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drinking and farming; the rest is seawater containing much salt. Solar desalination
is a great tool to solve this problem for small families and remote areas. However,
the disadvantage of using solar power is still the low productivity of distillate
because it depends on the season, region, and intensity of solar radiation. Solar
radiation heat absorbing and storing materials are a favorable solution in increasing
evaporation rate, efficiency, and total distillate. Many have been developed to date,
but these materials require more expenditure to be used as radiation heat sinks and
stores. Charcoal derived from wood has high thermal energy absorption and
porosity. Four desalination devices were used, namely using an additional absorber
made from Kapok wood (Ceiba pentandra) coded CP_60, Gamal wood (Gliricidia
sepium) coded GS_60, Kusambi wood (Schleichera oleosa) coded SO_60, and
without additional absorber as a comparison. All desalination devices have the
same shape and size, simple, with an area of 0.09 m? each. Before the additional
absorber base material is used, drying, charring, grinding, meshing, pressing, and
briquetting are carried out. The test results show that the additional absorber of
natural materials affects the evaporation rate, desalination efficiency, and total
distillate water. The distillation device using Gamal wood (Gliricidia sepium)
additional absorber material, coded GS_60, provides maximum performance such
as distillate water yield every 30 minutes and total distillate 124 ml/0.09 m?,
28.19% efficiency, and evaporation rate.
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1. Introduction

The most abundant substance on Earth is water, but only 2.5%, because the rest is seawater, which contains
high salt elements [1]. Desalination technology is an exciting option to provide clean water [2]. The technologies
are highly developed, such as multi-stage flash evaporation (MSF), multi-effect distillation (MED), vapor
compression (VP), reverse osmosis (RO), forward osmosis (FO), and electrodialysis/electrodialysis reversal
(ED/EDR) [3]. However, these technologies require conventional energy sources such as fossil fuels or
electricity [4]. Fossil fuel desalination is estimated to contribute 400 million tonnes per year of global emissions

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that allows others @ G)
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship
and initial publication in this journal.
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over the last 25 years. Renewable energy use for the desalination process, such as solar thermal energy, is
necessary [5][6]. Therefore, the desalination process is challenging to implement in remote areas due to its high
cost and unavailability of conventional energy.

Solar energy is a widely used renewable energy source because it is environmentally friendly, has easy
availability, and the radiation flux reaching the Earth is about 8 x 104TW [7]. There are two types of desalination
techniques developed that utilize solar energy effectively, namely solar photovoltaics and solar thermal
collectors [8]. In the desalination process, solar energy is used to heat and raise the temperature of seawater to
increase the evaporation rate [9]. Solar thermal energy utilization for industry and households as drying, space
heating, water heating, and seawater desalination, through solar panels has been tested [10]. However, the
disadvantage of solar energy desalination is still the low productivity of the distillate because it is highly
dependent on the season, region, and intensity of irradiation in a day [11]. Other researchers claim two reasons
for the low productivity of solar-powered desalination. Firstly, it is difficult to release the latent heat of
condensation into the atmosphere and secondly, it is difficult to increase the evaporation temperature and reduce
the condensation temperature [12].

Due to the above limitations, several innovative techniques have been investigated, such as externally cooled
thermoelectric modules [13], parabolic dish concentrators [13][14], mirrors [15][16], porous media [17],
ultrasonic humidification materials [18], heat pipes [19], external condensers [20], energy storage [21], and
nanoparticles [22]. In addition to the above parameters, heat storage materials are a promising solution in
improving solar stills' heat and mass transfer. Such materials provide higher surface area [23], such as gravel
[24][25], metal wire sponge [26], and many more to increase the water temperature in the solar desalination
basin. However, these materials require more energy for radiation heat absorbers and storage. So, it is necessary
to develop radiation heat absorbing and storing cheap, easy-to-obtain, and abundant materials.

Charcoal derived from wood has high thermal energy absorption and porosity. How charcoal is used in various
forms significantly influences freshwater productivity. Using charcoal creates a larger surface for radiation and
convective heat transfer [27]. Adding charcoal to water increases the energy supply for evaporation by
increasing the absorption of solar energy into the water, and is a good material for absorbers/evaporators and
water transport media [28][29].

These charcoal materials store 5-14 times more heat per unit volume than water-sensible storage materials. Also,
economic considerations and availability are abundant [30]. The use of charcoal to improve evaporation
efficiency in the desalination process has been carried out [31][29], using charcoal blocks can increase repair
by 8% [32], and charcoal in use can increase productivity by 15% compared to wick type still, and it also has
the advantage of low thermal capacity [23]. Many energy-absorbing and storing organic, inorganic, and eutectic
materials are available based on the required temperature range. However, we must use the available materials
and cover the poor physical properties with adequate system design. Kapok wood (Ceiba pentandra), Gamal
wood (Gliricidia sepium), and Kusambi wood (Schleichera oleosa) are abundant in the world. The purpose of
this research is to increase the evaporation rate, desalination efficiency, and volume of desalinated water by
utilizing the potential of natural materials of kapok charcoal briquettes (Ceiba pentandra), Gamal
(Gliricidiasepium), and Kusambi (Schleichera oleosa), to absorb solar energy.

2. Research method

2.1. Description and operating principle

The desalination test media used four basins with the model of Figure 1, the same as that developed by [33],
where the shape of the basin is a combination of a pyramid and a cuboid. The basin walls are made of 9 mm
plywood on the outside and 2 mm acrylic painted black on the inside. The cuboid of the basin has a 30 cm
length, 30 cm width, and 10 cm height. The pyramid section has a 30 cm length, and 30 cm width, and the height
of the back of the pyramid is 20 cm. This size considers the length of the path traveled by the distillate water
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from the top of the cover through the distillate channel. Basin has two stages which are made from isolator
material multiplexes that have a thick 12 mm. The inside of the basin was made from acrylic with 2 mm
thickness. The color of the inside basin is black which functions as a heat absorber of solar thermal. The cover
of the basin uses 2 mm transparent glass. This cover is a part where condensations occur. The top side is made
of 2 mm transparent glass as the basin cover with a 30° orientation to the horizontal with dimensions of 30 cm
x 30 cm. Glass selection refers to the previous research on glass thickness [34] [35] and the angle of the glass
to the horizontal plane of 30° [36]. In the bottom of the basin, a plastic pipe with a diameter of 0.4 cm was
installed to channel the distillate water to the container outside.

The absorbent plate and additional absorbent in wood-based charcoal briquettes in the basin with seawater
absorb solar radiation heat. Charcoal briguettes not only have heat-absorbing characteristics but also have good
heat energy storage properties. Because of the heat stored in the charcoal briquettes and the characteristics of
seawater, namely wetness and capillarity when in contact with charcoal briquettes (solid objects), seawater rises
faster to the surface of the charcoal briquettes and eventually evaporates. The water vapor migrates upwards to
the glass cover of the basin.

30 M

Ty = glass temperature, RHy = room humidity, T, = basin room temperature, Tcg = surface temperature of
charcoal briquettes and Ts, = water surface temperature.

Figure 1. Design of test equipment

The glass temperature is much lower than the water vapor temperature, so the water vapor is condensed.
Condensate droplets (distilled water) appear and slide down following the inner glass surface and are received
by the gutter and forwarded out (container).

2.2. Preparation of the absorbent charcoal briquettes

The solar heat absorber used in this study is an absorber plate painted black at the base of the basin and charcoal
[37], in the form of additional briquettes of 3 types of wood. Charcoal briguettes of 3 types of wood are Kusambi
wood (Schleichera oleosa), gama (Gliricidia sepium), and Kapok (Ceiba pentandra) obtained from the
surrounding area, whose availability is relatively abundant. Furthermore, the names of the wood species above
were converted into code form, namely SO_60 for charcoal briquettes of Kusambi wood (Schleichera oleosa),
GS_60 for charcoal briquettes of Gamal wood (Gliricidia sepium) and CP_60 for charcoal briquettes of Kapok
wood (Ceiba pentandra).
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Figure 2. The process of making charcoal sorbents

The primary material for making charcoal is dry logs from three rich species that are found abundantly in the
neighborhood. To make the charcoal, the dried logs were cut into 20-30 cm pieces and placed in three charcoal
activation containers of the same size for height hours. After that, the charcoal was ground using a grinding
machine and sieved using a shaker sieve to obtain a charcoal powder with a size of 60 mesh.

To make charcoal briquettes, the ground charcoal powder, tapioca flour, and hot water at a temperature of 100°C
were mixed. The percentage of the briquette mixture is 1% hot water, 1% tapioca flour, and 7% charcoal powder.
After mixing and stirring evenly, the mixture was poured into a cylindrical mold and pressed using a pressing
tool until it reached a briquette size 9 cm in diameter and 3 cm thick. The molded charcoal briquettes were then
dried in the open air for three days with an average ambient temperature of 31°C. After the charcoal briquettes
were formed, they became a medium for absorbing and storing solar radiation heat for pre-treatment.

2.3. Experimental setup

The tests were carried out at the Laboratory of the Department of Mechanical Engineering, Faculty of Science
and Engineering, Nusa Cendana University with a position of 10°09'13.7 "'S south latitude 123°40'08.0 "E east
longitude, on 22 July 2023-26 July 2023. Geographically coastal areas, lowlands, and hills with altitudes
between 0-350 meters above sea level, with rates of temperatures between 29-34°C and 71-90% of relative
humidity. This study uses four basins that show four additional absorbent independent variables, namely CP_60,
GS_60, SO_60 charcoal briquettes, and without charcoal briguettes (control).
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Figure 3. Experiment set up
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The four basins were placed in an open space side by side facing north, not shadowing each other to allow
maximum exposure to solar radiation. Measure the salt content of the seawater before filling each basin using a
salinity meter and filling each basin with the same volume of 2 liters of seawater and placing charcoal
(absorbent) briquettes for each desalination basin with the same size and number of briquettes. Placing
temperature measuring instruments, namely AT4208 Multi-Chanel Temperature Data Logger 3.5 Inch and
Max6675 Type-K thermocouple at the point of the charcoal briquette surface, seawater surface, basin space
near the cover glass, cover glass, and the environment. Furthermore, it is connected to an electronic card called
Arduino Mega [38]. The electronic card is connected to a PC via a USB cable, as shown in Figure 3. They
placed Elitech RC-4HC temperature and humidity data loggers in each basin and room and placed a solar
radiation intensity measuring instrument (Solar Power Meter SM206). Covering the basins with glass and
ensuring there is no leakage of air and water vapor into or from the basins. Place a measuring cup outside the
basin, connected to a pipeline from inside the basin, to measure the amount of water produced at any time.
Recording test data with an interval of one hour in real time starting at 08:00 am to 04:00 pm for 8 hours
following previous research [39].

3. Results and discussion
3.1. Test result

During the test, the intensity of solar radiation, ambient temperature, and humidity in each basin were measured
and recorded in two graphs, Figures 1a and 1b. Figure 1 illustrates that the solar radiation intensity reached its
peak at noon with a value of 1400.8 W/m2 and then decreased gradually until the end of the test period at 4.00
pm. The changes in solar radiation intensity affected the ambient temperature, as shown in the same graph. The
ambient temperature initially increased and reached a maximum of 35°C at 2:30 pm, then decreased until the
end of the test time.

Figure 4b shows the variability of humidity in each desalination basin during the test. Relative humidity is the
ratio between the water vapor content in the basin space and the maximum water vapor content that air can hold.
At dew point temperature, RH is 100% which results in condensation. The water vapor content also depends on
the water vapor pressure, which increases as the temperature rises due to the higher velocity of water vapor
molecules.
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Figure 4. (a) Variations in solar radiation and ambient temperature, (b) moisture variation in the basin

The humidity of each basin at the beginning of the test at 08:00 was relatively high and then decreased until
09:30. Then from 09:30 to 12:30 it increased, which then decreased again until 14:30.
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Figure 5. Temperature fluctuation vs retrieval time for test media relationship graph

During the test, the humidity levels fluctuated, with a notable increase from 15:00 until the end of the data
collection at 16:00. When evaluating the results, it was observed that the SO_60 charcoal briquettes exhibited
the lowest humidity, followed by the basin without charcoal briquettes, GS_60 charcoal briquettes, and finally
the basin utilizing CP_60 charcoal brigquettes, which displayed the highest humidity.

Figure 5 displays the temperature readings taken from the designated test points in each desalination basin. The
results indicate that the temperature fluctuations for the 4 types of basins are nearly identical. During the testing
period from 8:00 am to 4:00 pm, the temperature increased significantly from the start to the middle and then
decreased gradually towards the end. Additionally, as shown in Figures 5a to 5d and 4a, the temperature patterns
for all four basins and test points correlate with the solar radiation variation, consistent with previous research
[40]. Figures 4a to 4d reveal that the lowest temperature point during data collection is at the cover glass, crucial
for an optimal water vapor condensation process. The highest temperatures occur at the surface area of the
charcoal briquettes (additional absorber), followed by the sea surface area and the basin space. The temperature
fluctuations in the basin room are influenced by latent heat, specifically, the heat released during the evaporation
process and condensation on the inner glass surface.

The graph displayed in Figure 6a showcases the distilled water production every 30 minutes for four desalination
basins. The time frame for this observation is from 8:00 AM to 2:00 PM. It is important to note that each basin
varies in the maximum amount of distilled water produced, and the time taken to produce it differs as well.
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Figure 6. (a) Distillate water variation every 30 minutes (b) cumulative distillate water over the test time

For instance, the CP_60 charcoal briquettes produced a maximum of 12 ml of distilled water, which occurred
between 1:30 PM to 2:00 PM. On the other hand, the GS_60 charcoal briquettes produced a maximum of 14 ml
of distilled water, which occurred between 1:30 PM to 2:00 PM. Moreover, for the SO_60 charcoal briquettes,
the maximum amount of distilled water produced was 11 ml, and it occurred between 1:00 PM to 1:00 PM.
Lastly, the basin without charcoal briquettes produced a maximum of 10 ml of distilled water, which occurred
between 1:30 PM to 2:00 PM.

Despite the differences in the maximum amount and time, all the basins showcase a similar trend. The
production of distilled water increases from morning to noon and then decreases until 4:00 PM. This trend is in
line with the decline in solar radiation, which affects the distillation process.

Figure 6b displays a cumulative graph that shows the total amount of distillate water for each desalination basin.
The graph demonstrates that the GS_60 charcoal briquette test media provides the maximum total distillate
water every 30 minutes. This also indicates that the Gamal wood charcoal briquettes have a better capacity to
absorb and store heat compared to CP_60, SO_60, and the control (ho charcoal briquettes).

The water temperature in each basin tends to be the same, but the distillate produced differs. The addition of
different charcoal in each basin causes this condition. Charcoal is more effective at absorbing solar thermal
energy than water [41][42]. The addition of charcoal will also affect the distillate water produced [43].
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This happens because charcoal can store thermal energy for the solar desalination process, thus increasing its
efficiency [44]. The difference in charcoal types lies in the porosity of each charcoal. This porosity affects the
absorption of sunlight, and the wider the porosity of the charcoal, the higher the evaporation efficiency [45].
From the statistical test, the significance value of the effect of charcoal type on the desalination process was

obtained. In this graph, the R-square value shows a significant effect due to the use of charcoal in the
desalination process.
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Figure 7. Statistical test of the effect of using charcoal-type

The study suggests that the use of natural absorbents, such as Gamal wood, can have a significant impact on the
pace of evaporation, the effectiveness of desalination, and the overall volume of distilled water produced. By
utilizing readily accessible and sustainable materials like Gamal wood, we can create a more environmentally
friendly and cost-effective desalination system. This can increase the availability of clean water in rural areas
or for people with restricted access to fresh water. The findings of this study have the potential to make it
possible to apply more affordable and eco-friendly desalination technology in underserved locations.

There are some limitations and potential sources of error in this research. Different charcoal briquette properties
can vary based on their composition, porosity, and surface area, which ultimately impact their absorption
capabilities. To ensure consistent results, it is important to strictly standardize and characterize the briquettes
used. Although this study tested three natural material-based auxiliary sorbents, it is important to note that
numerous other materials with potential sorbent properties have yet to be explored. As a result, the findings may
not apply to other types of sorbents.

3.2. Data analysis

The data analysis conducted in this test determines the use of an additional absorber to increase the evaporation
rate, total distillate production, and desalination efficiency. The evaporation rate is a parameter that regulates
distillate output. Meanwhile, efficiency is used to evaluate the performance of the system. The value of the
evaporation rate was preceded by analyzing the convection heat transfer coefficient, the saturated vapor pressure
at the water surface, and the vapor pressure at the glass surface. The convection heat transfer coefficient, hewg,
between the water and glass surfaces for solar desalination is calculated by the equation developed by [46];
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/3
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Description: hcwg = convection heat transfer coefficient (W/m2K), Pw = vapor pressure at the water surface
(kPa), Pgi = vapor pressure inside glass surface (kPa), Tw = water surface temperature (°C), Tgi = inside glass
surface temperature (°C).

To analyze the saturated vapor pressure at the water surface and glass surface, it can be calculated
mathematically with the following equation [47];

P,, = 100(0.004516 + 0.0007178 T,, — 2.6469 X 107° T,,* + 6.944 x 107"T,,*)  (2)
P, = 100(0.004516 + 0.0007178 Ty; — 2.6469 X 107° Ty;* 4+ 6.944 x 107" Ty*)  (3)
Next, we can analyze the rate of evaporation, the equation used is the equation developed by [46];

W 9.15 X 10~ 7heyg (P — Pyi)hg
e (Tw - Tgi)

hewg = evaporative heat transfer coefficient (W/m?K), hfg = enthalpy of vapourization (kJ/kg).
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Figure 7. An hourly graph of the evaporative heat transfer coefficient for four basins

Convection heat transfer in the basin space is a heat transfer process followed by molecular movement of
seawater due to heat received from solar radiation. When seawater is heated, thermal expansion occurs, which
causes the mass density of seawater molecules to become light (buoyant). Thus, molecules that have a denser
density will be replaced by lighter molecules. This process occurs continuously as the temperature rises; the
molecules tend to move randomly and collide and begin to move quickly until some water molecules escape
from the seawater layer and change form/phase to vapor. After evaporating, the vapor molecules move towards
the cover glass. This process is called evaporation. The rate of evaporation in the basin is influenced by solar
radiation, temperature, and humidity, as well as the characteristics of the seawater itself, namely volume and
salinity.

Figure 7 shows the coefficient value of the evaporation rate of the basin using a natural additional absorber in
the form of Gamal wood charcoal briquettes, which is the highest until 14:00, then decreases due to a decrease
in solar intensity. The evaporation rate of the basin using the Gamal wood charcoal briquette auxiliary absorber
reached its maximum value, followed by the basin using the Kusambi wood charcoal briquette auxiliary
absorber, the basin using the Kapok wood charcoal briquette auxiliary absorber, and the lowest was the basin
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without the charcoal briquette auxiliary absorber. This data shows that charcoal briquettes increase the
evaporation rate of seawater, but this process is still dependent on solar intensity.

Desalination efficiency is the ratio of the total latent heat of distillate evaporation to the solar energy entering
the system [48]. It can be mathematically expressed as follows:

h
e« 100% 5)

Md = 74T,

nd = efficiency of desalination (%), md = distillate production (kg/hour), hfg = enthalpy of vapourisation
(kJ/kg), A = cross-sectional area of solar radiation receiver (m?) dan Is = intensity of the sun (kJ/m2.hour).

= Distiller 1-CP_60 Charcoal (%)
—Distiller 2-GS_60 Charcoal (%)

—Distiller 3-SO_60 Charcoal (%)
15%
Distiller 4-Without Charcoal (%)
10%

Efficiency Desalination (%)

o O o O o o o o o 2o O o oo O o o O
S N © M 2 M o Mo Mo MmO ;D n D
o0 00 O O © o —~ ~ ol &1 oM = = vy \D
— — — — — — — — — — — — —

Time

Figure 8. Desalination efficiency comparison chart for 4 basins every 30 minutes

The graph in Figure 8 shows the efficiency of each basin, namely, using the additional absorber of CP_60
charcoal briquettes, GS_60 charcoal briquettes, SO_60 charcoal briquettes, and without briquettes (control).
Overall, the highest efficiency was shown by GS 60 charcoal briquettes, followed by CP_60 charcoal
briquettes, SO_60 charcoal briquettes, and finally the control. The high mass flow rate of distillate water
produced strongly influences the high efficiency of GS_60 charcoal briquettes. At 15.00 - 16.00, each basin
shows a graphical pattern that increases significantly due to a decrease in solar intensity, which impacts
decreasing temperature. This temperature is also inversely proportional to RH, where RH tends to increase
(Figure 1). With the decrease in temperature and increase in RH, the result is that at that time, the water vapor
molecules can reach their dew point faster and change to a liquid phase.

4, Conclusion

According to this research, the use of natural-based auxiliary sorbents, such as briquette charcoal, can have a
significant impact on the efficiency of the desalination process. The study revealed that the GS_60 briquette
charcoal type, in particular, can improve the performance of the desalination process by providing higher
distillation yields and efficiency rates compared to other types of briquette charcoal. These findings suggest that
using briquette charcoal, especially Gliricidia sepium, can enhance the efficiency and availability of clean water
through desalination systems.

In order to enhance distillation efficiency and yield, future research aims to broaden the scope of sorbent types
and characteristics beyond briquette charcoal. The objective is to gain a comprehensive understanding of other
materials that possess the potential to serve as effective sorbents. Additionally, the research will delve deeper
into analyzing the correlation between various environmental variables, including the porosity of briquette
charcoal and evaporation efficiency.
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