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Abstract The global building sector has demonstrated
a massive increase in energy demand, which is contributed
by the rapid economic progress, urbanisation, and
improved living standards. Furthermore, a significant
portion of this energy is consumed by the space cooling
and heating processes through daily activities. In this study,
the energy efficiency benefits of bio-phase change
materials (BioPCMs) in improving the thermal insulation
of Malaysian buildings were investigated. Additionally,
the study aims to contribute to the sustainable development
objectives. Malaysia has several abandoned palm and
plantation oil sources, which can be studied as BioPCMs in
the tropical climate environment. Furthermore, a heat flow
metre was utilised to measure the thermal conductivity of
concrete specimens. Based on the findings, an improved
thermal expansion coefficient was determined between
palm oil and vegetable oil ester. The palm oil thermal
performance measured was 0.0983 W/mK, which was
lower than vegetable oil (0.1031 W/mK). Resultantly,
palm oil and vegetable oil are efficient BioPCMs in
lowering thermal conductivity values and improving
energy efficiency in tropical climate buildings. Thus, palm
oil has demonstrated its suitability as a sustainable energy
source for applications, such as cold storage, space
applications, and transportation.

Keywords Energy Demand, Bio-Phase Change
Material, Palm Oil, Vegetable Oil Ester

1. Introduction

Currently, higher standards of living require more
structures to be built to accommodate the demands of the
growing population. Nevertheless, the demands also
produce multiple energy efficiency and sustainability
issues. Thus, environmental issues have become one of
society’s most essential concerns due to over-exploitation
and the increasing human population. In 2021, the US
Environmental Protection Agency (EPA) accomplished
research works on the degradation of natural resources [1].
Many greenhouse gases are produced during building
constructions, which include carbon dioxide (CO,),
methane (CHy), nitrous oxide (N,0), and ozone (O3).
Moreover, these greenhouse gases contribute to ozone
depletion and climate change issues. The carrying capacity
of earth and nature also has exceeded its limit and is
unable to be extended, respectively. To effectively address
this concern, the built environment can be redesigned
sustainably. Therefore, sustainable construction aims to
reduce the adverse environmental effects of the
construction industry [2]. The construction materials and
technologies play an essential role in reducing greenhouse
gas emissions and preventing energy waste [14].

In building and home constructions, insulation remains
the most severe issue. Building constructions can
deteriorate over time, which abandoned materials may
transform into substances that store and release heat at
specific temperatures. Hence, the deterioration process can
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reduce the energy efficiency of buildings. Phase change
materials (PCMs) are studied as building insulation options
to increase the inertia of buildings and stabilise the interior
environment by storing and releasing heat [3]. In addition,
PCMs can store and release heat energy depending on their
temperature, which permits them to give winter heat and
absorb summer heat. For example, concrete is the most
prevalent construction material, which PCMs can extend
its applicability [4]. The production of PCMs in concrete
reduces energy consumption and improves comfort.
Nonetheless, PCMs in tropical-based climate building
constructions require established test methods and a better
understanding of technical and fundamental concerns.
Furthermore, PCMs in tropical nations are still in their
early stages [5]. In Singapore, the energy performance of
the PCMs was studied to reduce the cooling load in tropical
climates [6]. The study discovered that PCMs were able to
reduce heat gain when applied to building envelopes.
According to the results, PCMs are effective all year round
in the tropics, as opposed to other regions where it is only
effective during certain seasons. In another research, the
PCM wall panels were examined in different climates to
minimise air conditioning power use [13]. The research
tested cool-coloured coatings mixed with PCMs in the
tropical climate of Singapore [7]. Based on the results, the
two passive cooling systems have reduced energy
consumption by approximately 5 to 12%. Hence, the
investigations revealed that PCMs can enhance energy
efficiency.

Despite the recent adoption of Malaysia in realising
green buildings, PCM applications remain uncommon.
Furthermore, information on the PCM types that are
acceptable for use in Malaysia is still lacking. The thermal
performance of walls should be prioritised to increase the
energy efficiency of buildings. Several benefits can be
obtained when losses are eliminated, such as reduced
electricity consumption, cheaper production costs, and
being environmental-friendly. Since PCMs are used and
tested in buildings, these materials have not been
investigated for cooling purposes in hot and humid areas
[8]. Thus, the thermal performance of BioPCMs in tropical
climates was determined in this research. The thermal
insulation coefficients of palm oil and vegetable oil ester as
BioPCMs were also measured and compared in this study.

2. Methodology

2.1. Materials and Methods

In this study, the wall condition of a building in a
tropical climate was assessed. The thermal performance of
walls mixed with BioPCMs was analysed as case studies.
A concrete block with dimension size of 15 cmx 15 cm x 6
cm was integrated with a 1 cm BioPCM layer in the centre.
Furthermore, palm oil and vegetable oil ester have several
advantages over traditional PCM procedures, such as
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non-flammability, non-corrosion, and non-toxicity [9].
Malaysia is the second-largest producer in the world of
palm oil with a planted area of 5.9 million hectares [11].
Palm oil has been recently highlighted as one of the most
promising PCM materials [11], with vegetable oil ester
coming in second [12]. Vegetable oil is produced from
maize oil and soya oil ester, which have a low melting
point and a high freezing point. In addition, vegetable oil
includes multiple unsaturated fatty acids. In this study,
vegetable oil ester was selected as a comparison to palm
oil.

Figure 2. A photograph of the concrete specimen samples

2.2. Experimental Calculations

In Figure 1, the heat flow metre was used for the sample
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tests in this study. Initially, the Department of Environment
(DOE) method was utilised to calculate the ratio of cement,
aggregate, and water required to produce the test samples.
Three samples were produced with dimension sizes of 15
cm X 15 cm x 6 cm as depicted in Figures 2 and 3.
Subsequently, the temperature readings of the plates and
the heat flux were obtained using a heat flow metre (see
Figure 4). The value of the variables was recorded for 1.5
hours after the assessments were completed. The thermal
conductivity value was calculated using Fourier’s Law as
follows:

QXL

T AXAT
where k is the thermal conductivity (W/mK), Q is the heat
transfer (W), L is the thickness of the sample (m), 4 is the
cross-sectional area of the sample (m?), and AT is the

temperature difference between the opposite sides of the
samples.

Figure 3. A photograph depicting the production process of palm oil or
vegetable oil layers in the middle of the concrete specimen
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Figure 4. A photograph representing the heat flow metre reading
process using SOLCAL software

2.3. Experimental Procedures

2.3.1. Phase 1: Materials Preparation

The materials needed for specimen preparation were
focused on Phase 1. Initially, the ratio of cement, aggregate,
sand, and water was calculated using the DOE method. The
palm oil and vegetable oil chosen as BioPCMs were
packed into PVC tubes (1 cm diameter) as shown in Figure
5. Subsequently, the various materials were prepared and
weighed based on the calculated values from the DOE
method (see Figure 6). Lastly, the fibre board was
collected and cut into the required size and shape in the
Wood Fabrication Laboratory (see Figure 7).

Figure 5. A photograph depicting the BioPCMs packed in the PVC
tubes



2936

Figure 6. A photograph depicting the cement, coarse and fine aggregate,
sand, and water calculated using the DOE method

2.3.2. Phase 2: Casting Process of Concrete Specimens

In this study, three concrete specimens were cast in
Phase 2. Initially, the materials prepared in Phase 1 were
mixed to ensure the strength of the concrete is similar to the
ordinary concrete in buildings. A slump test was performed,
which fulfilled (70 + 20) mm as shown in Figure 8. A layer
of palm oil was lined inside a mould with a dimension area
of 15 cm x 15 cm. Concrete was poured into the mould
until a 3 cm height was reached. Subsequently, a layer of
palm oil tube was poured onto the concrete layer. Concrete
was poured again into the mould until a 6 cm height was
reached. The experiment was repeated with the
aforementioned steps by replacing the palm oil with
vegetable oil ester and without any oils as control. The
specimens were stored for 48 hours to allow the concrete to
cure. The specimens were then transferred into the water to
cure for 28 days before finally removing them (see Figure
9).

Figure 7. A photograph of the fibre board and heat flow metre
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Figure 9. A photograph of the final concrete specimens after 28 days of
curing

2.3.3. Phase 3: Lab Testing and Analysis

In Phase 3, a heat flow metre was used to test all the
produced specimens. Initially, the samples were inserted
into the heat flow metre. During the experiment, the top hot
plate remained at a temperature of approximately 50°C.
The heat was then transferred through the specimens to the
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bottom cold plate. Subsequently, the experimental data was
observed and recorded using the SOLCAL programme.
The data was then collected and analysed to determine the
thermal conductivity values of the specimens. Finally, the
experiment was repeated by placing a fibre board on top of
the specimen to compare the results.

3. Results and Discussion

The experimental results obtained for the specimens are
discussed in this section. The temperature change, heat flux,
and thermal conductivity of three concrete specimens were
analysed. In Case 1, palm oil-based BioPCM specimens
with and without the fibre board were compared. In Case 2,
the vegetable oil-based BioPCM specimens with and
without the fibre board were also compared. Finally, the
comparison of specimens in the absence of BioPCMs with
and without the fibre board was compared in Case 3 as a
control.

3.1. Results

3.1.1. Case 1: Palm Oil-based BioPCMs

The temperature and thermal conductivity of palm
oil-based BioPCM specimens with and without the fibre
board were compared as shown in Table 1. The
temperatures of the hot and cold plates and heat flux were
obtained in the heat flow metre tests. Based on the results
of the calculated thermal conductivity values, lower heat
flux was demonstrated by the palm oil-based BioPCM
specimen with the fibre board. Furthermore, the thermal
conductivity values for the palm oil-based BioPCM
specimen were lower by 3% when compared to the
specimen without the fibre board. Hence, an improved heat
insulation performance was observed with the utilisation of
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ester-based BioPCM specimen with a fibre board.
Therefore, an improved heat insulation performance was
depicted. A 2% reduction in thermal conductivity value
was calculated with the use of the fibre board. Furthermore,
the thermal conductivity value in Case 2 was
approximately 5% higher than in Case 1. Based on this
result, palm oil was demonstrated to be a more suitable
choice than vegetable oil ester as a BioPCM.

Table 2. Summary of the parameters for vegetable oil-based BioPCMs
with and without the fibre board

Parameters Without With fibre
fibre board board
Hot plate temperature, (°C) 50 50
Cold plate temperature, (°C) 28.7 28.5
Thickness of specimen, (m) 0.06 0.06
Heat flux, (W/m?) 36.6 36.4
Thermal conductivity, (W/mK) 0.1031 0.1016

3.1.3. Case 3: Specimens without BioPCMs

The temperature and thermal conductivity were
displayed in Table 3 for specimens in the absence of
BioPCMs with and without the fibre board. Based on the
calculated thermal conductivity values, a 2% reduction was
observed for the specimen with a fibre board on top.
Resultantly, an improved heat insulation performance was
depicted with the use of the fibre board in the specimens
without BioPCMs.

Table 3. Summary of the parameters for specimens in the absence of
BioPCMs with and without the fibre board

fibre board in the Case 1 study.

Table 1. Summary of the parameters for palm oil-based BioPCMs with

and without the fibre board

Parameters Without With fibre
fibre board board
Hot plate temperature, (°C) 50 50
Cold plate temperature, (°C) 30.4 30.3
Thickness of specimen, (m) 0.06 0.06
Heat flux, (W/m?) 36.9 36.6
Thermal conductivity, (W/mK) 0.1130 0.1115

Parameters Without fibre With fibre
board board
Hot plate temperature, (°C) 50 50
Cold plateotemperature, )76 273
O
Thickness of specimen, (m) 0.06 0.06
Heat flux, (W/m?) 36.7 36.2
Thermal conductivity,
(W/mK) 0.0983 0.0957

3.1.2. Case 2: Vegetable Oil-based BioPCMs

The temperature and thermal conductivity of vegetable
oil ester-based BioPCM specimens with and without the
fibre board were illustrated in Table 2. A lower thermal
conductivity value was observed for the vegetable oil

The thermal conductivity values in Case 1 and Case 2
were lower than in Case 3. Thus, both palm oil and
vegetable oil ester proved effective as BioPCMs in
providing improved thermal performance.

3.2. Data Analysis

In Figure 10, the temperature change of palm oil-based
BioPCM specimens with and without the fibre board (Case
1) was observed for 90 minutes. An initial temperature of
26°C was depicted by both specimens, which increased
gradually. The temperature for palm oil-based BioPCM
without fibre board increased to 27.6°C. Subsequently, the
increase in temperature remained constant and higher than
the palm oil-based BioPCM with the fibre board.
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Alternatively, a final temperature of 27.3°C was reached
for the palm oil-based BioPCM with the fibre board, which
then the increase in temperature remained constant. The
results revealed that enhanced heat insulation was provided
by the fibre board. Nonetheless, the lower thermal
conductivity process was displayed by specimens with
palm oil-based BioPCMs when compared to vegetable oil
BioPCMs and without any BioPCMs.

The temperature change of vegetable oil-based BioPCM
specimens with and without the fibre board (Case 2) was
observed for 90 minutes in Figure 11. Both specimens
recorded an initial temperature of 26°C, which then
increased gradually. The temperature for vegetable
oil-based BioPCM without the fibre board observably
increased to 28.7°C. The increase in temperature then
remained constant, which remained higher than the

27.8
27.6
274
27.2

27
26.8
26.6
26.4
26.2

26

25.8
0-30
s Palm oil based BioPCM
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vegetable oil-based BioPCM with the fibre board (28.5°C).
Hence, a negligible effect in lowering heat insulation was
depicted with the fibre board. In Case 2, the temperature
increased higher than in Case 1 but remains lower than in
Case 3.

In Figure 12, the temperature change of specimens in
the absence of BioPCMs with and without the fibre board
(Case 3) was observed for 90 minutes. Both specimens
displayed an initial temperature of 26°C, which then
increased gradually. Without the fibre board, the
temperature increased to 30.4°C, which then remained
constant. Nevertheless, a final temperature of 30.3°C was
reached for the specimen with the fibre board.
Subsequently, the increase in temperature remained
constant. Based on the observation in Case 3, the
temperature values were higher than in Case 1 and Case 2.

31-60 61-50

Palm oil based BioPCM with fibre hoard on top

Figure 10. Graph indicating the temperature difference for palm oil-based BioPCMs with and without the fibre board (Case 1)
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Figure 11. Graph indicating temperature difference for vegetable oil-based BioPCMs with and without the fibre board (Case 2)
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Figure 12. Graph indicating temperature difference for the specimens in the absence of BioPCMs with and without the fibre board (Case 3)
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3.3. Discussions

In Case 1 and Case 2, the temperatures and thermal
conductivity values were lower when compared to Case 3.
Hence, both palm and vegetable oils were shown to be
effective BioPCMs. Moreover, both oils can reduce
thermal conductivity and improve energy efficiency for
buildings in tropical climate regions. Conversely, palm oil
is a more suitable choice than vegetable oil as a BioPCM.
The lower temperature and thermal conductivity values of
palm oil were successfully achieved. When the fibre board
was utilised in both cases, the effect of temperature change
revealed little influence but improved performances.

Despite the lower thermal conductivity in the composite
samples, a larger heat storage capacity was illustrated in
concrete specimens. Hence, the presence of BioPCMs was
responsible for both thermal impacts. In addition, the
temperature fluctuation observed was reduced when
BioPCMs was added to the specimens. The PCMs acts as
thermal capacitors during the heat application process. The
incoming solar energy was stored while partially letting a
portion of the energy transfer to the opposite side. Thus, the
thermal conductivity characteristic diminishes, which
reduces the temperature transfer to the opposite side. The
observation is analogous to a building in a tropical location,
which is exposed to high temperatures all day. Therefore,
PCMs aid in insulating a significant amount of heat from
the exterior environment. Moreover, the energy required to
maintain an appropriate interior temperature can be
minimised.

3.4. Research Findings and Comparison Studies

In a similar study, the thermal conductivity of a cooling
agent in concrete was assessed using a thermal
conductivity test [15]. The samples with dimension sizes of
250 mm x 250 mm x 100 mm were produced for the
thermal conductivity tests. Additionally, the temperature
difference between each section was recorded for 1.5 hours
until the temperature difference remained constant. The
evaluation of this research and the sample list were shown
in Table 4. Furthermore, the results illustrated in Table 4
were summarised in Table 5.

Based on previous research works, the lowest thermal
conductivity (0.17 W/mK) was produced by sample S4. In
contrast, the palm oil and vegetable oil ester in this
research revealed thermal conductivity values of 0.0983
W/mK and 0.1031 W/mK, respectively. Therefore, the
thermal conductivity values in this research were
approximately 40% to 50% lower than the S4 sample.
Furthermore, the palm oil and vegetable oil ester were
proven to perform efficiently as BioPCMs, which was
observed from the lower thermal conductivity values.

The material is more insulating against heat when the
thermal conductivity value is lower. Since palm oil and
vegetable oil ester can function as BioPCMs, they can be
properly integrated within the structures of building
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materials. Additionally, the integration process can be
performed in the right quantity and at a properly designated
location. Thus, the BioPCMS can provide indoor thermal
comfort within the building structures. Although several
differences were observed between previous and current
research works (such as the size of specimen and type of
heat flow metre used), the effectiveness of palm oil and
vegetable oil ester utilised as BioPCMs was still effectively
proven. Currently, more research works were performed on
palm oil and vegetable oil ester as BioPCMs, such as in
walls, floor heating systems, ceilings, and as fireproof
building materials to prevent the spread of fire.

Table 4. Summary of samples from previous literature works

Sample code Samples
S1 Lightweight Concrete + Propylene Glycol
S2 Lightweight concrete + Glycerine
$3 Lightweight Concrete + 5% Gypsum Powder +
Glycerine
4 Lightweight Concrete + 10% Gypsum Powder +
Glycerine
S5 Lightweight Concrete + 5% Gypsum Powder +
5% Coconut Shell Powder
6 Lightweight Concrete + 10% Gypsum Powder +
10% Coconut Shell Powder
Table 5. Summary of the temperature difference and thermal
conductivity values from samples S1 to S6
Temperature Thermal
(&) Temperature conductivity
Sample difference, AT
°C) value, k
Hot Cold ( (W/mK)
S1 38.43 | 30.91 7.52 0.36
S2 3823 | 31.30 6.93 0.35
S3 38.36 | 28.53 9.83 0.27
S4 42.00 | 26.31 15.69 0.17
S5 33.10 | 25.51 7.59 0.35
S6 40.99 | 28.03 12.96 0.20

4. Conclusions

In conclusion, the heat conductivity of concrete
specimens with various BioPCMs was successfully
investigated in this study. Based on the results, the
potential of palm oil and vegetable oil in lowering the
thermal conductivity of concrete and heat-absorbing
capabilities was proven. Additionally, the thermal
engineering properties of heat storage in concrete materials
increased efficiently when BioPCMs were added.
Moreover, the ability of BioPCMs to absorb heat in
concrete was further improved. In this study, a higher
performance was revealed in palm oil than in vegetable oil.
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Therefore, BioPCMs based on palm oil were demonstrated
to be effective. In summary, the objectives of comparing
the thermal coefficients between palm oils and vegetable
oil esters were successfully explored.

When BioPCMs are appropriately integrated within the
building materials in the correct quantities and at the proper
location, they can provide indoor thermal comfort in the
building structures. Thus, the use of fibre boards can be
utilised on top of the non-structural outer walls in buildings
with curtains. The BioPCMs aid in insulating a significant
quantity of heat from the exterior environment. Hence, the
energy required to maintain a comfortable interior
temperature can be reduced. Nevertheless, the
energy-saving potential of BioPCMs varies depending on
the location and condition. BioPCMs are compatible with a
wide range of construction materials to increase thermal
energy storage in buildings. According to the case studies
in this research, the thermal conductivity values can be
lowered when a heat-insulated fibre board was used. Based
on this research, renewable energy sources are critical, and
thermal energy storage materials are valuable green energy
sources. Hence, the objective of determining the thermal
performance of BioPCMs in a tropical climate was
successfully achieved.
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