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ABSTRACT

The availability of freshwater is increasingly becoming an international concern because of the increase

in population and the diminishing forest area as a source of water, leading to a freshwater crisis. The

coastal and swamp areas abound in water, but humans cannot consume it due to the quality. One effort
ORIGINAL RESEARCH that can be done in overcoming this problem is by treating existing raw water with solar distillation
PAPER methods. However, the main obstacle faced in this method is the intensity of sunlight that is not stable
throughout the day so that the productivity of distilled water is disrupted. Using the appropriate phase
change material (PCM) is expected to make the distillation process smoother and increase the pro-
duction of pure water. In this study, myristic acid was used as PCM in double slope solar distillation
system. Through observation, it was obtained that the average water temperature in the basin equaled to
42.5 °C while the melting point of the myristic acid was 58 °C. This shows that the use of myristic acid
as an energy storage through phase change process does not occur. Therefore, the use of myristic acid as
PCM for increasing the productivity of solar distillation in these experiments is not effective because the
melting point of PCM is higher than water temperature in the basin. Therefore, material with a phase
change temperature below 42.5 °C is more appropriate to use in these conditions.

KEYWORDS

solar distillation, PCM, myristic acid, thermal storage

1. INTRODUCTION

The main international problem today is the insufficiency of freshwater. The latest statistical data
from the World Health Organization (WHO) shows that more than two billion people around
the world have difficulty getting freshwater. It is estimated that by 2025, more than 4 billion
people will find it difficult to get freshwater. In some environments such as coastal and swamp
areas water is in abundance, but it is very difficult to obtain freshwater. For areas like this, water
treatment technology is needed to make non-consumable water into clean water, and solar
distillation is the most efficient method for providing freshwater from brackish and/or seawater.
Solar water distiller uses the heat of sun radiation to increase the water temperature in the
basin until some of the water evaporates, this makes the air inside the equipment have high
moisture. When air with high moisture touches the surface of the cover with a lower tem-
perature, the moisture in the air will condense immediately, so that pure water (H,0O) will be
obtained. The salt, minerals and the other impurities are left behind in the basin.
Of all the renewable energy resources, solar energy has the highest potential in Indonesia
because Indonesia is located around the equator so it gets abundant sunlight all the time.
*Corresponding author. Therefore, the solar distillation seems not only logical but also in some cases essential.
E-mail: nwati@untirta.ac.d Indonesia as an archipelago country has easier access to seawater or swamp water, and with
abundant solar energy potential, it is reasonable to implement solar distillation systems.
,j Naturally, the solar energy is not available all day with a fixed amount, as it is available only during

Journals the daytime. Therefore, it is an obstacle to reliance on solar energy as a primary source of energy.
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During the daytime, the solar energy supply is abundant
and varied, but at night it is zero. So it takes a technique to
store solar energy during the day and release it at night. It is
impossible to store solar radiation, but by converting the solar
energy into a latent heat in changes in certain material phases,
the energy can be stored to use when solar radiation decreases
or when it is not available at all. By using the latent heat of the
material, thermal energy can be saved. During the material
phase change from solid to liquid or from liquid to gases, some
heated energy will be absorbed for storage and vice versa.

Two main components are required to utilize solar
energy: collector units and storage units. Both components
are collector units and storage units. The collector collects
energy from the solar radiation that falls on it and converts
the energy into other forms of energy, while the storage unit
is required to store the solar radiation energy at a high
radiation intensity and immediately release it when the
intensity of solar radiation is low.

The solar distillation equipment collects the solar radi-
ation energy received and passes it through the transparent
glass mounted on an airtight basin to heat the raw water in
the basin. The incoming energy heats up the raw water in
the basin until evaporation occurs, the moisture air above
the basin surface increases. When the moist air hits the
cooler glass cover, the vapors will condense and move
accordingly to the gravity on the inner glass surface.
Furthermore, the collector holds the fresh water produced.

To maintain the balance of the distillation process, the use
of phase changes the material as an energy storage is very
appropriate. The energy storage mechanism occurs nearly the
isothermal with high storage density [1-3]. The phase change
of the temperature of each material is different, as well as the
values of the latent heat and thermal conductivity. For phase-
change material application selection, the phase change of the
temperature is of utmost importance.

The addition of the Sodium Thiosulfate Penta-Hydrate as
phase change material (PCM) in the solar desalination system
with solar collector increases the fresh water productivity up to
23%. In this experiment, the maximum temperature of water
in the basin reached 65.2 °C, while the melting point of So-
dium Thiosulfate Penta-Hydrate was 48.5 °C [4].

Thermal energy storage by involving the heat of latent
fusion has some interesting features because of its high

deshilate
slorags

Table 1. Properties requirement of PCM

Properties Requirements

Thermal Suitable Phase Change Temperature.
High Latent heat.
High thermal conductivity.
Phase equilibrium.
High density.

Small volume change.
No super cooling.
Sufficient crystallization rate.
No fire hazard.

No toxicity.

High chemical stability.
Compatibility
Low cost.
Abundant.
Available

Physical

Kinetic

Chemical

Economic

storage density and isothermal properties of the storage
process at melting temperatures. Phase changes from solids
to liquids or vice versa are preferred because the temperature
and operational pressure are lower than changes in liquid to
gas or solid to the gas phase [5-6]. Table 1 presents the
requirement of the phase change materials properties.

The aim of this paper is to investigate the influence of
myristic acid as PCM at a single basin solar distillation with
double slope type that was applied in the Cilegon area in
May 2019.

2. EXPERIMENTAL SETUP

Solar distillation plant used in this study is a system with
double slope basin stills. This system is suitable to use in
Indonesian region, because Indonesia has a climate like
summer climatic conditions. For summer climatic condi-
tions, the systems with double slope basin stills provide
better performance than the single basin stills, vice versa,
systems with single slope are better for cold climatic con-
ditions [7].

Fig. 1 shows the double slope basin stills equipped with
temperature measuring devices. The dimensions of the

Where *

Tw = Watler IBEMperature at basin

Ty ! alr temp erature in
equipment

Tg: Temperature of the inner
cover glass

Tez - Temperature of the outer
cower glase

Fig. 1. The double slope basin systems with temperature measuring devices
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basin used are 108 cm long, 60 cm wide and 30 cm deep 3, METHODOLOGY
with the glass wool coated on the outer side as insulation.
At the top of the basin there are two transparent glasses
with a 45° degree slope angle installed. The thickness of the
transparent glass used is 3 mm, which enables the sunlight
to penetrate through the water in the basin. In this
experiment, the depth of the raw water material in the
basin was 10 cm, while the data collection was carried out
every hour from 8:00 to 17:00, while the distillate water
collected measured 24 hours from 08.00 to 08.00 the next
day. Thermocouples are fixed to take the temperature of
water in the basin, air temperature above the basin, inner
and outer glass temperature, and the environmental tem-
perature.
Specification of materials in the basin:

The experiment is carried out at the same time between
using PCM and without PCM with two similar equipments
and at the same location. The research location in Cilegon at
the global position of 5.99 S; 106.03E, with a tropical (wet,
hot and humid) climate the entire year. Fig. 2 shows the two
solar distillation systems used in the test simultaneously.

The measurement data on May 15, 2019 is shown in
Table 2. The amount of distilled water in one day is determined
from the measurement results from 08.00 to 08.00 the next day,
610 mL fresh water production without PCM and 450 mL
fresh water with PCM. Thus, the production of distillation at
night was 300 mL without PCM and 330 mL with PCM.

The experiment repeated in 5 days repetitions.
1. Raw water:

Dirty water coming from the river

Quantity: 63.6 litters 4. RESULT AND DISCUSSION

2. PCM which is inserted into a plastic pipe:
Material: myristic acid, CH; (CH,);,.COOH
Mass: 4 kg Measurement of the intensity of solar radiation using a lux
Melting point: 58 °C meter. Fig. 3 shows the average of solar radiation intensity
Latent heat: 199 kJ/kg.

4.1. Intensity of solar radiation

I (ki)

800 900 1000 1100 1200 1300 1400 1500 1600

time

Fig. 3. Average distribution of solar radiation intensity throughout
Fig. 2. Solar distillation system without PCM and with PCM The day for 5 days of observation

Table 2. Experimental data on May 15, 2019

Tw (°C) Ta (°C) Vol (mL)

Time Te (°C) Ir (klx) no PCM PCM no PCM PCM no PCM PCM
8:00 33 73 35 31.2 403 424
9:00 34 84.8 38 33.9 46.1 46.4

10:00 35 60.1 34.3 36.5 45.7 483

11:00 34.7 27.8 38.6 39.5 439 447

12:00 34 33.8 41.1 40.8 41.1 40.5

13:00 33 16.3 422 414 412 41.1 50

14:00 34 19 427 41.6 422 425 80 30
15:00 32 14.4 41.6 412 40.7 40.2 100 50
16:00 31 8.2 39.9 40.9 38.7 38.7 150 100
17:00 29 0 39.8 30.7 37.3 30.7 310 120
8:00 May 16, 2019 610 450

Te is the environmental temperature, Ir is the solar radiation intensity, Tw is the water temperature in the basin, Ta is the air temperature in
stiller, Vol is the amount of distillate produced.
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for 5 days measurement. The maximum radiation intensity
value generally occurs around 10.00-14.00; the average value
at these times is 71.672 klx. While the average value of the
intensity of solar radiation from 08.00 to 16.00 is 59.108 klx
or equivalent 46.696 kW/m?.

The maximum value of measuring the intensity of solar
radiation during observation is equal to 99 klx at 11 pm on
May 18, 2019. On the third day of observation, the envi-
ronmental conditions were cloudy, so the intensity of solar
radiation dropped dramatically where at 11 am, the value of
the intensity of solar radiation was less than 30 klx.

4.2. Temperature Water in the Basin

Fig. 4 presents the average water temperature in the basin
during observation. The temperature of water with the
addition of myristic acid as PCM appears to be lower than
the temperature of water without PCM. The maximum
water temperature for systems without PCM is 46.86 °C at
15.00, while for systems with PCM at the same time ob-
tained the maximum water temperature is 44.16 °C.

Solar radiation energy is received by water to increase
water temperature in basin without PCM, while for the
systems with PCM the solar radiation energy received by the

system to increase water temperature and PCM temperature.
Thus, the increase in the water temperature in a basin
without PCM is higher compared to systems with added
myristic acid.

4.3. Distillation productivity

Fig. 5 shows distillation production during the day for sys-
tems without PCM and with PCM. The system starts to
produce distillated water when the intensity of solar radia-
tion begins to decrease. In this research, distillation starts at
13.00. Distillation produced during the day (08.00-16.00)
for systems with the addition of Myristic-acid is less than for
systems without PCM.

Furthermore, distillation production occurs throughout
the night. Fig. 6 shows the comparison of day and night
distillation production for the second day to the fifth day.
On the first day, distillated water production during the
night is not recorded.

Distillation production at night is greater than during the
daytime. For the systems without myristic acid, the increase
in distillation production at night reaches an average of
217% of the production during the day, while for the systems
with myristic acid, an increase in the average production at
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Fig. 4. Average temperature distribution of water in the basin
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Fig. 5. Distillate production during the day
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Fig. 6. Distillation production during day and night for system with PCM and without PCM

night reaches 1,404% of the production during the day.
Thus, during the day, the PCM material absorbs heat energy
from solar radiation that enters the system and at night
when the temperature of the water in the basin decreases,
the stored heat released into the water [8-11]. Therefore, the
rate of evaporation of water in the systems with PCM is
higher than the rate of evaporation in systems without PCM.
Furthermore, the condensation productivity in the systems
with PCM is higher than in the systems without PCM at
night.

Cumulatively the use of myristic acid as a PCM material
used as a storage of thermal energy is unsatisfactory because
the distillation produced for systems with the addition of
myristic acid is lower than for systems without myristic acid.
This is because the temperature of the water in the basin
does not reach the melting temperature of myristic acid.
Myristic acid added to the system only helps to store the
heat during the day and releases it at night without under-
going phase changes.

5. CONCLUSION

The use of the solar distillation plant with double slope
system installed in the Cilegon area, with 10 mm depth of
water shows the maximum water temperature in the basin
reached 51.2 °C and the average temperature in the day is
42.5 °C. This value is lower than the melting point of
myristic acid, 58 °C. So the heat storage during the day by
myristic acid does not go through a phase-change process,
thus the thermal storage capacity is small. Therefore, the
application of myristic acid as storage energy by phase-
change material in solar distillation system becomes inef-
fective. The addition of myristic acid into the basin makes
the water temperature lower than the water without myristic
acid during the day. As a result, the productivity of con-
densated water becomes low. Conversely, at night the heat
stored in myristic acid is released into the water so the
production of distillated water is higher than in the system

without myristic acid. Therefore, the addition of myristic
acid in the system becomes an obstacle during the day, but
during the night, it is quite helpful in increasing the pro-
duction of distillates.

Because the average temperature of water in the basin
reaches 42.5 °C, the selection of the recommended PCM
material should have a melting temperature below that
temperature.
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