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Abstract: The role of thermal mass in indoor air-cooling during the day is a common area of study,
which is particularly relevant for an era characterized by energy crises. Thermal energy storage (TES)
technologies for application in rooms and buildings are not well developed. This study focuses on the
use of coconut oil (co_oil) as a temperature control agent for room air conditioning systems in tropical
countries such as Indonesia, given its capability to store large amounts of heat at temperatures around
its melting point. Heat exchange studies between co_oil and the air environment were performed by
considering three factors: Temperature difference between co_oil and the air environment, the heat
absorption behavior and the release of co_oil, and the mass of co_oil required to have a significant
effect. The co_oil cell sizes were formulated as responses to natural day and night air temperature
profiles, while the performance of the co_oil mass for decreasing room air temperature was predicted
using a thermal chamber.

Keywords: thermal energy storage (TES); temperature control agents; coconut oil; solid–liquid
phase transition

1. Introduction

The application of indoor air conditioning systems is highly desirable in tropical countries like
Indonesia. Locally- and centrally-controlled air conditioners (ACs) are installed in most buildings,
including private houses, to provide cool temperatures for comfortable living and working conditions.
The operation of these facilities inevitably brings about significant increases in energy consumption.
Data released by the Japan International Cooperation Agency (JICA) in 2015 [1] show that AC systems
for buildings in large Indonesian cities, such as Jakarta, Bandung, and Makassar are responsible
for the largest proportion of electrical energy consumption (53.5%), followed by lighting (24%) and
other electrical equipment (22.5%). The temperature management strategy of day and night thermal
balancing has been introduced as a passive strategy for thermal environment conditioning, which
requires no additional energy for implementation [2]. This strategy requires a thermal energy storage
(TES) mechanism using a TES medium [3]. It has been reported to reduce indoor air temperature
fluctuations and shifting the peak temperatures in buildings [4–7]. Heat exchanges between the
thermal masses and their surroundings primarily take place by conductive and convective processes,
which largely depend on temperature differences between the surrounding air and the thermal storage
mass, as well as the thermal conductivity of the mass container. A thermal mass substance with a low
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melting point and large heat capacity could facilitate the heat exchange process and effectively act as a
temperature stabilizer for the room [8].

Commonly used building materials in cities, such as bricks, concrete, ceramic, and glass function
as thermal masses that may influence the air temperature and the fluctuation throughout the day,
particularly between day and night. These relatively large materials, excluding their structural roles,
are commonly used as a building envelope for resisting heat transfer from outside to the inside of
the building, and are also used as a building heat reservoir [9]. Brick is one of the most popular
building materials in Indonesia due to its durability under the hot and humid environment; however,
the abilities of these materials in adjusting room temperature are limited, and often do not have
significant roles in cooling rooms or buildings during the daytime. These materials do not meet the
basic criteria mentioned above for thermal storage masses.

The uncomfortable thermal environment conditions that generally occur in buildings in humid
tropics are: (1) Quite wide daily fluctuations of air temperature in dry seasons; and (2) hot humid
nighttime during the rainy season [10]. In the dry seasons, the solar radiation is very large during the
daytime and in general, the roof cover is not able to decrease the solar radiation. Conversely, at night
the air temperature drops beyond the comfort limit. The eastern wall acts as a thermal mass [9] and
gives a comforting-warming effect during the night. It is the opposite in the rainy season, the hot
humid nighttime becomes worse if the eastern wall gains an intense morning solar radiation because
it stores a lot of heat and releases it back in the hot night [9]. Application of TES in a building is to
generate a thermal balance between day and night in dry and rainy seasons [11]. In addition, TES
applications have flexibilities in indoor settings for room features (e.g., as room partitions or a drop
ceiling, etc.) [12–16].

It is necessary to develop technologies of building components integrating TES such as
wallboard [17], gypsum board [18], or reinforced concrete structures [19] to improve indoor air
temperatures (i.e., shifting peak temperatures and decreasing their intensity) [11,20]. This passive
strategy requires considerable material processing at a significant cost, and in some cases, the chemical
dopants leave some environmental problems in recycling and treatment of the materials after use.

The complexity of the passive technologies is on the method to be fit with several seasons and
different weather conditions. Experts highlight some performances of TES (i.e., heat flux reduction
through building envelope [21], controlling storage period [22], and storage capacity [22–26]). Some
important aspects that controls the storage periods are the melting and solidification temperatures,
as well as the thermal conductivity value. A number of studies that deal with melting temperature and
solidification show methods of choosing a right phase change material (PCM) for the desired working
temperature [25]. In contrast to the aspect of the storage period, many experts add appropriate dopant
material to improve the thermal conductivity [27] such as graphite [28] or metal nanoparticles [29].
The interventions on the thermal conductivity value affect the charging-discharging rates as well [30].
The night temperature value is not always fit with the required solidification temperature of the PCM,
so that the discharging process does not occur completely, especially in weather that tends to be cloudy
and warm. Weather conditions of day and night are not always the same, so that loads of cooling and
heating are not always balanced. The solidification process becomes an important aspect in which the
role of PCM cell size and solidification agent are important, so that solidification activation, such as
dew point convective cooling, will be useful [31].

In this paper, we demonstrate the performance of coconut oil (co_oil) as an effective thermal
storage mass in Bandung, Indonesia, in comparison with traditional building materials. Thermal
energy storage using co_oil utilizes its low-melting temperature, around 26 ◦C, with solid and liquid
specific heats of cp,s = 3.23 kJ/kg·K and cp,l = 2.35 kJ/kg·K [32], and its relatively large heat of fusion
(h = 70–100 kJ/kg) [32,33]. Reviews on numerous PCM as latent TES materials, which melt and solidify
at a wide range of temperatures, for various applications has been published by Sharma et al. [34],
Zalba et al. [35], Pomianowski [36], and Du [37]. Several researchers have reported on the potential of
co_oil use in active or passive TES systems for both heating and cooling of ambient air. As an active
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medium, co_oil can be used as a secondary refrigerant [11,38] and as an agent for reducing the initial
temperature of heat transfer fluid in an air conditioning machine [39]. As a passive medium, co_oil
is used to control the room air temperature, as Mettawee and Ead [40] reported on its application
in Sudan. Despite its abundant availability at a relatively low cost, as well as being human and
environmentally friendly [41], the use of co_oil is impeded by its low thermal conductivity. Coconut
oil as organic PCM has relatively long lifetime since it is thermally stable like many other organic
PCMs [42], and it has no phase separation which commonly occurs in inorganic salt hydrate PCM [43].

The aim of this work is to address the above problems by proposing a passive strategy for the
application of co_oil cells as a temperature control agent in Indonesia. A study focusing on the thermal
characteristics of local co_oil without any dopant, and the heat exchange performances of a variety of
cell geometries and sizes, is conducted. The results could be used to predict the minimum amount of
co_oil required to achieve effective temperature maintenance of a typical Indonesian living room.

Several studies on the stability of coconut oil have demonstrated that, in general, co_oil
deterioration could be caused by oxidation and microorganisms [44–49]. Coconut oil stored in a
dark bottle at room temperature (25 ◦C) possesses better oxidative properties than other vegetable
oils, such as sunflower and sesame oil, as it contains saturated fatty acids [44,45]. Experiments have
demonstrated that coconut oil quality is not affected during 12 months of storage [46]. The relatively
small moisture content (<1%), low iodine value (13.18 ± 0.22), and low BOD (biochemical oxygen
demands, 500 mg/L) of the co_oil show that it has relatively great biostability and extremely resistant
to the development of rancidity due to small content of unsaturated fatty acid [47,48]. We note
finally that the temperature interval for the charging and discharging processes of co_oil as an indoor
room thermal mass is around room temperature so that the material will not experience chemical
degradation as long as it is stored in a closed and clean container. As a comparison, virgin coconut oil
(VCO) that was heated at 190 ◦C six times and stored in a closed tube without exposure to light for
40 days shows less oxidation due to its saturated fatty acids [49]. Thus, it can be assumed that with the
chemical stability of co_oil, the daily charging and discharging processes will not affect its thermal
properties considerably.

2. Materials and Methods

The experiments involved a commercial co_oil brand in Indonesia. The temperature was measured
in a non-air conditioned room using the calibrated temperature sensors of T-type thermocouple from
Applent with an accuracy of 0.2% + 1 ◦C. To predict the effectiveness of co_oil cells in controlling air
temperature, we studied three factors: (1) Temperature difference between co_oil (T) and the air (Ta);
(2) the behavior of heat absorption and release of co_oil; and (3) mass of co_oil required to significantly
influence the air environment.

The heat exchange between the environment and co_oil occurs when the air temperature differs
from the co_oil temperature. The heat transport mechanism involves conduction and convection
dominantly. Heat transfer occurs by conduction when co_oil is in the solid phase, while convection
is the dominant heat transfer mode when co_oil melts and becomes liquid [35]. The amount of heat
absorbed by co_oil can be determined by the following energy balance equation [50]:

mc
dT
dt

= αAc(Ta − T) (1)

where m is the mass of co_oil, c is the specific heat of co_oil, α is the heat transfer coefficient of co_oil,
and Ac is the convective heat-transfer area of the container. Equation (1) can be integrated from initial
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to final time in a certain phase of co_oil (sensible solid, solid to liquid phase change and sensible liquid)
to give a set of equations (see Figure 1a):

AI =

t1∫
t0

(Ta − T)dt; mcs(T1 − T0) = αAc AI (2a)

AII =

t2∫
t1

(Ta − T)dt; mhm = αAc AII (2b)

AIII =

t3∫
t2

(Ta − T)dt; mcl(Tr − T1) = αAc AIII (2c)

where cs and cl are the solid and liquid specific heats of co_oil, and hm is the melting heat of co_oil
related to latent heat at the solid–liquid phase transition. The set values of (AI, AII, AIII) correspond to
the area of sensible solid (t0–t1), latent phase (t1–t2), and sensible liquid (t2–t3). From these equations,
one can see that the amount of heat exchanged is proportional to the area under the temperature curve
against environmental temperature for each indicated phase.
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Figure 1. Illustration for: (a) The heat absorption and (b) the heat release of co_oil.

The similar energy balance and a set of equations for heat released are given by, (see Figure 1b):

mc
dT
dt

= −αAc(T − Ta) (3)

AIII =

t3∫
t2

(T − Ta)dt; mcs(T1 − Tr) = αAc AIII (4a)

AII =

t2∫
t1

(T − Ta)dt; mhm = αAc AII (4b)

AI =

t1∫
t0

(T − Ta)dt; mcl(T0 − T1) = αAc AI (4c)

This study aims to identify the basic design requirements of co_oil cells as room air temperature
control agents, including the factors of cell size and co_oil mass. We conducted three experiments,
as follows: (1) Qualitative evaluations of the total thermal energy storage potential of co_oil; (2)
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evaluation of the performance of different co_oil cell sizes under a typical room air temperature, where
the latent phase had not fully been established; and (3) estimating the required mass of co_oil in an air
cooling system. Figure 2 show the schematic diagram and photographs of experimental work.
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for the measurement in the thermal chamber, and (e) the photograph of the thermal chamber.

The measurements were carried out in a typical room air environment and a thermal chamber
was used to replicate the desired air environment. The cubic thermal chamber had an internal volume
of 0.64 m3 and highly insulated walls, which were made from two cement layers that were 6 mm thick
each, and had a 20 mm Styrofoam layer inserted between them. The inner surface of this chamber
was covered with an aluminum foil. The chamber was thus intended to function as an adiabatic
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container. The chamber was equipped with a nickel electrical heating element (350 W) at the center of
the chamber for warming, which was surrounded by a vertical copper piping system that allowed
water to cool the chamber.

The first part of the experiment was conducted to examine the thermal properties of co_oil,
including natural heat absorption and release at certain time intervals between certain temperatures
to ascertain the effectiveness of exchanging thermal energy. A large amount of co_oil was placed
into a 2 L glass container. The experiments were performed using a thermal chamber, with the
cooling temperature set to 7 ◦C, while heating was induced naturally by turning off the cooling
engine. The temperature was measured every 15 min for 48 h by placing the temperature sensor at
the perimeter (T1) and core (T2) areas of the sample, to provide a temporal overview of temperature
changes and identify the co_oil’s melting point.

This was followed by second co_oil performance measurements, which were contained in plastic
cells that were 8 cm, 12 cm, and 16 cm in size, each of them corresponded to 0.2, 0.75, and 1.75 kg.
Each cell was equipped with a sensor at the core. These experiments were conducted to study the
characteristics of co_oil in different cell sizes through variations of its temperature in response to the
natural air environment.

In the final part of the experiment, variation in co_oil mass was measured to analyze the
performance of co_oil as a temperature control agent in the thermal chamber. For this experiment,
the chamber was set to a temperature of 39 ◦C, which represents the maximum temperature of the
tropical area in the afternoon. Starting from an initial temperature of 10 ◦C and solid physical state,
the heat absorption study of the co_oil was investigated by measuring air temperature changes
by variation in co_oil mass, where the final physical state of co_oil was liquid with a varied
final temperature between 35–37 ◦C. The air temperature decrement was determined after 1.5 h
measurement, and the temperature was stable for about 2 h for each mass variations. The results
of this study will be used to determine the minimum amount of co_oil needed to achieve effective
temperature regulation for a typical Indonesian or tropical living room.

3. Results

3.1. Thermal Characteristics and Heat Exchange Performance of Co_Oil as a TES Medium

The results for the time-dependent temperature for the melting process of co_oil are shown in
Figure 3a. The temperature data differed between T1 and T2; the perimeter area of the sample had
a closer temperature to the environment compared to the core area. This demonstrates that heat
transport inside the co_oil requires a long time due to its bad thermal conductivity.

During the solid phase, the co_oil heat absorption was characterized by a temperature increase,
signifying the sensible solid heat region, with T2 values lower than those of T1. At temperatures of
around 20 ◦C, the co_oil began to melt, and smaller T1 and T2 temperature gradients were observed,
signifying latent phase transition (solid–liquid). The co_oil was primarily composed of numerous
saturated and unsaturated fatty acids, ranging from short and medium to long chains, and they each
had different melting temperatures [51]. The melting transition of co_oil was not rapid, and occured
continuously with small temperature increases. Finally, the sensible liquid heat region (Liquid) was
characterized by a steep increase in temperature towards the air temperature.

The observations of the solidification process (Figure 3b) indicate that the solidification process of
co_oil occurs at temperatures below its melting range, with the monotonous decrease of air temperature
due to the work of the cooling engine. The same T1 and T2 profiles were observed in this process.
During the cooling process, the sensible heat release of co_oil began at temperatures around 30 ◦C,
until the temperature reached about 17 ◦C. The co_oil sample released the latent heat and it began to
solidify at a relatively constant temperature of 17 ◦C. No supercooling was observed, as indicated by a
dip in the curve, which might be due to a relatively large amount of sample used in the experiment [52].
From comparing the temperature values of T1 at the perimeter and T2 at the core of the sample,
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the results show that the perimeter region of the sample solidified earlier than the core. The heat
released by the solid region was indicated by the increase of the slope, compared with that of the
latent region.
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Figure 3. The time-dependent temperature curves for (a) melting and (b) solidification of co_oil
samples. The regions of sensible solid heat, latency, and sensible liquid heat are each denoted by
solid, solid–liquid, and liquid. The periods of those phases were different for the two thermometers as
indicated by the vertical dashed line. The solid lines indicate the linear extrapolation as a guide for
the eye.

From the co_oil melting and solidification curves (Figure 3a,b), the estimated proportionality
amount of heat exchanged between co_oil and the environment as the area below the co_oil
temperature curve towards the air environment (Ta) can be calculated, based on Equations (2) and
(4). Figure 4 shows column charts of the composition of heat absorption by co_oil (Figure 4a) and
heat released from co_oil (Figure 4b) in three distinct regions. It is to be noted that heat absorption
or heat release composition is the identification of sensible solid phase, solid–liquid phase change,
and sensible liquid phase during heat absorption or heat release processes.

These figures show that the amount of heat exchanged differs between the three indicated
regions. The amount of absorbed heat decreased in the following order, each of them with different
temperature ranges: sensible solid (8–21 ◦C), solid–liquid phase change (20–25 ◦C), and sensible
liquid (22–31 ◦C), and the amount of heat released increased in the opposite order: sensible liquid
(31–16.5 ◦C), liquid–solid phase change (18–16 ◦C), and sensible solid (18–7.5 ◦C). The sum of latent
heat and sensible liquid were approximately the same for heat absorption and heat release processes,
thus indicating that the solid–liquid phase transition of co_oil did not occur at a certain temperature,
instead, it occured simultaneously with a temperature change. The capability of co_oil to absorb heat
at temperatures exceeding 20 ◦C is approximately 50% of its total value. This indicates that co_oil can
sufficiently decrease indoor air temperature in tropical countries. This is consistent with the ability of
co_oil to store a large amount of heat between 22 and 33 ◦C, as indicated by the differential scanning
calorimetry (DSC) [33]. This temperature range is close to the comfortable living temperature range
for people in a tropical climate, although the extent of co_oil’s ability to absorb and release heat varies
at different temperatures [33]. In contrast, co_oil can release heat below 17 ◦C. This temperature is
below the lowest that can be obtained indoors, indicating that heat should be released outdoors during
the night when the air temperature is lower. The outdoor night cooling method is only intended for
the peak shifting and decreasing of the daytime temperatures. As an alternative method of getting
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out the TES during the night, some experts use the fan to increase the heat exchange between co_oil
and air [12–16,31].
Buildings 2018, 8, x FOR PEER REVIEW    8 of 16 

   
(a)  (b) 

Figure 4. The estimated amount of heat exchanged from the co_oil during (a) heat absorption and (b) 

heat release processes. The temperature ranges for each phase region are also indicated for the two 

thermometers. 

These  figures  show  that  the  amount  of  heat  exchanged differs  between  the  three  indicated 

regions. The amount of absorbed heat decreased in the following order, each of them with different 

temperature  ranges:  sensible  solid  (8–21  °C),  solid–liquid phase  change  (20–25  °C),  and  sensible 

liquid (22–31 °C), and the amount of heat released increased in the opposite order: sensible liquid 

(31–16.5 °C), liquid–solid phase change (18–16 °C), and sensible solid (18–7.5 °C). The sum of latent 

heat and sensible liquid were approximately the same for heat absorption and heat release processes, 

thus indicating that the solid–liquid phase transition of co_oil did not occur at a certain temperature, 

instead, it occured simultaneously with a temperature change. The capability of co_oil to absorb heat 

at temperatures exceeding 20 °C is approximately 50% of its total value. This indicates that co_oil can 

sufficiently decrease indoor air temperature in tropical countries. This is consistent with the ability 

of  co_oil  to  store  a  large  amount  of heat  between  22  and  33  °C,  as  indicated  by  the differential 

scanning  calorimetry  (DSC)  [33].  This  temperature  range  is  close  to  the  comfortable  living 

temperature range for people in a tropical climate, although the extent of co_oil’s ability to absorb 

and release heat varies at different temperatures [33]. In contrast, co_oil can release heat below 17 °C. 

This temperature  is below the  lowest that can be obtained indoors,  indicating that heat should be 

released outdoors during  the night when  the air  temperature  is  lower. The outdoor night cooling 

method  is only  intended for the peak shifting and decreasing of the daytime temperatures. As an 

alternative method of getting out the TES during the night, some experts use the fan to increase the 

heat exchange between co_oil and air [12–16,31]. 

In addition, based on the values of solid and liquid specific heats and the heat of fusion from 

Reference [32], we have done an estimation for the values of heat absorption and heat release per unit 

mass of coconut oil, and the results are shown at the bottom of Figure 4. From this figure, it is seen 

that  latent heat  related  to  the  solid  to  liquid phase  transition or vice versa,  is  the  largest among 

sensible heat in the solid and liquid phases. 

3.2. Cell‐Size Characteristics of Co_Oil as a TES with Regard to Room Air Temperature 

The  characterization  for  co_oil  cell  sizes was  obtained  in  two  series  of  experiments, which 

covered day heating and night cooling by comparing the co_oil’s temperature in three 8‐cm, 12‐cm, 

and 16‐cm‐sized cells. This study aimed to identify the most appropriate co_oil cell size for reducing 

the extreme values of day and night air temperatures of an isolated room by absorbing and releasing 

heat during co_oil charging and discharging periods. Other effects were related to the length of the 

0

10

20

30

40

50

60

70

liquidsolid-liquid

(25-31oC)

(22-26oC)

(21-25oC)

(8-20oC)

H
ea

t a
bs

or
pt

io
n 

co
m

po
si

ti
on

 (
%

)

 T1
 T2

(8.5-21oC)

(20-22oC)

solid

melting process

Solid Solid-liquid Liquid
0

20

40

60

80

 

E
ne

rg
y 

(k
J/

kg
)

Liquid Liquid-solid Solid
0

20

40

60

80

 

E
ne

rg
y 

(k
J/

kg
)

0

10

20

30

40

50

60

liquid

(16-7.5oC)

(18-8oC)

(16.5-16oC)

(~18oC)

(29-16.5oC)

(31-18oC)

 

H
ea

t r
el

ea
se

 c
om

po
si

tio
n 

(%
) 

 T1
 T2

liquid-solid solid

solidification process

Figure 4. The estimated amount of heat exchanged from the co_oil during (a) heat absorption and
(b) heat release processes. The temperature ranges for each phase region are also indicated for the
two thermometers.

In addition, based on the values of solid and liquid specific heats and the heat of fusion from
Reference [32], we have done an estimation for the values of heat absorption and heat release per unit
mass of coconut oil, and the results are shown at the bottom of Figure 4. From this figure, it is seen that
latent heat related to the solid to liquid phase transition or vice versa, is the largest among sensible
heat in the solid and liquid phases.

3.2. Cell-Size Characteristics of Co_Oil as a TES with Regard to Room Air Temperature

The characterization for co_oil cell sizes was obtained in two series of experiments, which
covered day heating and night cooling by comparing the co_oil’s temperature in three 8-cm, 12-cm,
and 16-cm-sized cells. This study aimed to identify the most appropriate co_oil cell size for reducing the
extreme values of day and night air temperatures of an isolated room by absorbing and releasing heat
during co_oil charging and discharging periods. Other effects were related to the length of the delay
period between charging and discharging, due to the expectation of a comfortable air temperature
range for people.

The effects of day heating and night cooling on co_oil in different cell sizes can be seen in
the graphic of charging and discharging, when co_oil temperature differs from the air temperature
of the environment. The charging process occurs when co_oil absorbs heat from the surrounding
environment during the day, while the discharging process occurs when co_oil releases the absorbed
heat at night. Figure 5 shows an illustration of the fluctuations in co_oil temperatures in different
cell sizes, compared with the ambient temperature. The co_oil can reduce air temperature variation,
where the co_oil in smaller cell sizes shows temperatures close to the ambient temperature and leads
to higher temperature variations.
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Figure 5. Illustration of the normal air temperature profile and dynamics of co_oil’s temperatures,
measured from three different cells of 8 cm, 12 cm, and 16 cm for (a) first set, and (b) second set of
experiments; each set of data were performed for three days.

3.2.1. Temperature Difference and Time-Delay Analysis

In a tropical environment, air temperature increases in the morning until noon and gradually
decreases in the afternoon until the night to early morning. The mass of co_oil that has been in a
thermal equilibrium at a certain time will enter non-thermal equilibrium at other times. The co_oil can
continue to work during the day and night because of the dynamics of air temperature changes and can
reduce the variation between day and night air temperatures. A potential use of co_oil for controlling
air temperature is indicated by the maximum temperature difference between air temperature and
co_oil in each cell size that contained different amounts of sample, with the average values shown
in Figure 6a.

From Figure 6a, it can be seen that the temperature differences are proportional to co_oil cell size,
where bigger cell sizes have higher temperature differences. Since the co_oil process is based on heat
exchange due to temperature differences with the air temperature, smaller temperature difference
values signify more energy balance between the air and co_oil. In contrast, higher temperature
difference values signify its capability in TES, although its effectiveness should be kept in mind since
large amounts of co_oil with larger cell size do not guarantee that all samples contribute as a TES
medium, due to its low thermal conductivity.

A benefit of temperature differences is the time delay for the maximum co_oil temperature,
compared to those for the peak of ambient temperature, which is shown in Figure 6b.
The implementation of time delay in the co_oil cells is important for managing its working range to
decrease air temperature further. From this figure, it can be seen that the larger cells had a longer time
delay. Longer time delays give longer shifting of peak time, and further decreases air temperature.
This means that bigger co_oil cells work for longer than the small ones during the daytime.



Buildings 2018, 8, 95 10 of 16
Buildings 2018, 8, x FOR PEER REVIEW    10 of 16 

 
 

(a)  (b) 

Figure 6. (a) The differences in maximum temperature between co_oil cells and air temperature and 

(b) its associated change in time lag, signifying the average time delay. 

A benefit of  temperature differences  is  the  time delay  for  the maximum  co_oil  temperature, 

compared  to  those  for  the  peak  of  ambient  temperature,  which  is  shown  in  Figure  6b.  The 

implementation of  time delay  in  the  co_oil  cells  is  important  for managing  its working  range  to 

decrease air temperature further. From this figure, it can be seen that the larger cells had a longer 

time  delay.  Longer  time  delays  give  longer  shifting  of  peak  time,  and  further  decreases  air 

temperature. This means  that bigger  co_oil  cells work  for  longer  than  the  small ones during  the 

daytime. 

3.2.2. Charging–Discharging Effectiveness Analysis 

The amount of heat exchanged by convection, related to the charging and discharging processes 

of co_oil, was estimated from the area between co_oil temperature and air temperature. As shown in 

Figure 7, charging capacity was increased by an increase of co_oil cell size, due to it being directly 

related  to  the  amount  of  co_oil  contained  in  the  cell.  Charging  capacity  was  higher  than  the 

discharging capacity, which indicates that heat absorption of co_oil can occur easier than heat release. 

The difference is most noticeable in the 16 cm cell, while it could be ignored for the 12 cm cell. To 

identify the impact of this, we further analyzed the average temperature of co_oil in each cell. 

 

Figure  7.  The  estimated  heat  exchanges  of  co_oil  cells,  consisting  of  charging  and  discharging 

capability for three different cell sizes. 

8 cm 12 cm 16 cm
0.0

0.2

0.4

0.6

0.8

1.0

T
em

pe
ra

tu
re

 D
if

fe
re

nc
e 

(K
)

co_oil cell size

8 cm 12 cm 16 cm
0

20

40

60

80

100

120

140

160

T
im

e 
L

ag
 (

m
in

ut
es

)

co_oil cell size

Figure 6. (a) The differences in maximum temperature between co_oil cells and air temperature and
(b) its associated change in time lag, signifying the average time delay.

3.2.2. Charging–Discharging Effectiveness Analysis

The amount of heat exchanged by convection, related to the charging and discharging processes
of co_oil, was estimated from the area between co_oil temperature and air temperature. As shown
in Figure 7, charging capacity was increased by an increase of co_oil cell size, due to it being directly
related to the amount of co_oil contained in the cell. Charging capacity was higher than the discharging
capacity, which indicates that heat absorption of co_oil can occur easier than heat release. The difference
is most noticeable in the 16 cm cell, while it could be ignored for the 12 cm cell. To identify the impact
of this, we further analyzed the average temperature of co_oil in each cell.
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Figure 7. The estimated heat exchanges of co_oil cells, consisting of charging and discharging capability
for three different cell sizes.

The average co_oil temperatures in each cell for the three measurement days and the first set of
experiments are shown in Figure 8. Coconut oil with a cell size of 8 cm shows the average temperature
value that follows the average daily air temperature increase so that the value is highest compared to
other cell sizes, and even higher than the average air temperature value. This might be due to the fact
that co_oil in 8 cm cells experience imbalances between charging-discharging capacities that make the
temperature increase gradually. On the other hand, the lowest average temperature for co_oil in 16 cm
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cells might be due to only a part of the sample contributing to the heat storage performance, due to the
large amounts of co_oil contained.
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Figure 8. The average temperature for three cycles for the different co_oil cell sizes. This figure also
shows average air temperature for comparison.

To study the behavior of the charging and discharging processes in more detail, we analyzed the
increasing and decreasing temperature periods for all co_oil cells. From the results in Figure 9, it can
be identified that all of the co_oil cells show similar charging and discharging periods, irrespective of
cell size. Charging and discharging periods may not be directly related to co_oil cell size, which only
controls the amount of co_oil mass that is involved in absorbing and releasing heat.Buildings 2018, 8, x FOR PEER REVIEW    12 of 16 

 

Figure 9. The column chart for average charging‐discharging periods of co_oil cells of 8, 12, and 16 

cm, compared to heating and cooling periods of air temperature. 

3.3. Coconut Oil Cells as a Temperature Control Agent 

The  capability  of  co_oil  in  decreasing  air  temperature was  further measured  in  a  thermal 

chamber. The capability of co_oil mass to decrease the air temperature is shown in Figure 10. From 

the figure, additional co_oil mass will result in higher reductions of air temperature linearly, which 

means that the amount of co_oil is significant in decreasing ambient temperature. 

 

Figure 10. Air temperature decrease as a function of co_oil mass and the linear fit by Equation (5). 

The thermal mass capability of co_oil for air temperature control (x) can be calculated by the 

following formula: 

m
V

x
T

r
a    (5) 

8 cm 12 cm 16 cm Air
00:00

04:48

09:36

14:24

19:12

24:00

 

 

T
im

e 
D

ur
at

io
n 

(h
ou

rs
)

co_oil cell size

 discharging
 charging 

0 1 2 3 4 5 6
1.5

2.0

2.5

3.0

3.5

4.0

4.5

T
a (

K
)

co_oil mass (m)

Figure 9. The column chart for average charging-discharging periods of co_oil cells of 8, 12, and 16 cm,
compared to heating and cooling periods of air temperature.
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On average, it can be seen that the charging period was shorter than the discharging period, i.e.,
it occurs for about 10 h from morning to afternoon, while the discharging process occurs for about
13:40 hour’s duration, from afternoon to the early morning of the next day. Heating in the charging
process is intense, while the discharging process involves gradual heat release.

3.3. Coconut Oil Cells as a Temperature Control Agent

The capability of co_oil in decreasing air temperature was further measured in a thermal chamber.
The capability of co_oil mass to decrease the air temperature is shown in Figure 10. From the figure,
additional co_oil mass will result in higher reductions of air temperature linearly, which means that
the amount of co_oil is significant in decreasing ambient temperature.
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Figure 10. Air temperature decrease as a function of co_oil mass and the linear fit by Equation (5).

The thermal mass capability of co_oil for air temperature control (x) can be calculated by the
following formula:

∆Ta =
x
Vr

m (5)

where m is the mass of co_oil, Vr is the room volume where the co_oil cells are placed, and ∆Ta is the
air temperature decrement value. The resulted value of x as the slope of the graph times Vr is equal
to 0.533 K.m3/kg. The intercept of the graph is not zero due to existing thermal mass effect of the
thermal chamber. As temperature control agents, the most important aspect of co_oil cells is their
ability to control the maximum daytime air temperature. With the simple formula stated in Formula
(5), the amount of co_oil for one typical 3 × 4 m2 room of an Indonesian house can be estimated. As an
example to decrease air temperature by 2.0–2.5 K, the amount of co_oil required is about 135–170 kg.
We note that that relatively large amounts of co_oil mass could be utilized as a panel of the partition
wall, ceiling devices, furniture, etc. in the room, where the co_oil is contained in the form of cells,
as illustrated in Figure 11a. In addition, Figure 11b shows the heat exchange between co_oil and its
air environment. The heat exchanger as shown in Figure 11 implements the indirect concept [12], so
that the airflow inside the heat exchange unit does not interfere with the occupants. This semi-active
technology model can facilitate the heat exchange with outer space by adding ducts that connecting
outer space and heat exchanger units. Alternatively, one can use a separate space such as a plenum or
raised floor with additional ducts, so that the cooler air from outdoor is blown in while the warm air is
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blown out. This technology model can facilitate outdoor night cooling during the rainy season with the
warm air temperature at night, so that the discharging process requires a lower outdoor temperature.
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In the humid night air, the potential for dew point evaporative cooling on the co_oil cell is large
enough so that the discharging process can play more intensively. In addition, the use of water spray
on heat exchanger units will be highly effective in a dry air environment [53]. A similar technology to
accommodate the outdoor night cooling requirement is pivot wall technology in which each side of
the wall alternates on the outer side of the room [54].

Architects and interior designers should pay attention to this possibility for the energy
conservation program, in order to reduce the electrical energy consumption for AC [11]. The use of
coconut oil as a passive air conditioner is appropriate and affordable because of its relatively low price
and easily constructed with low construction cost.

4. Conclusions

In this paper, we demonstrated the performance of coconut oil (co_oil) for a potential TES system
in tropical countries, such as Indonesia. Coconut oil could perform as a temperature control for indoor
air temperatures above 20 ◦C, although only about 50% of its capability for absorbing or releasing heat
was involved. The latent heat charging process occurs at a temperature range of 20–25 ◦C, while the
latent heat discharging processes occur at relatively low temperatures of 16–18 ◦C. It should, therefore,
be possible to arrange an outdoor night cooling system for effective discharging.

Due to its low thermal conductivity, related to heat transfer, the volume of the co_oil cell, which
influences its performance as a thermal control agent, should be considered. From the experiment
that used 8 cm, 12 cm, and 16 cm co_oil cells, we found that the temperature of all of the co_oil
cells followed the dynamics of the ambient temperature, with smaller co_oil cell sizes having smaller
differences with air temperature and smaller time delays. The average temperature of the 8 cm co_oil
cells tended to increase with time, which was due to the fact that the charging capacity was larger than
its discharging capacity. The average temperature of the 16 cm co_oil cells, however, was relatively low
and constant, which suggests that only part of the sample contributed to energy storage. The co_oil
with a cell size of 12 cm showed a balance between charging and discharging capacities, which could
be the most ideal co_oil cell size for the direct heat exchange with the environment.
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The capability of co_oil for decreasing indoor air temperature per unit of air volume was measured
by experiments conducted in a thermal chamber. It was found that the estimated co_oil mass required
to decrease the maximum air temperature of a typical 3 × 4 m2 room size by 2.0–2.5 K in the afternoon
is about 135–170 kg. We note that the potential of co_oil as a TES for a temperature control system in
Indonesia could be explained by the above prediction, as the amount of co_oil required is achievable.
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