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Abstract
It is possible to store heat energy and extract it from materials in the form of internal energy changes such as sensible heat, 
latent heat, and thermo-chemistry, or in any combination of these three. In systems of insensible heat storage, energy is stored 
by raising the temperature of the medium to which it is being stored. During the process of heat absorption and release, this 
system makes use of the heat capacity of materials as well as variations in the temperature of those materials. The quantity 
of energy that is deposited within the system is dependent on the specific heat of the medium, as well as variations in tem-
perature and the amount of medium that is used. The principle behind the operation of latent heat storage is that the storage 
medium absorbs or releases heat depending on whether or not it is undergoing a phase transition from solid to liquid, liquid 
to gas, or vice versa. Beeswax is a naturally occurring phase change material (PCM) that has its greatest phase transition 
enthalpy in the temperature range of 60–68 °C. It has the potential to be used in a wide number of applications that include 
the storage of thermal energy. Researchers are interested in the durability and temperature resistance of beeswax. This study 
aims to deliver a comprehensive review that provides a rundown of experimental, numerical, and experimental and numeri-
cal studies on beeswax and Nanoparticles-beeswax as PCM for thermal energy storage (TES). The review will also provide 
a summary of recent developments in research. This article also discusses a few other concerns pertaining to setting up, 
researching parameters, and discovering results. Studies on beeswax are presently being conducted, and based on the results 
of the most recent one, suggestions have been made for other research projects to be carried out.
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Abbreviations
CPCMs	� Composite phase change materials
DSC	� Differential scanning calorimetry
DTA	� Differential thermal analysis
FTIR	� Fourier-transform infrared spectroscopy
HTF	� Heat transfer fluid
LHTES	� Latent heat thermal energy storage
LPM	� Liter per minute
MWCNTs	� Multiwall carbon nano-tubes
PCM	� Phase change material
TES	� Thermal energy storage

TGA​	� Thermo-gravimetric analysis
TSU	� Thermal storage unit
SEM	� Scanning electron microscope

Introduction

Consumption of final energy continues to rise in tandem 
with the expansion of the Indonesian economy, the coun-
try's population, rising energy costs, and the policies 
enacted by the Indonesian government. During the period 
of 2010–2015, there was only a moderate growth in total 
energy use, which averaged just approximately 1.3% annu-
ally. The residential sector accounted for the largest percent-
age of total energy consumption (35%) in 2015, followed by 
the transportation sector (31%), the industrial sector (29%), 
the commercial sector (4%), and other sectors (2%). The 
transportation industry has conducted the highest annual 
growth rate of 5.2% between 2010 and 2015, followed by 
the residential sector with 3.8% growth and the business 
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sector with 2.9% growth [1, 2]. The rate of expansion in 
the industrial sector and in other sectors both slowed to be 
4.6% and 10%, respectively. Building legislation and regula-
tion are arranged in Law 28/2002, Government Regulation 
36/2005, and regulation no 02/PRT/M/2005 issued by the 
Ministry of Public Works and Housing. These pieces of leg-
islation and regulation are what enable energy-saving efforts 
to be carried out in the building sector. A green building is 
one that complies with building codes and exhibits notable, 
quantifiable efficiency in the conservation of energy, water, 
and other resources [3]. The function and categorization at 
each stage of the facility's operation are used to use green 
building concepts to attain this performance.

It is possible to store heat energy and extract it from mate-
rials in the form of internal energy changes such as sensible 
heat, latent heat, and thermo-chemistry, or in any combina-
tion of these three. In systems of insensible heat storage, 
energy is stored by raising the temperature of the medium to 
which it is being stored. During the process of heat absorp-
tion and release, this system makes use of the heat capacity 
of materials as well as variations in the temperature of those 
materials. The quantity of energy that is deposited within the 
system is dependent on the specific heat of the medium, as 
well as variations in temperature and the amount of medium 
that is used. The principle behind the operation of latent 
heat storage is that the storage medium absorbs or releases 
heat depending on whether or not it is undergoing a phase 
transition from solid to liquid, liquid to gas, or vice versa. In 
thermochemical systems, the process of altering molecular 
bonds as a result of chemical reactions is what causes energy 
to be absorbed or released, and the process that takes place 
is completely reversible [4].

The substance that may be extracted from the honeycomb 
is known as beeswax. The production of soap, batik, and 
candles are all possible applications for this material. In 
addition to this, beeswax may be utilized as a material for 
the storage of thermal energy, since it is able to store latent 
heat throughout the phase shift process from solid to liquid 
and vice versa. This makes it a potentially useful substance. 
According to the findings of a number of experts, beeswax 
has a melting point that ranges from 61.8 to 67 °C [5–8] and 
a latent heat that ranges from 122 to 395 kJ kg−1 [5, 9–12].

Beeswax is mostly made up of a combination of esters 
of hexadecanoic and octadecanoic acids, with the chain 
lengths of its fatty alcohols ranging between 38 and 52 car-
bon atoms, and between 46 and 54 carbon atoms, respec-
tively [13]. Beeswax also contains a small amount of fatty 
acids. If a wide melting temperature range is not a problem, 
these molecular structural features of beeswax, which lead 
to a relatively high melting enthalpy, make it an intriguing 
option for energy storage as a PCM [14]. Because of these 
molecular structural traits, beeswax has a comparatively 
high melting enthalpy.

The capacity of beeswax to absorb heat more effectively 
has led researchers to conclude that it is superior than par-
affin wax as an alternative material [15]. It is comparable 
to paraffin wax in that it similarly has a high melting point 
and poor heat conductivity, however it has a greater melting 
point than paraffin wax does. Adding additional components, 
such as carbon Nano-tubes, expanded graphite, graphene, 
and copper Nanoparticles, has been the subject of a number 
of studies [16–18] that have been carried out with the goal 
of increasing its thermal conductivity. According to the find-
ings of Putra et al. (2016) [19], adding CuO Nanoparticles 
to PCM accelerated the melting process more than without 
adding any.

Despite this, the beeswax in both categories (beeswax 
and Nanoparticles-beeswax) has not been comprehensively 
examined for a variety of configurations in the published 
research that is available to the public. As a direct result of 
this, the purpose of this research is to address this problem. 
The use of beeswax as a phase transition material for the 
storage of thermal energy is the subject of this investigation, 
which covers a wide range of technical, investigative, and 
development techniques. With the aid of a comprehensive 
understanding of the variables that were discussed, the qual-
ity of the beeswax can be increased further, and as a result, 
it may be used in a variety of applications. In the realm of 
beeswax as a phase transition material for TES, which has 
achieved significant breakthroughs but still need additional 
refinement, the results of this study may give a road map for 
future research.

Studies on beeswax as PCM for TES

Researchers who investigated the use of beeswax as a phase 
transition material for various applications involving the 
storage of thermal energy are addressed in the following 
paragraphs:

In 2016, a single slope solar still was constructed by 
Kuhe and Edeoja [20] with the goal of boosting output. 
The still was coupled with a latent heat TES system and 
connected to a parabolic concentrator. In order to keep 
the still's operating temperature high enough to produce 
distilled water even during the hours of sunset, 14 kg of 
beeswax had to be used as a PCM underneath the absorber 
plate. The bottom of the still was covered with a 0.2 
m-thick metal sheet that is painted black on the side fac-
ing the parabolic concentrator to help gather solar energy 
reflected from the concentrator and conduct it to the PCM. 
In order to have a better understanding of the single slope 
solar still's potential, experiments were run on it both with 
and without the PCM effect. Measurements were made 
of the PCM's temperature as well as the temperatures of 
the water, the air, the inner surface of the glass, and the 
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outside surface of the glass. Figure 1 illustrates the experi-
ment findings, which show that adding thermal storage to 
a parabolic concentrator connected to a single slope solar 
array still resulted in a 62% increase in overall output.

Sinaringati et al. [11] in 2016 focused on the comparison 
between the use of paraffin and beeswax materials as the 
sources of heat energy on newborn incubators. The findings 
showed that the PCMs are able to keep the heat energy at a 
temperature of more than 32 °C for a period of more than 
8 h in the neonatal incubator environment. However, it was 
discovered that beeswax performed far better than paraffin 
when it came to the storage of heat energy. This research 
recommended the use of beeswax as the primary component 
material (PCM) for newborn incubators, as well as perhaps 
for any other practical use.

Beeswax was used by Dinker et al. [21] in 2017 as a ther-
mal storage unit in a novel rectangular shell and tube type 
design. Beeswax is a natural latent heat storage material 
(TSU). In this geometry, the rectangle shell was filled with 
beeswax and implanted with a copper helical coil carrying 
hot heat transfer fluid. Through a series of charging and dis-
charging tests, using water as the heat transfer fluid in each 
one, the thermal performance of beeswax was examined 
(HTF). We looked explored the impact of HTF flow rates 
(0.25 LPM, 0.5 LPM, 0.75 LPM, and 1.0 LPM) and inlet 
temperatures (60 °C, 70 °C, and 80 °C) on the beeswax's 
ability to store heat and how long it takes to charge. The flow 
rates range from 0.25 to 1.0 LPM, while the inlet tempera-
tures range from 60 to 80 °C. It was found that increasing 
the fluid flow rate decreased the amount of time needed to 
charge the system while increasing the fluid intake tempera-
ture increased the amount of time needed to charge the sys-
tem. This was seen to be the case. When HTF was flowing 
through the TSU at a rate of 0.5 LPM at a temperature of 80 

degrees Celsius, the TSU reached its maximum efficiency 
of 84%.

Nugraha et al. [22] enhanced the functionality of a non-
electric beeswax newborn incubator in order to create a 
model that is more dependable and useful. The design of 
the first beeswax cartridge, which took the shape of copper 
boxes, was later altered to make use of tubes made of stain-
less steel. Both the shape and position of the air openings 
were altered as part of the redesign. In order to bring down 
the overall mass of the incubator, the body material, which 
had previously been made of wood, was switched out for 
polyurethane. In order to melt the beeswax, the cartridges 
containing the beeswax were heated using boiling water. 
According to the findings, a newborn incubator made of 
polyurethane may be made smaller, lighter, and more user-
friendly. The newly developed concept for a non-electric 
newborn incubator was able to maintain a temperature rang-
ing from 32 to 36 °C for a period of two hours.

Cheng et al. [23] created beeswax-tetradecanol/expanded 
perlite composited with carbon fiber (BW-TD-CF/EP) com-
posite phase change materials (CPCMs) for the use of solar 
energy utilizing a vacuum impregnation procedure. The 
physical combination of the raw materials rather than a 
chemical interaction is demonstrated by the characterization 
and measurement of the CPCMs' chemical compatibility, 
microstructure, and thermal properties. It also demonstrates 
that BW-TD-CF is sufficiently absorbed into the porous 
structure of EP with no leakage even in the molten state. As 
shown in Fig. 2, the inclusion of CF results in an increase 
in the thermal conductivity of the BW-TD/EP composite 
from 0.443 to 1.245 W m−1K−1. As a result, the form-stable 
composite PCMs have stronger thermal stability in build-
ings and more favorable thermal characteristics for the use 
of solar energy.

Fig. 1   Yield of distillate water 
with respect to time [20]
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An experimental effort was provided by Thaib et  al. 
[24] in 2017 to explore the behavior of PV-PCM systems 
in actual outside uncontrolled settings in order to establish 
how successful they are. In addition, the PV-PCM systems 
were evaluated in Banda Aceh, Indonesia, which is located 
at a low latitude and has a warm environment. Experiments 
were carried out in the open air at the Engineering Faculty 
of Syiah Kuala University, which is situated in the city of 
Banda Aceh in Indonesia (05:57 N, 95.37 E). As a phase 
transition substance, paraffin wax and beeswax were both 
put to use in this particular investigation. The conclusive 
research found that photovoltaic (PV) panels operating with-
out PCM have an electrical efficiency that ranges between 
6.1 and 6.5%. However, the efficiency of PV panels that use 
PCM may vary anywhere from 7.0 to 7.8%. This demon-
strated that the technique of cooling PV panels with water 
is capable of enhancing their efficiency to a greater degree.

Dinker et al. (2017) [15] presented beeswax as a natural 
phase transition material that might be used for the storage 

of low-temperature thermal energy. Differential Scanning 
Calorimetry was used in order to investigate the thermal 
characteristics of beeswax (DSC). A thermal storage unit 
of the tube and shell type was built to conduct research on 
the thermal performance of employing beeswax as a ther-
mal storage material. A heated fluid was permitted to flow 
through the copper tube that was positioned in the center of 
the storage material shell. The rate of temperature change 
over time was investigated at nine distinct locations across 
the thermal storage units. The results of Fig. 3 indicated 
that the flow rate of the heat transfer fluid had little effect 
on how long it took to charge the beeswax. However, as the 
temperature of the heat transfer fluid at the inlet climbed, the 
time required to charge the beeswax reduced.

Umar et al. [25] investigated the mechanical character-
istics of concrete mixtures that included PCM (PCM). The 
PCM combination that the researchers utilized consisted of 
beeswax, tallow, and dammar gum. According to the find-
ings of the PCM characteristics test, the latent heat energy 
content of beeswax and tallow have a great potential to be 
used as PCM. On the other hand, dammar gum is benefi-
cial in boosting the thermal conductivity of concrete that 
contains PCM. According to the findings of the tests, the 
concrete compressive strength was reduced by between 3 
and 24% in comparison with the PCM-0% concrete compres-
sive strength. As is seen in Fig. 4, the PCM-tallow concrete 
mixture has a tendency to experience a significant decrease 
in compressive strength.

Thaib et al. [26] assessed the effect that applying bees-
wax and bentonite PCM had on the concrete walls of the 
building. The purpose of this experiment was to determine 
the amount of concrete's compressive strength that would 
be lost if coarse aggregates were partially substituted with 
PCM beeswax/bentonite. It has not been possible to improve 
the strength of the concrete by including PCM-beeswax into 
the mixture. Even more concerning, evidence suggests that 
their presence lowers the compressive strength of PCM 
mixed concrete (Fig. 5). The results of heat absorption tests 
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indicated that the addition of PCM beeswax/bentonite to 
concrete may reduce the temperature of the concrete by up 
to 6.67% when compared to concrete without PCM. It also 
suggests that PCM presented in this research has a signifi-
cant amount of potential for use as an additive in lightweight 
concrete.

In 2019, Putra et al. [27] created a technique for ther-
mal cycling test in which the polarity of the thermoelectric 
material was automatically altered to correspond with the 

temperature of the sample being tested. In addition, a newly 
designed cartridge that can be used with this apparatus only 
needs a minimal amount of sample space (1.53 cm3) and 
is simple to install and dismantle. As a potential candidate 
for the PCM sample, the suggested device was evaluated 
using beeswax. This is quite significant for cost reductions 
on PCMs material, which is often rather pricey. The findings 
demonstrated that the equipment had automatically cycled 
between the temperatures necessary for melting and chill-
ing the beeswax. The thermal data indicated that after 1000 
cycles, beeswax maintains the same temperatures for melt-
ing and freezing; nevertheless, its heat of fusion decreases 
after repeated thermal cycling, as illustrated in Fig. 6.

Beeswax has been used as a low-temperature phase tran-
sition material for the storage of thermal energy, according 
to studies by Kabir and Yola [28] in 2020. It has been con-
cluded that there is a chance that beeswax could be used to 
store thermal energy. This study examined the heat stability 
and life cycles of three various beeswax kinds. These three 
types of nesting habitats provided the beeswax samples. 
The techniques that might be used to determine whether or 
not these materials were suitable for use in an application 
that included the storage of low-temperature thermal energy 
were differential scanning calorimetry (DSC), thermo-
gravimetric analysis (TGA), and differential thermal analy-
sis (DTA). The obtained results demonstrated that beeswax 

Fig. 4   Compressive strength 
evaluation of concrete contain-
ing PCM-TD a at a temperature 
of 28 °C; b at a temperature of 
45 °C [25]
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was stable for samples A, B, and C at operating temperatures 
of 60–270 °C, 60–260 °C, and 60–250 °C, respectively. The 
material can last 34.76 service years while staying within the 
beeswax stable temperature range, according to the results 
of a life-cycle research that used the Coffin Mason equation.

Using a heat pipe and PCM, Putra et al. [29] built a pas-
sive cooling system, and then used battery simulators to 
study how well it worked. The objective of this study was to 
evaluate the performance of the cooling system and choose 
the most suitable PCM (beeswax or Rubitherm RT 44 HC) 
for an operating temperature range of 25–55 °C. As can be 
seen in Fig. 7, the implementation of a heat pipe may bring 
the temperature of the battery down by 26.62 °C when sub-
jected to a heat load of 60 watts, in comparison with the 
scenario in which a passive cooling system was not present. 
Furthermore, the addition of RT 44 to a heat pipe resulted 
in a maximum temperature drop of 33.42 °C. As a result, 
an RT 44 HC is more efficient than beeswax because its 
melting temperature is within the acceptable range for the 
battery working temperature and because it can absorb more 
heat than beeswax thanks to its latent heat. Additionally, an 
RT 44 HC's melting temperature falls within the acceptable 
range for the battery's working temperature.

Beeswax, transistorized beeswax methyl esters, and 
combinations of beeswax with paraffin were the subjects 
of research conducted by Baptista et al. [30] in 2020. In 
addition, waste vegetable cooking oil, which is abundantly 
accessible but not put to its full potential as a renewable raw 
material, was completely hydrogenated, and the resulting 
product and its mixes with beeswax were studied as potential 
candidates for use as PCMs. The melting and crystallization 
enthalpies of transistorized beeswax are about 15% higher 
than those of the beeswax that is already appropriate. It was 
discovered that the addition of beeswax to hydrogenated 
waste cooking oil was effective in boosting the creation of 
the most stable triacylglycerides polymorph. As a result, 

mixes of these two renewable raw materials are viable candi-
dates for LHTES. As can be seen in Fig. 8, mixes of beeswax 
and paraffin that include forty percent of the former have 
a thermal behavior that is very close to being perfect for a 
PCM, while at the same time reducing the quantity of the 
crude derivative. In addition, the volume change that occurs 
during melting, which is one of the most significant issues 
that paraffin presents as a PCM, is significantly reduced for 
this combination (by about 50%).

In 2021, Amberkar and Mahanwar [31] employed the 
Taguchi technique to analyze the influence of process 
parameters in the microencapsulation process of beeswax 
with resorcinol modified phenol–formaldehyde shell. This 
was done in order to determine the optimal values for each 
of the process parameters. In order to investigate the influ-
ences that the ratio of the core to the shell of the process 
parameters, the concentration of the surfactant, and the agi-
tation speed have on the control parameter core content, an 
orthogonal array of 53 was developed. The quantity of heat 
that may be stored in microcapsules is directly proportional 
to the amount of core material that they contain. The optimal 
values for the concentration of the surfactant, the ratio of 
the core to the shell, and the agitation speed were respec-
tively 3%, 1:1, and 800 rpm. Within the temperature range 
of 35–62 °C, the microcapsules that were produced with 
process parameter values that were optimized exhibited a 
spherical shape and a heat transition enthalpy of 148.93 J 
g−1. Figure 9 illustrates the versatility of the MPCM thanks 
to its spherical form and micrometer dimensions, which 
enable it to be employed in a broad variety of contexts.

Thaib [32] in 2021 described an experimental study to 
ascertain the compressive strength of the concrete if the 
coarse aggregate (gravel) was partially replaced by the gravel 
material using the PCM of Beeswax (beeswax) according 
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to the required percentage starting from 0%, 5%, 10%, and 
15% and if the aggregate was fine. The purpose of the study 
was to ascertain the concrete's compressive strength in the 
event that the coarse aggregate (gravel) was changed. As a 
partial substitute for sand, rice husk ash was utilized in a 
variety of various ratios, ranging from 0 to 15%. This usage 
is also an excellent choice because it will allow for the use 
of previously wasted rice husk ash, which can then be used 
or processed to be added to the concrete mix. This use is a 
good substitute since a procedure will be used to make use 
of previously discarded rice husk ash.

Thermal cycle testing was carried out by Trisnadewi et al. 
[33] to examine the characteristics of PCM and establish 
its thermal stability. By using thermoelectric as a heating 
and cooling medium with a total of 500, 1000, 3000, and 
5000 cycles, respectively, a thermal cycle test procedure has 
been developed to assess the thermal stability of PCM. This 
approach was used to evaluate PCM's thermal stability. Palm 
wax, soy wax, and paraffin wax are three different types of 
natural waxes that were used to make their PCM. They used 
these waxes in their investigation. Soy wax has the lowest 
melting and freezing points, according to research using dif-
ferential scanning calorimetry (DSC). According to Fig. 10, 
these temperatures are 43.92 °C and 38.49 °C, respectively. 
The addition of the test module to 4 modules and the use of 
the thermoelectric as a thermal cycle test device may both 
enhance the overall efficacy of the test. Palm wax, soy wax, 
and paraffin wax all produce 24, 13, and 45 cycles after an 
hour of thermoelectric characterization, respectively. Each 
module can be tested with this thermal cycle tester for up 
to 5000 cycles. The waxes' thermal properties steadily 
decreased and became less favorable after 5000 cycles. The 
soy wax, which saw a 60% decrease in H upon freezing, was 
found to have the highest value of H reduction.

A computational research of beeswax-based PCM was 
reported by Mishra et al. [34] for the resolution of thermal 
control of the li-ion battery cell. In order to enhance the heat 
transfer performance of beeswax-based battery thermal man-
agement systems, a numerical model of beeswax melting in 
a square cavity has been developed, and the influences of the 
phase conversion process have been investigated. This was 
done in order to improve the heat transfer behavior of the 
systems. The findings showed that the location of the heating 
wall had a significant impact on the phase change process. 
When heated from separate locations, the beeswax in the 
cavity melts in a manner that is distinct from one another. 
The change of temperature with time is also researched, 
and it was discovered that the temperature initially climbed 
quickly, but that after some time had passed, the increment 
rate dropped, as shown in Fig. 11.

Table 1 shows summary of studies outline studies on 
beeswax as PCM for TES.

Life cycling analysis using the Coffin Mason equation 
revealed that the material can endure for 34.76 service 
years while remaining within the beeswax stable tempera-
ture region. These findings were based on the findings of 
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associated studies that looked at the use of beeswax as a 
TES medium. In addition, as compared to concrete that does 
not include PCM, PCM beeswax/bentonite has the ability to 
reduce the temperature of the concrete by up to 6.67%. Also, 
the use of thermal storage (beeswax) in a parabolic concen-
trator paired with a single slope solar system managed to 
bring about a 62% increase in the system's output.

Studies on nanoparticles‑beeswax as PCM 
for TES

PCM materials have either had a metal oxide or metal par-
ticles added to them in order to increase their thermal con-
ductivities. This has been done by incorporating/adding 
the metal particles. The thermal characteristics of beeswax 
were tested by researchers, and the results indicated that the 
thermal conductivity of the beeswax was improved when 
grapheme and CuO were added. Researchers who introduced 
the use of Nanoparticles combined with beeswax as a phase 
transition material for various applications involving the 
storage of thermal energy are addressed in the following 
paragraphs:

The thermo-physical characteristics as well as the heat 
transport qualities of a beeswax Nanoemulsion were investi-
gated by Anderson et al. [35] in 2013 when it was subjected 
to forced convection in a circular tube. First, the beeswax 
Nanoemulsion was created by combining surfactants and 
water. This resulted in the Nanoemulsion having a low vis-
cosity, which improved its ability to be pumped, as well as 
a high proportion of beeswax by mass, which resulted in 
a better capacity for latent heat storage. The testing por-
tion consisted of a circular tube made of stainless steel with 
a diameter of 11.3, and it was heated in a homogeneous 

manner using an ohmic heating technique. Figure 12 depicts 
the experimental results that suggest that a stable beeswax 
Nanoemulsion has adequate heat transfer coefficients. This 
makes the Nanoemulsion a promising candidate for charging 
and discharging thermal energy in applications involving 
thermal storage.

Within a rectangular shell and tube thermal storage unit, 
Dinker et al. [36] in 2016 investigated the thermal per-
formance of beeswax and its composite as a heat storage 
medium. Beeswax was investigated as a potential novel 
energy storage material, along with its composite with 
expanded graphite. This combination was then manufac-
tured, tested for its surface and thermal characteristics, and 
described. Characterization of the surface revealed that 
beeswax and expanded graphite do not interact chemically 
with one another. The thermal conductivity of the compos-
ite material saw a 117% improvement after being treated. 
The composite's melting point remained virtually the same 
as that of beeswax, but the melting time was significantly 
decreased from 540 to 360 min when the input water tem-
perature was 80 °C and the flow rate was 2 LPM.

Putra et al. [37] investigated the thermal properties and 
behaviors of beeswax/CuO Nano-PCM by using beeswax as 
a high thermal-capacity phase-change material. In this work, 
equipment for differential scanning calorimetry was used to 
determine the temperature at which Nano-PCMs melt as well 
as their overall thermal capacity. The research discovered 
that the melting temperatures of Nano-PCM were 63.62 °C 
at 0.05 mass percent, 63.59 °C at 0.1 mass percent, 63.66 °C 
at 0.15 mass percent, and 62.45 °C at 0.25 mass percent. 
According to the results of FTIR tests, there was no chemi-
cal interaction between CuO and beeswax. The presence of 
CuO Nanoparticles in beeswax has resulted in an increase 
in the material's thermal conductivity but a decrease in its 
heat capacity. However, the variation in latent heat has not 
generated any substantial changes in the performance of 
the beeswax/CuO combination. In light of these findings, it 
can be deduced that the heat transmission of the composite 
beeswax/CuO melts quicker than the basic phase-change 
material.

The research conducted by Amin et al. [38] has the objec-
tive of measuring and analyzing the thermal characteristics 
of graphene and beeswax as a phase transition material. A 
differential scanning calorimeter (DSC) was used to estimate 
the melting temperature, thermal capacity, and latent heat. A 
thermal conductivity measuring instrument was also used to 
explore the thermal conductivity. The viscosity of the mate-
rial was analyzed in order to get insight into the alteration 
of the material's physical characteristics that was brought 
on by the presence of Nanoparticles. According to the find-
ings of the DSC, there was a 22.5% rise in the latent heat 
of 0.3% beeswax/graphene. The combination of 0.3 mass 
percent beeswax and graphene has a heat conductivity of 
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2.8 W m−1 K−1. As can be seen in Figs. 13 and 14, the pres-
ence of graphene Nano-platelets in the beeswax led to an 
increase in both the latent heat and the thermal conductivity 
of the material.

A pure beeswax and its unique composite with expanded 
graphite (10% mass) were both evaluated for their ability to 
efficiently store heat in a storage unit consisting of a rectan-
gular shell and helical tubes by Dinker et al. [39]. Beeswax 
has a low heat conductivity; however, this may be enhanced 
by adding 10% by mass of expanded graphite. Utilizing 
differential scanning calorimetry and thermo-gravimetric 
analysis, a thermal characterization of beeswax and its 
composite was carried out. The effect of hot fluid flow rates 
(0.25 L per minute [LPM], 0.5 LPM, and 1.0 LPM) and inlet 
temperatures (60 °C, 70 °C, and 80 °C) on the charging time 
of beeswax and its composite was researched and compared. 
Inlet temperatures ranged from 60 to 80 °C. The shorter 
charging time of beeswax and its composite was achieved 
by increasing the fluid flow rate as well as the temperature at 
the intake. The charging time of the composite was lowered 
by 630 min when compared to charging with pure beeswax 
at a flow rate of 0.5 LPM and an intake fluid temperature 
of 8 0 °C.

Beeswax and multi-walled carbon Nano-tubes were com-
bined to create a form-stable Nanocomposite phase-change 
material for TES that was developed by Putra et al. [40]. 
Because it has a high latent heat, beeswax was employed 
as the PCM, and multi-walled carbon Nano-tubes (MWC-
NTs) were used as the supporting material because of their 
high thermal conductivity. This study makes use of three 
distinct preparations of MWCNTs: pristine MWCNTs, 
MWCNTs that have been ball-milled, and MWCNTs that 
have been treated with acid. Samples of a beeswax/carbon 
Nano-tube composite were made with ratios of 5 and 20 
mass%. Samples of composites were evaluated with regard 
to their structural modification and thermal performance. 
These evaluations included testing for thermal conductivity, 
melting point, and solidifying point, as well as latent heat, 
sensible heat, melting point, and solidifying point testing. 
Figure 15 displays the findings of the trials, which showed 
that the new shape-stable Nanocomposite PCM's thermal 
conductivity increased by a factor of two and that neither 
the melting temperature nor the solidification temperature 
experienced any discernible phase transitions.

An experimental investigation of using the beeswax 
as PCM was given by Sravani and Reddy [41]. The bees-
wax was contained inside capsules made of stainless steel. 
Because of its poor thermal conductivity value, beeswax has 
a delayed thermal reaction; thus, an attempt is made to dope 
PCM with copper, aluminum, and graphite particles indi-
vidually in order to improve its ability to transport heat. An 
insulated tank is used to keep the capsules, and hot water is 
poured into the tank periodically. The experimental design is 

constructed by taking into consideration characteristics such 
as the flow rate, number of capsules, and temperatures at 
the inlets of the heat transfer fluid. Experiments are carried 
out in accordance with the findings of the Taguchi analysis, 
and the results are documented. Analysis of experimental 
data was used to study the influence of various factors on 
the TES system. The goal of this study was to identify the 
parameters that should be used when constructing an effi-
cient TES system.

The thermal conductivity, melting temperature, latent 
heat, and heat capacity of beeswax containing ZnO, CuO, 
and soot particles at various concentrations of 0.0, 0.064, 
0.326, 1.304, and 3.260 g per 20 g of beeswax were stud-
ied by Andoshe et al. [42]. When ZnO, CuO, and soot par-
ticles were added, the thermal conductivity of the beeswax 
increased, going from 0.2502 to 2.89 W m−1K−1, accord-
ing to the examination of thermal conductivity. Addition-
ally, the research utilizing differential scanning calorim-
etry demonstrated that the addition of ZnO, CuO, and soot 
particles decreased the melting temperature, latent heat, 
and heat capacity of the beeswax, as shown in Fig. 16.

In 2021, Agarwal et al. [43] looked into beeswax as a 
potential PCM for the storage of heat due to its high latent 
heat. Two of the difficulties of using this material were its 
poor heat conductivity and high melting point. Al2O3, ZnO, 
and FeO Nanoparticles of PCMs were mixed with other 
phase change elements to lower the melting point of bees-
wax and improve its thermal conductivity. An examination 
was carried out with the purpose of determining how the 
charging time of a beeswax composite was affected by the 
flow rates of hot fluid (1 LPM and 2 LPM) and the tempera-
tures at the intake (60 °C, 70 °C, and 80 °C). According 
to the findings of the research, out of all of the different 
composites, the one containing 50 mass% beeswax and 50 
mass% coconut oil together with 1 mass% of FeO Nanopar-
ticle produced the greatest results. It was discovered that the 
material had a charging time that was 15 min faster than the 
composite that did not include Nanoparticles. It was possible 
to achieve an increase in thermal conductivity of 112.77% by 
utilizing FeO Nanoparticles for 3 mass% of Nanoparticles, 
which represented a more than twice increase, as represented 
in Fig. 17.

Mishra et al. [44] evaluated computationally the com-
posite-beeswax strategy to overcome the poor efficiency in 
heat transmission caused by the low thermal conductivity of 
beeswax. This was accomplished by combining composite 
materials with beeswax. In order to increase the heat con-
ductivity of the pure beeswax, three distinct metal oxides 
(Al2O3, MgO, and SiO2) were scattered throughout the 
beeswax at three different volume concentrations: 1%, 3%, 
and 5%. According to the findings, the melting rate as well 
as the heat transmission were marginally enhanced when 
the geometry of the annulus was a rectangular–rectangular 
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combination. The results also showed that the presence of 
metal oxide particles results in a considerable increase in 
the rate of melting as well as an improvement in the heat 
transmission. Additionally, it was discovered that the differ-
ent sorts of particles have not significantly altered the pace at 
which heat was transferred or melted. At the same time, it is 
341 K as observed for the beeswax, which demonstrated an 
improvement of 1.4% in the case of circular-circular annulus 
and Al2O3. The temperature of the system reached 346.4 K 
at 15,000 s of process for all three Nanoparticles that were 
under investigation.

The integration of carbon Nano-tubes (CNT) into bees-
wax led to an increase in the material's ability to transfer 
heat, as shown by Amberkar and Mahanwar [45]. By put-
ting it on recycled paperboard, the researchers were able to 
reduce the amount of molten beeswax that leaked out. The 
Nanocomposite made of recycled paperboard, beeswax, and 
carbon Nano-tubes was then covered with silicone adhesive. 
It made certain that melted wax would not escape. The FTIR 
spectrum of the Nanocomposite and the SEM morphology 
of it both demonstrate the physical dispersion of CNT into 
the matrix. The TES enthalpy was found to be reduced to 

Fig. 12   Experimentally deter-
mined average coefficients of 
heat transmission for flow rates 
ranging from 0.16 to 1.81 gal-
lons per minute (0.61 to 6.85 L 
per minute) [35]
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98.52 J g−1 after being analyzed by DSC for Nanocompos-
ites. As can be shown in Fig. 18, the use of PCM Nanocom-
posite sheets may extend the amount of time required to keep 
food at a temperature that is quite near to the composite's 
phase transition temperature.

Table 2 shows summary of studies outline studies on 
Nanoparticles-beeswax as PCM for TES.

Critical evaluation of utilizing beeswax 
and nanoparticles‑beeswax as PCMs for TES

The improvement of the effectiveness and sustainability 
of different energy systems depends heavily on TES. It 
entails capturing, holding, and releasing thermal energy for 
later use, which aids in balancing the supply and demand 

of energy. The use of natural substances like beeswax and 
cutting-edge technologies like nanoparticles to boost the 
effectiveness and efficiency of TES systems has garnered a 
lot of attention in recent years.

Honeybees naturally create a material called beeswax. 
Throughout history, it has served a number of uses, such 
as serving as a component for candles, cosmetics, and even 
food preservation. Beeswax is a naturally occurring, non-
toxic, renewable resource that may be collected safely with-
out endangering the environment. It also degrades naturally, 
reducing its negative effects on the environment. The poten-
tial of beeswax as a PCM in TES applications has drawn 
attention more recently. Specifically, having materials that 
can transform from a solid to a liquid or vice versa at a 
given temperature is a key component of PCM-based TES. 
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Beeswax has a relatively high latent heat capacity, allowing 
it to store a substantial amount of energy in a small volume. 
Furthermore, beeswax has a high degree of thermal stabil-
ity over numerous cycles. These are key features that make 
beeswax as a desirable material for TES and durable for 
long-term use. In other words, beeswax is a reliable and 
secure option to store heat since it can store and release a 
substantial quantity of thermal energy during the melting 
and solidification process.

While beeswax is a good material for TES, adding nano-
particles can interestingly improve it even more. Due to their 
high surface area to volume ratio, nanoparticles, which are 
extremely small particles, have special features that make 
them useful additions to improve materials' thermal con-
ductivity and heat transmission. Nanoparticles can be dis-
persed into the beeswax matrix in beeswax-based TES. This 
increases the rate of heat transmission between the solid 
and liquid states of beeswax, increasing the process' overall 
effectiveness as a means of storing thermal energy. Gra-
phene, carbon nanotubes, and metal oxides are materials 
that are frequently employed as nanoparticles in TES.

The current review elucidated the innovations and pro-
gress made in the field of utilizing Nanoparticles- based 
beeswax as PCM for TES systems. The following points 
summarize these benefits;

•	 Beeswax's improved thermal conductivity thanks to 
nanoparticles makes it possible for thermal energy to be 
charged and discharged more quickly. This is specifically 
an enhanced of heat transfer.

•	 Higher energy densities, which enable more energy to 
be stored in a smaller volume, have been achieved by 
incorporating nanoparticles into beeswax matrices.

•	 The temperature range at which the beeswax undergoes 
phase shift can be customized to certain uses by care-

fully selecting nanoparticles and altering their level of 
concentration.

•	 The melting temperature, latent heat, and heat capacity 
of the beeswax were all shown to be decreased as a result 
of the inclusion of ZnO, CuO, and soot particles.

•	 Beeswax's latent heat and thermal conductivity may both 
rise as a result of the presence of graphene Nano-platelets 
in the material.

In a summary, the advancement of thermal energy storage 
technology has showed significant potential when beeswax 
and nanoparticles are combined. These developments may 
make a substantial contribution to more sustainable and 
energy-efficient systems as research and development in 
this area continues, assisting in the shift to cleaner energy 
sources. In the race for a greener future, the utilization of 
organic materials like beeswax in conjunction with cutting-
edge nanoparticle technology is an example of how tradi-
tional knowledge and contemporary innovations can coexist 
peacefully.

Recommendation for further research

An overview of contemporary research literature on the 
use of beeswax for the storage of thermal energy has been 
offered in this article. The discussion of beeswax and 
Nanoparticles-beeswax began with their respective clas-
sifications, selection criteria, and property testing. Subse-
quently, their numerous ideas were analyzed and debated. 
Two tables were compiled to serve as a summary: the 
first table covered research on beeswax as a PCM for the 
storage of thermal energy, and the second table covered 
research on Nanoparticles-beeswax as a PCM for the stor-
age of thermal energy. It is possible to draw the following 
recommendation based on the findings of the data that are 

Fig. 18   PCM Nanocomposite 
sample and control sample tem-
perature–time profiles [45] 100
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included in Tables 1 and 2 and the thermal performance 
analysis that was included in each of the studies that were 
analyzed:

1.	 In order to facilitate more research and development, 
rice husk ash and beeswax PCM are not combined 
together all at once. It is suggested that future research 
and development use capsules (comprised of beeswax 
and rice husk ash contained inside capsules).

2.	 Due to its promising results of rising the thermal con-
ductivity of the material by a factor of two, it would 
be interesting to direct the next research to improve the 
synthesis and characterization of beeswax/multi-walled 
carbon Nanotubes PCM for TES.

3.	 The entire dispersion of nanoparticles into beeswax can 
be made more uniform and homogenous over a long 
period of time if appropriate porous media with micro-
scale holes are used. It may be possible to use this to 
address the issue of unstable beeswax nanoparticles.

4.	 Solar thermal systems can be connected with beeswax-
based TES, with or without Nanoparticles, enabling the 
effective storage of solar energy for subsequent use.

Conclusions

Beeswax is a naturally occurring PCM that has its great-
est phase transition enthalpy in the temperature range of 
60–68 °C. It has the potential to be used in a wide num-
ber of applications that include the storage of thermal 
energy. Researchers are interested in the durability and 
temperature resistance of beeswax. In a scenario with three 
changes each day, beeswax may continue to function for 
37 years. The melting point of beeswax is around 250 °C. 
The capacity of beeswax to absorb heat more effectively 
than paraffin wax has led researchers to conclude that it is 
superior to paraffin wax as an alternative. It is comparable 
to paraffin wax in that it similarly has a high melting point 
and poor heat conductivity, however it has a greater melt-
ing point than paraffin wax does. Adding additional com-
ponents such as carbon Nano-tubes, expanded graphite, 
graphene, and copper Nanoparticles has been the subject 
of a number of experiments that have been carried out in 
an effort to boost the thermal conductivity of the material. 
One could potentially reach the following findings after 
reviewing a summary of the data presented in the evalu-
ated articles:

	 1.	 The productivity of the parabolic concentrator-coupled 
single slope solar still has been improved by 62% as a 
result to the use of thermal storage (beeswax).

	 2.	 The PCMs have the ability to keep the heat energy at 
a temperature higher than 32 °C for more than eight 
hours in the room that houses the neonatal incubator. 
Beeswax fared better than paraffin in terms of storing 
heat energy.

	 3.	 The system's charging time and storage efficiency have 
been improved as a result of an increase in the fluid 
flow rate. Nevertheless, the charging time became 
longer as a result of a rise in the fluid input tempera-
ture.

	 4.	 The flow rate of heat transfer fluid has insignificant 
impact on the amount of time required for charging 
beeswax. However, the amount of time required for 
charging can be decreased when the temperature of the 
input heat transfer fluid increases.

	 5.	 Beeswax and tallow both have a high potential for 
use as PCM due to their latent heat energy content, 
whereas the addition of dammar gum improves the 
thermal conductivity of concrete containing PCM.

	 6.	 When compared to concrete that does not include 
PCM, PCM beeswax/bentonite has the ability to lower 
the temperature of the concrete by up to 6.67%.

	 7.	 A beeswax stable temperature area was used in the life 
cycle study, which revealed that the material can last 
34.76 service years at that temperature range. The Cof-
fin Mason equation was used to conduct the analysis.

	 8.	 A stable beeswax Nano-emulsion has adequate heat 
transfer properties, making it a potential candidate for 
thermal energy charging and discharging in applica-
tions involving thermal storage.

	 9.	 The composite's melting point remained about the 
same as that of beeswax, but the time required to melt 
it decreased from 540 to 360 min when the input water 
temperature was set at 80 °C and the flow rate was set 
at 2 L per minute.

	10.	 The variation in beeswax/performance CuO's was not 
significantly affected by the change in latent heat. The 
basal phase-change material melts more slowly than 
the composite beeswax/CuO, which transfers heat 
more quickly.

	11.	 The presence of graphene Nano-platelets in the bees-
wax led to an increase in both the latent heat and the 
thermal conductivity of the material.

	12.	 As the fluid flow rate and intake temperature increased, 
the charging time for beeswax and its composite 
decreased.

	13.	 The beeswax has a lower melting temperature, lower 
latent heat, and lower heat capacity as a result of the 
inclusion of ZnO, CuO, and soot particles.

	14.	 The presence of metal oxide particles resulted in a con-
siderable increase in both the pace at which the material 
melts and the amount of heat that it transfers.
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