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Abstract : Phase change materials are one of the most suitable materials to effectively utilize the thermal energy from 

renewable energy. This review is based on the thermophysical properties of various phase change materials. In 

particular, the melting point, thermal energy storage density and thermal conductivity of organic, inorganic and 

eutectic phase change materials are the main selection criteria for various thermal energy storage applications over 

a wide operating temperature range..  
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1 Introduction 

Energy is the key condition to bring technology 

Progress and economic development Society around the 

world [1]. Endless consumption Non-renewable 

resources and the escalation of the global situation 

Warming has forced the trend to shift to use Sustainable 

energy [2]. Therefore, it is imperative Explore 

renewable and sustainable resources to meet thermal 

energy conversion and storage requirements. Can 

decarbonize the energy sector by combining renewable 

energy with various Thermal energy storage system 

with round-trip efficiency of > 96% [3].  Currently, 

more than 18% of global energy consumption from 

renewable energy. Renewable energy it is undeniable 

that resources are more favored than the use of non-

renewable energy, because it is long-term availability 

and accessibility of resources and environmental benign 

[4, 5]. Integration/Hybrid Energy systems containing 

different technologies. To reduce peak power demand 

(load balancing) it is being systems deployed in a 

complementary manner. Most of the hybrid power 

system uses auxiliary heater as secondary energy 

carbon-based fuel to overcome intermittent of 

renewable energy [6]. However, yes secondary 

energy/carbon-based fuel can be minimized improve 

efficiency by applying thermal energy storage (TES) 

and a cleaner energy system, which improves reliability 

thermal energy from renewable resources and 

eventually contained global warming [7]. Besides, if 

energy production exceeding energy requirements, TES 

system can be used for storage bridging the demand-

supply gap by providing surplus energy during peak 

power demand [8]. Latent heat storage material is called 

phase change material (PCM). PCM is a group of 

materials with inherent absorption capacity release heat 

during the phase change cycle, thereby during charging 

and discharging. PCM can be organic inorganic or 

eutectic mixture [9]. There are several problems, such 

as low thermal conductivity, poor thermal stability, high 

flammability, undercooling, corrosiveness, and volume 

and pressure changes during phase transitions, and 

leakage of molten PCM around the TES system, which 

limits the commercialization of PCM feasibility [10, 

11]. 

2 Thermal energy storage 

Multiple choices of thermal energy storage can be 

integrated into the energy system including renewable 

energy, such as solar energy, wind energy, geothermal, 
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hydraulic or waste heat recovery. Thermal energy can 

be stored both chemically and physically method. 

2.1 Physical methods 

Heat transfer mechanism leads to storage heat energy 

and ability to maintain heat depends on specific 

thermophysical properties material. Latent heat storage 

(LHS) and sensible heat storage (SHS) is classified as 

physical storage. For SHS, thermal reasons is energy 

storage the temperature of a particular material through 

heat transfer through conduction, convection or 

radiation, while LHS involves accumulation of heat at 

the molecular level in matter make a phase change [12] 

[13]. The heat stored in the SHS depends on the quality, 

heat Gradient between storage material capacity and 

temperature Initial state and final state. The SHS can 

either be done in a solid or liquid storage media. In the 

case of solid-state storage dielectrics, metals and non-

metals are widely used. Non-metallic concrete, rock, 

gravel, brick, marble, granite, sandstone, etc. are 

candidate materials, but their specific heat capacity is 

low, thermal conductivity is the main obstacle to 

reliability this type of storage [14,15]. Copper, 

aluminum, cast iron and other metals iron and pure iron 

and other alloys are suitable for high temperatures SHS, 

but the cost of the TES system with the following 

content is high. These metals are the main obstacles to 

commercialization. Metal and graphite have high 

thermal diffusivity, so suitable for applications 

involving fast charging and discharging, and rocks, 

gravel and stones have low thermal diffusivity, more 

suitable for slow charging and discharging applications 

cycle. The liquid storage medium of SHS includes 

molten salt, water, thermal oil (e.g. Calorie HT43) and 

other commercially available products existing 

products, but low energy storage density and heat 

conductivity limits this type of broad-spectrum 

application TES [16]. The high specific heat capacity of 

water makes it one of the promising candidates for SHS 

for temperatures below 100°C whereas molten salts 

have comparatively desirable thermophysical properties 

and are being adopted for various high temperature TES 

applications. Special measures are to be taken for 

storage assembly to prevent the corrosion, which 

increases the overall cost of the storage system as well 

[17]. The amount of heat stored in LHS depends upon 

the mass and latent heat of fusion of the PCMs. The 

energy storage equation for the PCMs comprises both 

the sensible and latent heat equations as the temperature 

rise of the material leads to the phase transformation. 

The working mechanism of PCMs involves absorption 

of the considerable amount of heat at reaching the phase 

change temperature, which is necessary for phase 

transition and the heat absorbed during this process is 

either called latent heat of vaporization or latent heat of 

fusion depending upon the phase of the material under 

consideration [18]. 

2.2 Chemical methods 

In chemical TES, energy is stored and released due to 

the reversible reaction. Chemical methods of TES are 

classified as sorption storage and thermochemical 

energy storage [19]. The thermochemical energy storage 

comprises solid-gas or liquid-gas or gas phase systems. 

Energy is stored in thermochemical heat storage as a 

result of dissociation reaction which is then recovered in 

a chemically reversible reaction and its thermal cycle 

consists of charging, storing and discharging]. The 

amount of heat stored in thermochemical energy storage 

involving solid-gas phase depends upon the pressure of 

the gas, whereas the heat transfer is far greater in liquid 

solid systems compared to gas-solid systems [20]. They 

have also reported the short-term cyclic stability in the 

Figure 1 Division of latent heat storage systems 



Advances in Thermal Processes  

and Energy Transformation 

 

 

 

8 

 

case of the solid liquid reaction of strontium chloride 

and ammonia for thermochemical heat storage. 

Potential candidates for thermochemical energy storage 

based on solid-gas reversible reactions various metal 

carbonates, oxides, and hydroxides as promising 

thermochemical energy storage materials depending 

upon their operating temperature and reaction enthalpy 

[19].  

2.3 Comparison of thermal energy 

Operating temperature range, storage density, TES 

commercial status/feasibility and durability gives wise, 

potential or chemical energy storage methods in Fig. 3. 

Generally, the storage density of LHS media is higher 

larger enthalpy change than SHS media Phase change, 

but thermochemical energy storage has compared with 

the other two modes, the storage density is the highest.  

 

 
Figure 3 Storage capabilities of PCMs for thermal energy 

storage 

Currently, various thermochemical energy storage 

materials are in use. At the development stage, no such 

system is commercially available. The commercial 

feasibility of LHS is limited by the material 

characteristics, so it is in the development stage 

compared to SHS. This has been largely 

commercialized. 

 

It can be clearly seen from Fig. 3 in contrast, the 

durability of SHS materials is about 20 years. The 

service life of LHS material is a quarter of its service life 

and thermochemical energy storage, about one tenth the 

service life of SHS materials [21]. Among these 

different types of TES, LHS has the most flexible 

operating temperature range, after which a significantly 

lower operating temperature range is used for explicit 

and thermochemical energy storage [33]. Compared 

with latent heat storage technology, the advantage of 

using latent heat is that its TES density is 10 times 

higher and the capacity is 50-150 kWh/t. The round-trip 

efficiency is 75–96% [3]. 

3 Classification of phase change materials 

PCMs can be classified depending upon the phase 

change mechanism and phase transition temperature, as 

show Figure 3. 

3.1 Phase change mechanism 

Due to large volume requirements and volume changes, 

TES systems consisting of liquid-gas or solid-gas phase 

changes are impractical it is related to the phase change 

and high voltage of the system, For example, non-

Figure 2 Materials for thermal energy storage 
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commercial water vapor systems Suitable for large TES. 

For solid-solid PCM, the heat associated with the 

transition from one crystal form of the material to 

another (and vice versa) is the reason for TES. 

Compared with solid-liquid PCM, the phase-change 

heat of solid-solid PCM is relatively small [22]. Most 

PCM considered for TES are solid and liquid. Transition 

materials classified according to the nature of the 

material (e.g. organic, inorganic and eutectic) as shown 

below in Figure 3. Initially, solid-liquid phase change 

materials behaved like SHS materials. After they absorb 

heat, the temperature starts to rise. Different from 

conventional when PCM reaches its phase transition 

temperature, SHS material they continue to absorb heat 

without increasing significantly until all materials are 

turned into liquid phase. When the temperature around 

the melted PCM drops, it solidifies and the stored latent 

heat tends to be released. Organic PCMs used in TES 

are paraffins, alkanes, esters, fatty acids, alcohols and 

various compounds, including ketones, amides, sugars, 

dienes, oily carbonates, etc., while inorganic PCMs can 

be subdivided into salts, hydrates, and metal. Among 

various metal salts (such as carbonate, chloride, 

sulphate, fluoride and nitrate), magnesium chloride 

hexahydrate and sodium sulphate decahydrate are the 

most suitable PCMs. Aluminium alloy used because 

PCM has high thermal reliability for TES applications 

[23]. Special engineering materials with required 

thermophysical properties which characteristics are 

determined by each component mole eutectic point 

derived from its phase diagram is called eutectic PCM 

(EPCM) [23]. EPCM may be composed of a eutectic 

mixture of multiple components, these components are 

organic components, inorganic components or a mixture 

of the two, so they are classified as organic eutectic, 

inorganic eutectic and organic-inorganic eutectic [24]. 

3.2 Phase transition temperature 

PCMs is divided into low temperature, medium 

temperature and high temperature PCM according to its 

phase transition temperature. PCM with a melting point 

below 220°C is a low temperature material, PCM with 

a melting point between 220 and 420°C is a medium 

temperature material, and PCM with a melting point 

above 420°C is a high temperature material [25]. The 

melting points of selected organic compounds are on 

Figure 4 [26]. 

 

Figure 4 Melting points of selected organic PCMs 

Most salt hydrates have melting points below 220°C. 

However, the melting point of inorganic salts is 1000°C 

higher than that of hydrates. These inorganic salts, such 

as metal carbonates, chlorides, sulphates, fluorides and 

nitrates, have been widely used as PCMs for high-

temperature TES applications requiring operating 

temperatures in excess of 500°C [27]. Metal alloys and 

inorganic eutectics have extremely high melting points 

and are ideal for concentrated solar applications (CSP). 

Eutectic aluminum alloys are of great significance for 

high-temperature TES systems [28]. 
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Figure 5 Melting points of selected inorganic PCMs 

4 Selection criteria for materials 

Various characteristics of materials (such as physical, 

thermal, chemical, and kinetic characteristics of 

materials as well as cost, ease of use, product safety, 

adaptability, and reliability) are considered as key 

selection parameters for PCM for any specific TES 

application. The general selection criteria for PCM is 

shown in Figure 6. 

 

Figure 6 Selection characteristics of PCMs for thermal 

energy storage 

In addition to the technical aspects of PCM-based TES, 

its environmental and social impacts are also considered 

as part of the evaluation criteria. The main 

characteristics of PCM are its thermal, physical, kinetic 

and chemical properties, in addition to availability and 

cost [29]. In order to evaluate the suitability of a 

particular PCM in a specific application and temperature 

range, it is important to determine its thermophysical 

properties. There are several characterization devices 

and techniques for determining chemical and thermal 

stability to select PCM for specific applications. 

Measurement of properties such as melting/freezing 

temperature, latent heat of fusion and specific heat 

capacity by using differential scanning calorimetry 

(DSC) technology [30]. Use thermogravimetric analysis 

to determine the thermal stability, thermal reliability, 

and thermal capacity of a specific PCM. Cyclic stability 

is critical to the adaptability of a particular PCM in order 

to analyze the degree of deviation in thermophysical 

properties. In thermal performance, the phase change 

temperature of PCM falls within the operating 

temperature range is one of the key requirements when 

selecting a specific TES application. Other ideal thermal 

performance to ensure optimal performance PCM 

includes ideal latent heat, higher thermal conductivity, 

energy density and heat capacity [26]. Latent heat value 

and heat capacity are related to quantity the specified 

PCM can store or release energy [31]. Higher latent heat 

and heat capacity indicate the energy storage/release 

capacity of PCM, and higher thermal conductivity can 

ensure faster TES and release rate in TES [32]. Organic, 

inorganic and eutectic materials are commonly used in 

LHTES applications and have been extensively studied. 

PCMs with high thermal energy storage density are 

commercially available, with a wide range of paraffin 

and fatty acid PCMs operating temperature range from 

40 to 151°C. Most of the selected organic materials have 

latent heat higher than 100 kJ.kg-1 and energy density 

higher than 100 MJ.m-3. The energy density of paraffin 

is very small, between 0.14 and 0.19 MJ.m-3. Formic 

acid, acetamide and erythritol have high latent heat (> 

250 kJ.kg-1) and energy density (> 300 MJ.m-3). Their 

melting points are 7.8, 81 and 118°C, respectively. 
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Generally, inorganic materials have a higher energy 

density than organic materials. The energy density of all 

inorganic PCMs is higher than 200 MJ.m-3. The latent 

heat and energy density of the selected eutectic mixtures 

Al-Si, LiF-CaF2 and NaF-MgF2 have the highest latent 

heat and energy density values. The latent heat values 

are 560, 816 and 860 kJ.kg-1 respectively. The energy 

density values are 1490, 1950 and 2425 MJ.m-3, and the 

corresponding melting points are 577, 767 and 650°C, 

respectively. Thermal conductivity scattering: [26]. The 

thermal conductivity of organic materials ranges from 

0.13 to 0.33 W.m-1.K-1. Inorganic materials generally 

have higher thermal conductivity than organic 

materials. The thermal conductivity of most inorganic 

PCMs is between 0.5 and 0.9 W.m-1.K-1. The thermal 

conductivity of the inorganic salt eutectic is in the range 

of 0.4- 2.1 W.m-1.K-1, while the thermal conductivity of 

the metal eutectic is much higher (>70 W.m-1.K-1). For 

example, Al-Si (180 W.m-1.K-1). Paraffin and alkanes 

also have the advantages of low cost, high thermal 

stability and chemical stability, no toxicity and a small 

amount of supercooling. However, the problem with 

organic PCMs is their lower thermal conductivity for 

different organic PCMs, which results in a lower heat 

transfer rate for energy storage, thereby deviating from 

the desired charge and discharge cycle time. However, 

recent developments have been trying to solve these 

problems by using a stable metal matrix or by 

incorporating micro or nano metal or metal oxide 

particles in an attempt to enhance the thermal 

conductivity of organic PCMs. Table 1 compares the 

advantages and disadvantages of organic, inorganic and 

eutectics PCMs [33]. 

5 Conclusion 

The focus of this review is to develop TES technology 

using PCM, which utilizes latent heat. In addition to a 

series of flexible operating temperatures, PCM with 

higher thermal storage density can also reduce the 

size/volume of the storage tank. However, the large-

scale commercial application of latent heat PCM is still 

limited, and its durability is lower than sensible heat 

materials. The choice of organic, inorganic and EPCM 

is based on Kinetics, thermodynamic properties and 

availability as well their melting point, latent heat, 

energy density, thermal conductivity and their cost. 

Since inorganic materials exhibit high energy density, 

high thermal conductivity, and relatively high melting 

temperatures, they are too bad more corrosive and 

exhibit a supercooled state. Of particular importance is 

that nanomaterials are used to increase the specific heat 

and thermal conductivity of PCM 

 

 

Table 1 Advantages and disadvantages of PCMs 
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