU) PCFs possessing a high loaded
ratio and high elasticity was simply prepared by vacuum absorption
following wet spinning, then coated by waterborne polyurethane (WPU).
Octadecane (OCC), hexadecanol (HEO), and stearic acid (SA), which
have different tendencies to form hydrogen bonds with TPU, were
selected ???

Phase change materials (PCMs) have been extensively explored for latent
heat thermal energy storage in advanced energy-efficient systems.
Flexible PCMs are an emerging class of materials that can withstand
certain deformation and are capable of making compact contact with
objects, thus offering substantial potential in a wide range of smart
applications.
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