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Energy security and environmental concerns are driving a lot of research projects to improve energy

efficiency, make the energy infrastructure less stressed, and cut carbon dioxide (CO2) emissions. One research

goal is to increase the effectiveness of building heating applications using cutting-edge technologies like solar

collectors and heat pumps. ...

A PCM is typically defined as a material that stores energy through a phase change. In this study, they are

classified as sensible heat storage, latent heat storage, and thermochemical storage materials based on their

heat absorption forms (Fig. 1).Researchers have investigated the energy density and cold-storage efficiency of

various PCMs [[1], [2], [3], [4]].

As an advanced energy storage technology, the compressed CO2 energy storage system (CCES) has been

widely studied for its advantages of high efficiency and low investment cost. However, the current literature

has been mainly focused on the TC-CCES and SC-CCES, which operate in high-pressure conditions,

increasing investment costs and ...

A promising technology of cold energy storage using phase change materials to cool tunnels with geothermal

hazards. ... frequent malfunctions of mechanical devices, and increased accident rates, etc. [8, [10], [11] ... The

fundamental principles of this technology are illustrated in Fig. 2. The specific working principles are as

follows: the ...

Thermal energy storage (TES) using phase change materials (PCMs) is an innovative approach to meet the

growth of energy demand. Microencapsulation techniques lead to overcoming some drawbacks of PCMs and

enhancing their performances. This paper presents a comprehensive review of studies dealing with PCMs

properties and their encapsulation ...

However, sensible heat storage also has disadvantages, such as low heat storage density and high heat loss.

Latent heat storage is also known as energy stored by phase change [6]. Latent heat storage has a higher

energy density than sensible heat storage, and PCMs can store 5-14 times more heat than sensible heat [7].

Latent heat storage ...

This kind of principle has been applied to phase change materials in either metal or organic/inorganic

materials [56, 88]. ... etc, where nearly 3 times ... phase change composites energy storage system with the

cascaded latent heat system have been designed to reach the maximum efficiency of thermal energy storage

system ...

In recent years, phase change materials have played an important role in the field of energy storage because of
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their flexibility and high efficiency in energy storage and release. However, most phase change processes are

unsteady and highly nonlinear. The ways to obtain exact solutions are urgently needed.

The materials used for latent heat thermal energy storage (LHTES) are called Phase Change Materials (PCMs)

[19]. PCMs are a group of materials that have an intrinsic capability of absorbing and releasing heat during

phase transition cycles, which results in the charging and discharging [20].

Energy storage technologies include sensible and latent heat storage. As an important latent heat storage

method, phase change cold storage has the effect of shifting peaks and filling valleys and improving energy

efficiency, especially for cold chain logistics [6], air conditioning [7], building energy saving [8], intelligent

temperature control of human body [9] ...

1.2 Types of Thermal Energy Storage. The storage materials or systems are classified into three categories

based on their heat absorbing and releasing behavior, which are- sensible heat storage (SHS), latent heat

storage (LHS), and thermochemical storage (TC-TES) [].1.2.1 Sensible Heat Storage Systems. In SHS,

thermal energy is stored and released by ...

The thermal energy storage systems with phase change material have been extensively covered over the years,

but it is believed that due to their versatility and the increasing interest caused by the energy crisis, a new

review is needed. ... etc. The fundamental principle of this numerical method is that the fluid is discretized into

small ...

The development of materials that reversibly store high densities of thermal energy is critical to the more

efficient and sustainable utilization of energy. Herein, we investigate metal-organic compounds as a new class

of solid-liquid phase-change materials (PCMs) for thermal energy storage. Specifically, we show that

isostructural series of divalent metal amide ...

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 charging speed ...

Energy storage technology has greater advantages in time and space, mainly include sensible heat storage,

latent heat storage (phase change heat storage) and thermochemical heat storage. The formula (1-1) can be

used to calculate the heat [2]. Sensible heat storage method is related to the specific heat capacity of the

materials, the larger the ...

The general heat storage process does not involve a change in phase state. As the phase change occurs under

isothermal or near isothermal conditions, this allows phase change energy storage to provide a constant output

temperature and heat flow. For latent heat storage systems based on PCMs, the storage capacity is given by

Eq. (1) [38]:
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The principle of compound ratio between organic phase change materials is reviewed. ... As a kind of phase

change energy storage materials, organic PCMs (OPCMs) have been widely used in solar energy, building

energy conservation and other fields with the advantages of appropriate phase change temperature and large

latent heat of phase change ...

Concentrated solar power (CSP) technologies are seen to be one of the most promising ways to generate

electric power in coming decades. However, due to unstable and intermittent nature of solar energy

availability, one of the key factors that determine the development of CSP technology is the integration of

efficient and cost-effective thermal energy ...

With the rapid developments in the industry and technology, the energy need is increasing. 80% of the CO 2

emission in the atmosphere is caused by the use of fossil based fuel and this situation has a serious impact on

climate change. Therefore, energy researchers/engineers mainly work on the development and improvement of

the techniques in ...

The selection of cold storage materials plays a vital role in ensuring the energy efficiency of cold storage

devices [22], [23].To achieve efficient cold storage in various scenarios, it is crucial to prioritize the

development of materials that possess a suitable temperature range (TR) and high cold storage density [24],

[25]  general, the cold chain for perishable products ...

The principles of several energy storage methods and calculation of storage capacities are described. ... ocean

waves, wind, biogas, etc. have been playing a major role in reforming the natural balance and providing the

needs ... Al-Hallaj S (2004) Areview on phase change energy storage: materials and applications. Energy

Convers Manage 2004(45 ...

LHTES units use phase change materials (PCMs), which, through charging and discharging, store energy in

the form of thermal energy. LHTES devices are more practical than alternative approaches because of their

increased heat storage capacity, a sizable array of PCMs, and virtually isothermal behavior.

In the conventional single-stage phase change energy storage process, the energy stored using the latent heat

of PCM is three times that of sensible heat stored, which demonstrated the high efficiency and energy storage

capacity of latent energy storage, as depicted in Fig. 3 a. However, when there is a big gap in temperature

between the PCM ...

Exploiting and storing thermal energy in an efficient way is critical for the sustainable development of the

world in view of energy shortage [1]  recent decades, phase-change materials (PCMs) is considered as one of

the most efficient technologies to store and release large amounts of thermal energy in the field of architecture

and energy conversion [2].
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