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The operational aspect of a latent thermal energy storage (LTES) system is highly dependent on the performance of its 

latent heat storage material (LHSM). In this work, performance evaluation of the LHSM is conducted using low-density 

polyethylene (LDPE) and linear LDPE. As an initial assessment, three different organic LHSMs are used for the 

evaluation. The thermal assessment indicates that the heat of fusion for the LHSM varies between 142.45 J/g and 198.8 J/g. 

Thermal decomposition demonstrates that the LHSM is suitable for operating a thermal power system under 100 °C. The 

addition of polymer clearly influences the charge/discharge rate for each LHSM. For example, it has a positive influence 

on paraffin wax, which increases the charge rate up to 54.4 %. A positive outcome is also observed for palmitic acid, 

which has the highest charge rate at around 4.4 °C/min. Interestingly, the charge/discharge rate for stearic acid is decreased 

by the presence of a polymer. It implies that the melting/solidification rate can be decreased, which may be advantageous 

for passive thermal systems. In general, the addition of LDPE/LLDPE alters the performance of LHSM. It makes the 

polymer suitable to be taken as a stabilizer for the LHSM. 
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1. INTRODUCTION 

The requirement for a reliable energy system, primarily 

one that operates in a renewable system, should be 

accompanied by a suitable energy storage system (ESS). 

The high development of the ESS can be recognized in the 

achievement of the battery for electrical storage [1]. Current 

development is also focused on different models of ESS, 

such as thermal energy storage (TES), to accommodate the 

variation in the energy system which generally operates 

using a solar thermal system [2]. Besides the energy sector, 

the recent global issue comes from waste, which is a direct 

result of rapid population growth [3]. The major 

contribution of the waste is obtained as plastic (LDPE & 

LLDPE), a polymer substance that has an important role in 

modern society [4]. It makes the recycling and reutilization 

of polymer waste attract researchers' attention, especially to 

the application of energy storage technology that is expected 

to improve its performance [5]. 

The role of the TES system in the current energy model 

is exceptionally critical [6]. It makes improving the material 

for TES mandatory to achieve a better operational 

consideration for its application. The most advanced 

material is sensible TES (STES), already reaching the final 

commercialization stage and is widely applied in various 

energy sectors [7]. Unfortunately, the low energy density 

limits its application, especially for mobile and compacted 

energy systems. As an alternative, the latent TES (LTES) is 

chosen. It operates by harvesting the heat energy from latent 

heat storage material (LHSM) during phase change [8]. The 

proposed concept increases the energy density of TES, 
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which makes current development focused on improving the 

power and performance of the LTES system [9]. 

The LHSM has several categories, such as inorganic 

salt, which is generally suitable for operating a medium-

temperature LTES system above 100 °C [10]. For low-heat 

temperatures, which operate between 50 – 100 °C, the 

utilization of organic LHSM is highly recommended 

[11 – 13]. It is suitable for many heat energy systems, 

including renewable dryer systems [14], room [15], and 

water heaters [16]. The organic LHSM has many critical 

benefits: high enthalpy and considerably low cost. It 

motivates the utilization of LHSM as a reliable LTES 

material [17]. However, some technical problems are found 

in the utilization of LHSM in the LTES system. 

The solution to resolve the technical issues is addressed 

specifically for the operational aspect of the storage tank for 

an LTES system. The system operates as a heat exchanger 

[18]. Several studies have reported some development in the 

storage unit. For example, modification by utilizing the coil 

arrangement has been proven to improve the power 

performance of the LTES system [19]. For the air heater 

system, advancement is taken through optimization in a 

double-pass system model [20]. Applying nanoparticles in 

the working fluid brings positive outcomes regarding the 

power rate, which significantly improved up to 30 % [21]. 

The innovation is also introduced for the LTES system 

through the designation of a cascaded tank [22], adjustment 

on the effective fin configuration [23], and microchannel 

[24]. Therefore, the technical issues for the storage tank are 
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generally taken and current development can be focused on 

the material aspect of the LTES system. 

Enhancement of the material of the LTES system can 

be focused on improving conductivity and phase change 

behavior. Increasing the conductivity allows the LHSM to 

achieve a higher power rate. It is done by embedding the 

solid additives and metal foam on the LHSM [25]. 

Providing a stable phase change behavior for organic LHSM 

is conducted by utilizing an additional matrix as a stabilizer. 

M. He et al. utilized aerogel for organic LHSM (paraffin 

wax), which showed a notable outcome in accelerating the 

photothermal conversion [26]. M. Sawadogo et al. 

synthesized a stable matrix from eco-friendly material and 

demonstrated compatibility with a higher latent heat of more 

than 50 J/g [27]. Alternative materials such as polymers are 

considerably effective as stabilizers, which increase the 

power performance of the organic LHSM [28]. 

The phase stabilizer, which comes from a polymer, 

generally uses high-density polyethylene (HDPE) [29]. 

Different polymers, such as low-density polyethylene 

(LDPE) and linear-LDPE (LLDPE), can be considered 

alternative binders. For example, Y. Lv et al. studied the 

proposed model for operating LHSM in a thermal 

management system [30]. The same approach was also 

studied for conductivity enrichment [31]. It indicates the 

possibility for further evaluation of the polymer for different 

organic LHSMs. Moreover, the utilization of the polymer 

will bring positive influence to overcome the waste problem 

while at the same time improving the effective power 

performance of the LTES system. 

The present work performs an initial assessment of the 

charge/discharge behavior of the organic LHSM with the 

addition of polymer. The charge/discharge behavior is an 

essential parameter to determine the power performance of 

the LTES system. The assessment aims to provide a 

fundamental basis for improving the operational aspect of 

organic LHSM for the LTES system. The assessment is 

performed using three different organic LHSMs commonly 

used in the low-temperature LTES system to provide a 

comprehensive evaluation. Moreover, the ratio of each 

polymer type is varied to understand its role in the 

charge/discharge behavior of the LHSM.  

2. MATERIALS AND METHOD 

Table 1 displays the prepared samples for performance 

comparison. Each material was purchased from a local 

supplier as market grade. For the base material, several 

characterizations were taken to evaluate its properties. Each 

property can be used to determine the basic properties of 

each LHSM to support the analysis from performance 

characterization [32]. The mixture of LHSM and polymer 

was prepared through the hot blending method [33]. In this 

process, the polymer was gradually added to the liquid 

LHSM. It allows for the direct impregnation between the 

polymer and LHSM, which was helped by mechanical 

stirring. When the mixture was correctly blended, it was 

stored at room temperature for solidification. The method is 

relatively simple, attracting possible large-scale 

manufacturing methods [34]. 

Performance characterization was taken by evaluating 

the charge/discharge behavior of the prepared sample. The 

process was done by recording the temperature of the 

sample during the heating stage (Fig. 1). 

Table 1. Prepared samples for performance comparison (wt.%) 

Base 

material 

LHSM 

(pure) 

Polymer 1 (LDPE) Polymer 2 (LLDPE) 

5 % 10 % 15 % 5 % 10 % 15 % 

Paraffin  LHSM1 ✓ ✓ ✓ ✓ ✓ ✓ 

Stearic  LHSM2 ✓ ✓ ✓ ✓ ✓ ✓ 

Palmitic  LHSM3 ✓ ✓ ✓ ✓ ✓ ✓ 

The heating stage was done by heating the sample 

within the container at 30 watts. The temperature of the 

sample was recorded. It allows to estimate the charge rate of 

the sample [35]. The non-load test was chosen for the 

discharge process. It was aimed to observe the nature of 

behavior of the prepared sample. The released energy can 

be further evaluated to determine the suitable tank 

arrangement and solid enrichment. The charge and 

discharge behavior can be determined from the 

measurement, which is essential to consider the power 

effects of the LHSM in the LTES system. 

 

a 

 

b 

Fig. 1. The apparatus for operation evaluation of LHSM as LTES: 

a – schematic; b – photograph 

3. RESULTS AND DISCUSSION 

Fig. 2 a shows the phase characteristics and melting 

temperature during the solid-liquid transition of the LHSM, 

which is used as the base material in this work. The melting 

behavior of LHSM1 indicates the two consecutive peaks. It 
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implies that the phase transition of the LHSM1 occurs 

gradually before fully melting. The highest peak of LHSM1 

arises at a temperature 59.16 °C with a total enthalpy of 

142.45 J/g. The phase transition behavior of LHSM2 and 

LHSM3 have an identical pattern. It demonstrates a direct 

melting behavior that appears as a single peak. However, the 

melting peak for both LHSMs is different. The melting peak 

for LHSM2 is observed at 56.01 °C while the LHSM3 is at 

61.62 °C. The differences follow the change in melting peak 

in enthalpy, where LHSM2 has a lower enthalpy 

(148.67 J/g) compared to LHSM3 (198.8 J/g). 

The solidification behavior occurs oppositely and is 

plotted in Fig. 2 b. All LHSM in this work demonstrate a 

lower freezing point compared to its melting peak. The 

supercooling characteristic of the evaluated LHSM is 

clearly demonstrated due to significant deviation between 

the phase transition temperature [36]. The freezing peak for 

LHSM1 is obtained at 54.1 °C, while LHSM2 and LHSM3 

occurred at 47.3 °C and 53.3 °C, respectively. According to 

the result, LHSM2 and LHSM3 tend to have a higher 

supercooling degree. It is affected by the chemical 

composition of LHSM2 and LHSM3, which is defined as 

fatty acids. 

 

a 

 

b 

Fig. 2. Characteristics from DSC measurement: a – melting; 

b – freezing 

The operational aspect of LTES is defined according to 

its charge and discharge performance. Thus, the 

characteristics of the operation of the evaluated LHSM are 

plotted according to the temperature changes and duration 

of the charge/discharge process. As plotted in Fig. 3, all 

LHSMs have a distinctive profile. It implies that each 

category of LHSM has its characteristics for absorbing and 

releasing heat energy. Moreover, the profile confirms the 

actual performance of the LHSM, which is highly related to 

the heat exchange process during the operation. Therefore, 

the profile is addressed as an essential parameter for 

observing the critical performance of the LHSM in the 

LTES system. 

 

a 

 

b 

 

c 

Fig. 3. Charge and discharge behavior for the evaluated samples: 

a – LHSM1; b – LHSM2; c – LHSM3 

The heat absorbed for the LHSM1 demonstrated a short-

range phase transition profile that takes place between 

53.1 °C and 60.7 °C (Fig. 3 a). The process is done within 3 

minutes. According to the DSC profile (Fig. 2 a), the 
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deceleration in the phase transition region is highly related 

to the heat absorption for phase change of the LHSM1. After 

passing this stage, the temperature increases notably. The 

average temperature rate for this stage is obtained at 

14.15 °C/min. The phase of the LHSM1, which is already in 

the liquid state, affects the high charge rate. In contrast, the 

heat is discharged slowly for LHSM1 due to a low 

solidification rate. It is the major drawback of the LHSM1 

as in the LTES system since the discharged heat is 

considered an important parameter of the operational aspect 

of TES. 

The effect of liquid state is also observed for the 

LHSM2. It shows the high-temperature increment for the 

LHSM2 once it enters the liquid state (Fig. 3 b). The average 

rate for LHSM2 is considerably high, reaching a charge rate 

of 5.26 °C/min. A lower melting temperature for LHSM2 

influences the high charge rate. Also, the low melting 

enthalpy affects the amount of heat to change its phase, 

resulting in a substantial temperature rate during solid-liquid 

transformation. Despite that, the same behavior is observed 

according to the discharge profile. It has a rapid freezing 

stage in the liquid state and liquid-solid region. The heat 

exchange process is heavily disturbed, especially for the 

region after solidification. It has a low cumulative discharge 

rate of less than 0.5 °C/min. 

The charge pattern for LHSM3 is observed at an 

extended duration, making it the longest charge duration 

compared to the other LHSM. The total duration to reach 

the targeted temperature is 29 minutes (Fig. 3 c). The main 

factor affecting this phenomenon is the high melting 

temperature of LHSM3, followed by the highest melting 

enthalpy. As a result, it requires a substantial amount of heat 

energy during solid-liquid transition. The high heat energy 

content also influenced the heat releasement behavior. It has 

the longest discharge behavior, followed by a rapid freezing 

stage in the early discharge process. One significant 

performance is observed for LHSM3, which is only slightly 

longer than LHSM2. It confirms a better thermal behavior 

for LHSM3 than LHSM2 even though both LHSMs are taken 

as the same category. 

 

Fig. 4. Mass loss profile for the LHSM from thermogravimetric 

analysis 

The thermal decomposition pattern for the LHSM is 

presented in Fig. 4. The profile reveals crucial information 

regarding the material's reliability in the LTES system 

application. All LHSM indicate a direct mass loss profile at 

different temperature spans. The decomposition stage for 

LHSM1 occurs between 198 °C and 356 °C. Interestingly, 

the LHSM2 and LHSM3 show a similar starting point for the 

decomposition process. Both LHSMs start to decompose at 

temperatures of 188 °C to 192 °C. However, the final 

temperature for LHSM2 is slightly higher than LHSM3. The 

final temperature for LHSM2 is observed at 294 °C while 

LHSM3 is only 281 °C. Despite the variation in the 

decomposition range, all LHSMs confirm suitability for 

operating low-temperature LTES systems. The 

decomposition is less than 5 % up to a temperature of 

150 °C. 

 

Fig. 5. Spectrum FTIR profile for the evaluated LHSM 

The chemical composition of the LHSM is evaluated 

according to the FTIR spectrum. As shown in Fig. 5, each 

LHSM has a significant pattern that implies its chemical 

characteristic. First, there is a similar pattern for the first 

peak, which appears for all LSHM. It is described as a 

stretching vibration of -CH2 observed at a wavelength 

between 2.9 – 2.8 × 103 cm-1. The deformation of the 

functional group (-CH2 and -CH3) occurs for the LHSM1 at 

a specific wavelength range (1.48 – 1.44 × 103 cm-1), while 

the rocking vibration of -CH2 is observed at 

7.4 – 7.1 × 103 cm-1. Specifically, the appearance of 

stretching C=O at wavelength 1.7 × 103 cm-1 is taken as the 

main difference between the category of LHSM2 and 

LHSM3 with LHSM1. It confirms the uniqueness of 

chemical characteristics for each LHSM. 

 

Fig. 6. XRD patterns for the evaluated LHSM 
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Structural analysis is determined according to the XRD 

pattern. As presented in Fig. 6, all LHSMs have two sharp 

principal peaks. The principal peak for LHSM1 is observed 

at 21.6° and 23.94°. Compared to the FTIR spectra, the 

LHSM2 and LHSM3 have an identical peak with LHSM1. 

The first principal peak for LHSM2 and LHSM3 is the same 

observed at 21.6°. The second peak for LHSM2 is found at 

23.78° while LHSM3 at 24.2°. Furthermore, a sharp peak 

indicates the crystalline structure of the LHSM. 

The change in the operation characteristic is observed 

to be notable for all LHSM after the addition of a polymer. 

As plotted in Fig. 7 a, LHSM1 has a relatively lower charge 

rate before the addition of a stabilizer. 

 

a 

 

b 

 

c 

Fig. 7. The comparison of charge/discharge behavior for the 

evaluated samples: a – LHSM1; b – LHSM2; c – LHSM3 

It confirms the positive influence of the addition 

stabilizer for the LHSM1. One typical result is obtained for 

the ratio of 10 wt.% polymer, which has the lowest charge 

rate compared to the other ratio. For example, 10 wt.% 

LDPE and LLDPE for LHSM1 increase the charge rate at 

ratios around 40.7 % and 54.4 %. The positive influence is 

also observed notable for the discharge characteristic. The 

LHSM1 with polymer has a better discharge rate, which 

improved around 29.3 % – 20.8 % (with LDPE) and 

32.3 % – 16.1 % (with LLDPE). 

The effect of polymer for LHSM2 is relatively complex 

compared to LHSM1 (Fig. 7 b). It is taken as a significant 

drawback where the presence of both polymers reduces the 

charge rate. The lowest decrement is obtained for the ratio 

of 15 wt.% LDPE, where the charge rate decreased by 

0.6 °C/min. The decrement is highly associated with the low 

melting temperature and enthalpy of LHSM2 according to 

DSC results (Fig. 2 a). It affects the heat transfer process 

within the mixture after the addition of the polymer. 

Moreover, the same condition is also observed for the 

discharge rate of LHSM2 with polymer. It can be said that 

the presence of polymer for LHSM2 changes the heat 

exchange process. It reduces the melting and solidification 

rate of LHSM2. 

The positive outcome for adding LDPE/LLDPE to fatty 

acid is observed notable for the LHSM3 (Fig. 7 c). It 

significantly improves the average charge rate for the 

LHSM3 with polymer, specifically with 10 wt.% LDPE and 

15 wt.% LLDPE. The high melting enthalpy followed by a 

high melting temperature can be taken as a factor that 

contributes beneficially to the addition of the polymer. It 

confirms the opposite result for LHSM2, which shows a 

significant change in the charge/discharge rate after adding 

the polymer. Contrary to the charge rate, the discharge rate 

generally decreases with the lowest point obtained after 

adding 10 wt% LLDPE. In this case, the slow solidification 

rate for LHSM3 may be taken as a positive impact due to the 

high melting temperature and enthalpy for LHSM3. 

4. CONCLUSIONS 

The utilization of LDPE and LLDPE for LHSM shows 

significant changes in its performance. The 

charge/discharge rate alters notably for the LHSM with 

LDPE/LLDPE. It improves the operational aspect of 

LHSM, which comes from paraffin wax and palmitic acid. 

Despite the considerable decrease in stearic acid, the 

changes in charge/discharge rate can be adjusted for specific 

applications that require slow melting and solidification 

rates. The key result from this work is the potential 

utilization of LDPE/LLDPE to improve the power 

performance of LHSM in the LTES system. The polymer 

itself can be derived from waste. As a result, power 

performance for LHSM can be adjusted precisely. Further 

work is still required to apply the detailed evaluation and the 

application of LHSM/polymer for the TES system. 
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