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Abstract: This study investigates the effect of low partial vacuum on the evaporation and condensation
performance in a solar still system. The tests were conducted using three variations: non-vacuum (101325
Pa), vacuum 1 (101313 Pa), and vacuum 2 (101309 Pa) using an exhaust system. The observed parameters
included water temperature, pressure, vapor pressure difference (AP), evaporation mass, and condensation
yield. The results showed that low partial vacuum increased the vapor pressure difference, thereby
enhancing the driving force for evaporation. The highest maximum AP value was obtained at vacuum 2, at
1278.48 Pa. However, water temperature had a more dominant influence on total evaporation, so the
highest cumulative evaporation mass was obtained under non-vacuum conditions at 8750 g due to better
thermal energy retention. Meanwhile, vacuum 1 produced the highest condensation yield of 7641 g,
indicating a balance between vapor formation and vapor distribution within the system. These findings
suggest that the optimization of a solar still based on low partial vacuum is determined not only by an
increase in vapor pressure difference but also by the system’s ability to retain thermal energy and the
effectiveness of the condensation process.
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SDGs Problem Solving

This research contributes to SDGs Chapter #6 by improving the efficiency of seawater
E desalination using partial vacuum in solar stills, facilitating sustainable freshwater

production with renewable energy, and providing solutions to water scarcity, particularly
in coastal and remote regions that lack access to clean water supply.
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1. INTRODUCTION

The demand for clean water continues to rise alongside population growth, industrial activity, and
climate change, which affect the availability of clean water sources (Gaur et al., 2021). Water is a
vital resource for life; approximately 97% of it is saltwater in the oceans, while the remaining 3% is
freshwater found in groundwater, lakes, and rivers (Dina et al., 2017). One technology that has been
extensively developed to address this issue is desalination (Yusuf et al., 2023). Desalination offers a
potential solution for converting seawater into freshwater (Munawar et al., 2022). The desalination
process involves two stages: evaporation and condensation, facilitated by thermal energy in a
vacuum system or via a heater plate (Yan et al., 2021). One simple method used in Indonesia is
desalination that relies on solar energy as the primary heat source, known as a solar still (Lubis and
Munawar, 2019). Solar energy was chosen due to its unlimited availability, given that desalination
equipment requires high-temperature energy and sufficient intensity (Andrés-Mafias et al., 2020).
However, the performance of solar stills remains relatively low, particularly regarding evaporation
rate and distilled water production. Various efforts have been made to improve system performance,
including design modifications, heat absorption, and optimization of operating conditions (Tarif et
al., 2025). Therefore, a more effective method to enhance the evaporation process is required, one
of which is the application of partial vacuum pressure.

The use of a vacuum in desalination aims to accelerate evaporation (Agustina, Sudarti and Yushardi,
2020). A vacuum environment accelerates the evaporation process (Al-Obaidi et al., 2025). The
application of vacuum in this system is an innovative step that marks a significant departure from
conventional methods (Tanusekar and Sutanhaji, 2014). Theoretically, reducing the pressure within
the system can increase the vapor pressure difference between the water surface inside the system
and the air above it.

Although previous studies have shown that the application of vacuum can enhance the evaporation
process in desalination systems, most studies still rely on active vacuum pumps operating at
relatively high vacuum levels, which require significant energy consumption (Susanto et al., 2024).
Research utilizing low-cost exhaust-based systems to generate partial vacuum under conditions
close to atmospheric pressure remains limited, particularly in salt pond-scale solar still systems
(Gkountas et al., 2022). Furthermore, most studies focus on increasing the evaporation rate without
comprehensively evaluating the relationship between pressure drop, water temperature, vapor
pressure difference, and condensation yield (Ambarita, 2018; Ayoobi and Ramezanizadeh, 2022).
Therefore, further research is needed to understand how low partial vacuum conditions affect both
evaporation and condensation performance simultaneously under simpler and more energy-
efficient operating conditions.

In a solar still, evaporation performance is influenced not only by the temperature of the water as a
source of thermal energy, but also by the vapor pressure distribution within the evaporation
chamber (Alamsyach et al., 2024). A decrease in partial pressure has the potential to increase the
vapor pressure gradient, thereby increasing the driving force for mass transfer (Haji, Wirosoedarmo
and Tyas, 2018). However, this condition can also affect vapor distribution and condensation
mechanisms, especially when the airflow within the chamber becomes too high.
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Therefore, experimental studies are needed to understand the interaction between temperature,
partial pressure, and vapor transport mechanisms in solar still systems. This study aims to analyze
the effect of low partial vacuum generated using exhaust on the evaporation and condensation
performance of seawater in a solar still system. The novelty of this study lies not only in the
application of an exhaust-based low partial vacuum system to a salt pond-scale solar still, but also in
the evaluation of the interaction between vapor pressure differences, water temperature,
evaporation rate, and condensation yield under low vacuum conditions. This study provides an
understanding of the role of low partial vacuum in mass transfer mechanisms and vapor distribution,
which has rarely been discussed in previous research on solar still systems. The contribution of this
study is to provide an experimental basis regarding the effect of low partial vacuum on evaporation
and condensation performance in solar still systems, thereby serving as a more cost-effective
alternative compared to vacuum pump-based systems.

2. METHODOLOGY

This study is an experimental investigation designed to analyze the effect of applying a vacuum on
the evaporation rate of seawater in a solar still system, using three system configurations: non-
vacuum, one exhaust (vacuum 1), and two exhausts (vacuum 2), with the aim of controlling pressure
changes within the salt pond chamber. Under conditions without exhaust, with pressure
approaching atmospheric pressure (101325 Pa), the system is in a closed state, so that the mass
transfer of water vapor occurs through natural diffusion (Oktavian et al., 2024). Meanwhile, in the
Vacuum 1 (101313 Pa) and Vacuum 2 (101309 Pa) variations, forced air circulation occurs, causing a
decrease in partial pressure within the chamber, thereby creating a vacuum condition (Sayuti et al.,
2023). Pressure is one of the primary factors influencing the evaporation process.

Data collection was conducted for 9 hours per day, from 8:00 am to 5:00 pm WIB, over a period of
3 days for each test variation. Data on temperature, pressure, and other parameters were recorded
at 15-minute intervals throughout the testing period. The tests were conducted under natural
weather conditions, with solar radiation intensity monitored throughout the experiment.

Data obtained were calculated as mean values. The distribution of the measurement data was
analyzed using standard deviation to determine the level of data consistency during the testing. The
standard deviation was calculated using the following equation (Dwibowo et al., 2025):

where s is the standard deviation, x; is the measured data, x is the mean, and n is the number of
test data points. The instruments and specifications listed in Table 1 were used to perform
measurements and collect data in this study.

Before testing began, all measuring instruments were inspected and verified in accordance with the
manufacturer’s specifications to ensure they were functioning properly. Measurements of
temperature, pressure, and solar radiation intensity were taken using factory-calibrated instruments
and within their recommended measurement ranges. A preliminary check was conducted by
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comparing the readings with actual environmental conditions before experimental data collection
began.

Table 1. Measurement tools

No Tool Function Specification

1  Digital Thermometer Measuring temperature (T1-T3) -50°C-110°C, + 0.1 °C
2 Digital Hygrometer Measuring relative humidity (RH1-RH3) 10%-99%, + 1%

3 Pressure Meter PCE-PDA Measuring pressure Range -20 + 20 Pa

4 Solar Meter Measuring solar radiation intensity 1-3999 W/m?

5  Vernier Caliper Measuring water level Scale 0.05 mm

6  Digital Scale Measuring condensation yield 0-5kg, 1¢g

The salt pond is designed with dimensions of 7000 mm in length, 1500 mm in width, and 1100 mm
in height. The pond cover features a sloped surface designed to optimize solar radiation absorption
and to direct condensate water flow toward the collection tank. The pool cover uses transparent
plastic placed inside the frame, while the base structure is made of 8 mm thick plywood and the
basin walls use 12 mm thick wooden boards (Figure 1). The pool bottom is lined with a geomembrane
that functions as a waterproof layer capable of absorbing radiation, as well as facilitating salt

precipitation (Sayuti et al., 2023). The material, function and specification of research instrument
design and sensor positions shown in Table 2.

® 1T1-T3~Tw (°C) ® RHI-RH3 (%) Solar Meter (W/m®)
I'4-16-Tv (°C) @ Pressure Meter (Pa) @ Waler Level (mm)

Figure 1. Research instrument design and sensor positions

This study was conducted in the courtyard of the Mechanical Engineering Laboratory, Faculty of
Industrial Technology and Informatics, Prof. Dr. HAMKA Muhammadiyah University in January 2026,
with an initial test volume of 420 liters of seawater. The apparatus used in this study is illustrated in
the schematic diagram shown in Figure 2.

The pressure reduction in this study falls under the category of low partial vacuum, with a relatively
small pressure difference compared to atmospheric pressure. Nevertheless, the change in pressure
still affects the partial pressure of water vapor within the enclosed space, thereby increasing the
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evaporative mass transfer gradient. These conditions allow for an increase in the evaporation rate
during the early stages of the test, particularly as the water temperature begins to rise.

Table 2. Materials

No Material

Function

Specification

1 Geomembrane HDPE
2 Water Gutter
3 Wood Board
4 Plywood

Freshwater Container
6 Exhaust Fan

7 UV Plastic

8 Frame Structure

Lining the basin base and preventing
water leakage

Channeling condensed water to the
collection bottle

Basin wall structure

Basin base

Collecting condensed water
Generating partial vacuum to
enhance evaporation

Covering the chamber and preventing
vapor loss

Main supporting structure

Thickness 500 micron (0.5 mm), 7
mx15m
PVC pipe 1”

Thickness 12 mm, length 1200 mm,
height 90 mm

Thickness 8 mm

1.5 L bottle

2 units, 4” diameter, airflow rate
180 m3/h, 2800 rpm

Transparent, transmissivity (t) 0.90,
thickness 50 micron

30 x 30 mm, light steel

Exhaust Fan | RHI T4

P2

P3
RH3 Te

I
/

/

—— Condensate Collection Bottle

/
/

=T

(b). Font view

Figure 2. Schematic research instrument

The pressure measured during testing is gauge pressure, which is pressure relative to atmospheric
pressure. Absolute pressure is not measured directly but is calculated using atmospheric pressure as
a reference value. The relationship between absolute pressure and gauge pressure is expressed in

Equation (2), where absolute pressure is obtained by adding atmospheric pressure to gauge

pressure. Using this method, relatively small changes in pressure relative to atmospheric pressure
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can still be analyzed to determine their effect on the evaporation and condensation processes within
the solar still.

Paps = Parm + Fy (2)

where (Pgps) is the absolute pressure (Pa), (Pgsm) is the atmospheric pressure (Pa) dan (F) is the
gauge pressure (Pa).

The exhaust system was used to create a low partial vacuum by drawing air out of the evaporation
chamber into the surrounding environment. The resulting pressure drop causes the partial pressure
of air inside the chamber to decrease, thereby increasing the vapor pressure difference between the
water surface and the air above it. In addition to reducing pressure, the airflow generated by the
exhaust system can also affect the distribution of water vapor within the evaporation chamber and
may carry some of the vapor out of the system during the testing process.

During the test, the drop in water level (L) was observed periodically and used to determine the
amount of water that evaporated. The volume of evaporation was calculated by multiplying the
change in water level by the area of the salt pond, as expressed (Dwibowo et al., 2025):

V=Ahx A (3)

where V is the volume of water that evaporates (g/day), 4h is the decrease in water level (mm), and
A is the surface area of the salt pond (m?). Since the salt pond is rectangular, the surface area is
calculated equation (4).

A=pxl (4)
where p is the length of the salt pond (m) and [ is the width of the salt pond (m).
Figure 3 illustrates the process of collecting data on evaporation and determining the condensation

results. Solar radiation penetrates the transparent plastic cover and is absorbed by the black pool
bottom (geomembrane), which has an absorption coefficient of 0.98 (Hoiriyah, 2021).

Figure 3. Solar still desalination process
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The absorbed heat is then transferred to the seawater, thereby increasing its temperature. This
temperature increase causes the saturated vapor pressure of the water to rise, driving evaporation
(Shareef, Kurji and Hamzah, 2024). The resulting water vapor fills the space inside, while the salt
remains behind and settles at the bottom. Water vapor adhering to the surface of the cover
condenses, forming water droplets on the inner side of the cover (Elazab, Elshaarawy and Dahab,
2026). The droplets flow down the slope of the cover toward the freshwater collection bottle.

3. RESULTS AND DISCUSSION

In a closed solar still system, the evaporation process is influenced by the interaction between water
temperature and pressure conditions within the chamber (Sachidananda et al., 2025). A decrease in
partial pressure due to the use of an exhaust system has the potential to increase the vapor pressure
gradient between the water surface and the surrounding air, which serves as the primary driving
force in the mass transfer process (Dwibowo et al., 2025). However, the contribution of the pressure
parameter must be analyzed in conjunction with temperature, as both influence each other in
determining the amount of vapor formed and distributed within the system. The system’s
effectiveness is highly dependent on the evaporation rate. The higher the evaporation rate, the
greater the system’s thermal efficiency, as heat energy is directly absorbed to convert water into
vapor (Mugisidi et al., 2021).

(a). Two fan (b). One fan
Figure 4. Exhaust fan variations

Variations in these factors (Figure 4) directly influence the vapor pressure conditions and the
mechanisms of water vapor transport within the system, which ultimately affect the processes of
evaporation and condensation (Feria-Diaz et al., 2022). The initial stage of the experiment is
represented by the solar radiation intensity graph, which shows an increasing trend from morning
to midday, followed by a gradual decrease in the afternoon.

Figure 5 shows that this pattern aligns with changes in the sun’s position, which affect the amount
of radiant energy received by the surface of the salt pond. The highest radiation intensity was
recorded in the non-vacuum variation (101325 Pa), ranging from approximately 600 to 700 W/m?.
These conditions indicate that the thermal energy received by the system in the non-vacuum
variation is relatively greater than in the other variations. The radiant energy absorbed by the
geomembrane layer at the bottom of the basin is then converted into thermal energy and
transferred to the seawater through conduction and convection mechanisms, causing the water
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temperature to rise gradually in accordance with the pattern of changes in solar radiation (Oktavian
etal., 2024).
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Figure 5. Solar radiation intensity and water temperature

The rise in temperature indicates that the heat energy absorbed by the system exceeds the heat loss
occurring through convection, radiation, and evaporation (Mugisidi et al., 2023). This temperature
increase directly affects the rise in the saturated vapor pressure of water. Thermodynamically, as
the temperature increases, the kinetic energy of water molecules increases, making it easier for
molecules to transition from the liquid phase to the vapor phase (Ambarita, 2018). Consequently,
the rate of water vapor formation at the surface increases. This phenomenon demonstrates that
water temperature acts as one of the primary factors controlling evaporation potential in a solar still
system.

Under non-vacuum conditions, the temperature reached a maximum of 43.95 °C because the system
was closed with no outflow of air, causing more thermal energy to accumulate within the
evaporation chamber. This condition resulted in reduced heat loss due to air circulation and
enhanced the system’s ability to retain thermal energy (Sayuti et al., 2023). Conversely, under partial
vacuum conditions, the use of an exhaust creates air circulation that accelerates the release of latent
heat along with the water vapor flow, causing some thermal energy to exit the system (Dwibowo et
al., 2025). Consequently, the water temperature under vacuum conditions tends to be lower
compared to non-vacuum conditions.

Although a partial vacuum has the potential to increase the driving force of evaporation by increasing
the vapor pressure difference, research results indicate that temperature has a more dominant
influence on the accumulation of total evaporation mass (Al-Obaidi et al., 2025). This is evident in
the non-vacuum conditions, which produce the highest temperature and consequently yield the
largest cumulative evaporation mass. This phenomenon indicates that increased evaporation in a
solar still system is not only determined by pressure conditions but is also significantly influenced by
thermal energy during the process (Yan et al., 2021).
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Figure 6. Gauge and absolute pressure vacuum 2 (101309 Pa) and vacuum 1 (101313 Pa)

The absolute pressure values shown on the graph are obtained by converting gauge pressure using
atmospheric pressure as a reference value. Figure 6 shows the variations in gauge pressure and
absolute pressure under vacuum conditions 1 and 2 during the experimental process. In general, the
absolute pressure in both variations tended to be stable with relatively small fluctuations throughout
the observation period, while the gauge pressure showed negative values indicating the formation
of sub-atmospheric pressure conditions. These conditions indicate that the system successfully
generated a partial vacuum by an exhaust during the evaporation process (Yusuf et al., 2023).

Vacuum 2 produces a lower absolute pressure and a more negative gauge pressure compared to
Vacuum 1. This indicates that using two exhausts creates a greater suction effect, resulting in a more
significant drop in air pressure within the evaporation chamber. This pressure drop causes a
reduction in the partial pressure of water vapor in the evaporation chamber and, theoretically, can
increase the vapor pressure gradient between the water surface and the surrounding air. The greater
the vapor pressure gradient formed, the greater the driving force for mass transfer, which has the
potential to accelerate the evaporation process (Dwibowo et al., 2025).

Nevertheless, the measurement results indicate that the pressure reduction achieved in this study
still falls within the category of low partial vacuum, with a relatively small pressure difference
compared to atmospheric pressure (Susanto et al., 2024). This is evident from the absolute pressure,
which remains in the range of 101309-101314 Pa. Thus, although there is an increase in the driving
force of evaporation due to the pressure drop, its contribution to the increase in total evaporation
is likely not yet fully dominant compared to the influence of water temperature as the primary
energy source for phase change.

In addition, pressure fluctuations occurring during testing can be influenced by changes in solar
radiation intensity, temperature increases, water vapor formation, and variations in airflow due to
exhaust operation. As the temperature rises, the amount of vapor formed also increases, causing
the pressure conditions inside the chamber to change dynamically (Alamsyach et al., 2024).
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However, the error bars, as indicated by the relatively small standard deviation, suggest that the
system can maintain pressure stability throughout the testing process. The low standard deviation
also indicates that the measurement results exhibit good repeatability, meaning that operating
conditions under each variation can be considered consistent.

Overall, the pressure measurement results indicate that the system was able to maintain a stable
low partial vacuum throughout the testing process. Vacuum 2 produced a lower pressure than
Vacuum 1, thereby potentially increasing the mass transfer driving force (Wirangga et al., 2023). The
vapor pressure difference is a key parameter determining the mass transfer driving force during the
evaporation process (Mugisidi et al., 2021):

AP =P, —P, (5)

The greater the AP value, the greater the potential for vapor mass transfer from the water surface
to the air space above it (Dwibowo et al., 2025). In this study, the use of an exhaust caused a decrease
in the partial pressure of the air, resulting in a lower vapor pressure. This condition increased the AP
value and accelerated the evaporation process in the early stages of the test. However, the increase
in AP did not directly result in the highest cumulative evaporation mass, as vapor formation remains
heavily influenced by temperature as the primary energy source for evaporation.

B, = [25 317 ( >144 )] (6)
w = exp| Lo T, + 273

P, = [25 317 ( >144 )] 7
v = XL T, + 273 7)

where P, is the saturated vapor pressure of water, T, is the water temperature, P, is the vapor
pressure of air, T, is the indoor air temperature.

The decrease in absolute pressure observed in this study was relatively small compared to
atmospheric pressure. In vacuum 1, the pressure dropped to 101313 Pa, or approximately 0.0118%,
while in vacuum 2, it dropped to 101309 Pa, or approximately 0.0158%. These values indicate that
the conditions created constituted a low partial vacuum. Physically, a pressure drop of a few Pascals
is not yet dominant enough to control total evaporation. However, this pressure change can still
reduce the partial pressure of air within the evaporation chamber, thereby increasing the vapor
pressure difference, especially in the early stages of the test.

The increase in vapor pressure difference in this study was not only caused by the pressure drop due
to exhaust but was also significantly influenced by the rise in water temperature. Higher water
temperatures increase the saturated vapor pressure of water, thereby increasing the AP value.
Therefore, although Vacuum 2 produced the greatest pressure drop and the highest AP, the largest
cumulative evaporation mass was still obtained under non-vacuum conditions because the water
temperature and available thermal energy were higher.

The AP value is obtained from the difference between the saturated vapor pressure of water at the
liquid surface and the vapor pressure of air within the evaporation chamber. The higher the AP value,
the greater the tendency of water molecules to transition from the liquid phase to the vapor phase
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(Yan et al., 2021). Thus, an increase in AP will theoretically increase the potential evaporation rate in
a solar still system.
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Figure 7. Vapor pressure difference (AP)

In this study, the use of an exhaust caused a decrease in the partial pressure of air inside the
chamber, resulting in a lower air vapor pressure. This condition increased the AP value and produced
a greater driving force for mass transfer compared to conditions without a vacuum. The test results
in Figure 7 show that the highest maximum AP value was obtained at vacuum level 2 at 1278.48 Pa,
followed by vacuum level 1 at 1016.60 Pa, and non-vacuum at 991.55 Pa. These results indicate that
increasing the exhaust volume can enhance the reduction in partial pressure and consequently
increase the vapor pressure gradient within the system.

At the start of the test, the AP value tends to be low because the temperature is still relatively low,
so the saturated vapor pressure formed at the water’s surface has not yet increased significantly. As
the test time increases and the temperature rises due to the absorption of solar radiation energy,
the saturated vapor pressure of water increases, causing AP to rise gradually until it reaches a
maximum value. This phenomenon indicates that the change in AP is not only influenced by the
decrease in partial pressure due to the vacuum but is also influenced by the increase in temperature,
which determines the magnitude of the saturated vapor pressure (Susanto et al., 2024).

Although vacuum variation 2 produced the highest AP value, this condition did not directly result in
the largest cumulative evaporation mass. The research results show that the highest evaporation
mass was obtained under non-vacuum conditions. This phenomenon indicates that an increase in
the mass transfer driving force due to a larger AP does not necessarily result in an increase in total
evaporation if the thermal energy available for the phase change process remains limited. In other
words, evaporation in a solar still system is the result of the interaction between the mass transfer
driving force due to AP and the availability of thermal energy to support vapor formation (Dwibowo
etal., 2025).

In addition, an excessively high vacuum can potentially accelerate the movement of water vapor
within the chamber, thereby shortening the vapor’s residence time. This condition can result in some
of the vapor not undergoing optimal condensation or even being carried out with the airflow (Sayuti
etal., 2023). Therefore, an increase in AP must be balanced with appropriate thermal conditions and
flow distribution to ensure that the evaporation and condensation processes occur more effectively.
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The pressure reduction observed in this study is still relatively low compared to atmospheric
pressure. Nevertheless, this low partial vacuum condition still causes a decrease in the partial vapor
pressure within the evaporation chamber, thereby increasing the vapor pressure difference. The
results of the study indicate that even this relatively small change in pressure is still capable of
influencing evaporation and condensation characteristics, particularly during the early stages of the
evaporation process.
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Figure 8. Evaporation rate

Figure 8 shows that, under vacuum condition 2, the evaporation rate tended to be higher during
certain test periods compared to vacuum condition 1 and the non-vacuum condition. This
phenomenon aligns with the AP measurement results, which indicate that vacuum 2 produces the
highest vapor pressure difference. This suggests that an increase in exhaust volume contributes to a
decrease in partial pressure, causing the evaporation process in the initial stage to proceed more
intensively (Dwibowo et al., 2025). In other words, a low partial vacuum enhances evaporation
potential by increasing the driving force for mass transfer.

Although a low partial vacuum can increase the vapor pressure difference and the driving force for
mass transfer, these increases do not directly result in higher evaporation rates or maximum
condensation yields. In this study, the decrease in absolute pressure was only 0.0118% at vacuum 1
and 0.0158% at vacuum 2 relative to atmospheric pressure. These values indicate that the effect of
low partial vacuum acts more as a supporting factor that enhances evaporation potential, while the
availability of thermal energy becomes the main factor controlling vapor generation during the test.
However, in the final stage of the test, the non-vacuum condition resulted in a higher evaporation
rate. This phenomenon indicates that the effect of water temperature on vapor formation is more
dominant than the effect of a low partial pressure reduction (Yusuf et al., 2023). Under non-vacuum
conditions, heat energy tends to accumulate more within the chamber due to minimal heat loss
through outgoing airflow. These conditions cause the temperature to rise, thereby increasing the
conversion of the liquid phase into vapor (Susanto et al., 2024).
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These results indicate that the increase in evaporation rate in a solar still system is influenced not
only by the magnitude of AP but also by the accumulation of thermal energy (Alamsyach et al., 2024).
Although a partial vacuum enhances the driving force for evaporation, heat loss due to air circulation
can lower the temperature and reduce the energy available for phase change (Pratama, Mugisidi
and Heriyani, 2026). Therefore, there is an interaction between thermodynamic and mass transfer
factors that collectively determine evaporation performance. Additionally, the use of an exhaust with
a larger capacity has the potential to cause the airflow within the chamber to become too rapid,
resulting in some thermal energy being carried out along with the water vapor. This condition can
lead to a decrease in the efficiency of thermal energy utilization within the system. This phenomenon
explains why an increase in vacuum level does not always result in the highest cumulative
evaporation in this study.

Thus, optimizing the performance of a solar still requires more than simply increasing the vacuum
level; it is also necessary to consider the balance between increasing the driving force for
evaporation (Yusuf et al., 2023). Consequently, the combination of thermal conditions and partial
pressure is a key factor in determining overall evaporation performance.

These results are consistent with a study by Mugisidi et al., that showing increasing the vacuum can
enhance the driving force of evaporation (Mugisidi et al., 2021). However, in this study, temperature
was found to be a more dominant factor than a reduction in low partial pressure. Therefore,
increasing the low partial pressure using a simple exhaust system has the potential to serve as an
alternative for enhancing evaporation, though its effectiveness remains dependent on thermal
energy.
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Figure 9. Cumulative evaporation mass

The effect of temperature and pressure on the evaporation process is clearer in Figure 9, which
shows the cumulative evaporation mass during the test. The results show that the highest
evaporation mass was obtained under non-vacuum conditions (101325 Pa) at 8750 grams, followed
by vacuum 2 (101309 Pa) at 7700 grams and vacuum 1 (101313 Pa) at 5950 grams. These results
indicate that although vacuum 2 produced the highest AP value and a greater driving force for
evaporation, this condition did not result in the largest cumulative evaporation mass (Sayuti et al.,
2023). Under non-vacuum conditions, the evaporation chamber is in a more sealed state, resulting
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in reduced heat loss due to air circulation. This condition allows thermal energy to accumulate more
effectively within the system and produces higher temperatures during the test (Yusuf et al., 2023).

The results of the study show that increasing the vacuum level from vacuum 1 to vacuum 2 results
in an increase in cumulative evaporation mass. This indicates that an increase in partial vacuum
continues to contribute to increased evaporation (Curto, Franzitta and Guercio, 2021). However, this
contribution has not yet been able to surpass the effect of temperature under non-vacuum
conditions. This phenomenon indicates that the effect of low partial vacuum in this study still acts as
a supporting factor, while thermal energy retention plays a greater role in determining cumulative
evaporation mass.

When expressed as evaporation rate per unit area, the non-vacuum condition yielded the highest
value of 0.0926 kg/m?-h, followed by vacuum 2 at 0.0815 kg/m?-h and vacuum 1 at 0.0630 kg/m?-h.
The evaporation mass under non-vacuum conditions was recorded to be 13.64% higher than under
vacuum 2 and 47.06% higher than under vacuum 1. These results indicate that the cumulative
evaporation performance was more strongly governed by the heat stored in the basin than by the
relatively small pressure reduction produced by the exhaust system.

®Vacuum 2 ™ Vacuum | Non-Vacuum
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Figure 10. Condensation yield

Figure 10 shows that the highest condensation yield was obtained at vacuum level 1 (101313 Pa),
amounting to 7641 grams, even though this condition did not result in the highest evaporation rate
or cumulative evaporation mass. These results indicate that condensation performance is not only
influenced by the amount of vapor formed during the evaporation process but is also significantly
affected by the vapor distribution, the residence time of the vapor within the chamber, and the
effectiveness of heat transfer during the condensation process.

Under vacuum condition 1, the decrease in partial pressure caused by a single exhaust is believed to
create a more balanced condition between vapor formation and vapor distribution within the
evaporation chamber. These conditions allow water vapor to have sufficient residence time before
reaching the condensation surface, so that the phase change process from vapor to liquid can
proceed more optimally (Munawar et al., 2022). Consequently, the amount of condensate water
successfully collected is higher compared to other variations. It should be noted that the exhaust fan
in this study not only serves to reduce the pressure inside the evaporation chamber but also
generates an airflow directed out of the solar still system.
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In vacuum variation 2, the higher airflow rate caused some of the water vapor to potentially be
carried out before undergoing complete condensation (Pratama, Mugisidi and Heriyani, 2026). This
condition may explain why an increase in vapor pressure difference does not always result in high
condensate vyield, even though the driving force for evaporation increases (Curto, Franzitta and
Guercio, 2021).

Under non-vacuum conditions, although the highest cumulative evaporation mass is achieved due
to higher temperatures, the distribution of vapor within the chamber tends to be suboptimal. The
absence of airflow to aid circulation causes some of the vapor to accumulate within the chamber,
resulting in slower transport to the condensation surface (Yusuf et al., 2023). Consequently, not all
the vapor formed can condense effectively during the testing period. Condensation productivity per
unit area showed a different trend compared to evaporation mass. Vacuum 1 produced the highest
condensation productivity of 0.0809 kg/m?h, while the non-vacuum and Vacuum 2 conditions
yielded 0.0769 kg/m?-h and 0.0731 kg/m?2-h, respectively. Compared to the non-vacuum condition,
condensation productivity under Vacuum 1 increased by 5.16%, while compared to Vacuum 2, it
increased by 10.61%.

A comparison between the mass of evaporation and the mass of condensate shows that not all the
water vapor formed is successfully condensed and collected as fresh water. Under non-vacuum
conditions, an average evaporation mass of 8750 g produces 7266 g of condensate, whereas under
a vacuum of 2, an evaporation mass of 7700 g produces 6908 g of condensate. The difference
between the mass of evaporation and the mass of condensate indicates that some vapor remains
within the system chamber, adhering to the surface of the cover, or is potentially carried out along
with the airflow generated by the exhaust.

This phenomenon also explains why vacuum 2 produces the highest vapor pressure difference but
does not yield the highest amount of condensate. The use of two exhausts in vacuum 2 produces a
greater airflow, thereby accelerating the transfer of vapor from the water surface. However, a higher
airflow can also shorten the residence time of the vapor within the system chamber and increase
the likelihood that some vapor will exit before undergoing complete condensation. Conversely,
vacuum 1 creates a more balanced condition between vapor formation, vapor distribution, and the
condensation process, thereby producing the highest amount of condensate.

In addition to evaporation mass and condensation mass, system performance was also evaluated
using thermal efficiency. This parameter is used to indicate the solar still system’s ability to convert
the received solar radiation energy into latent energy stored in the condensed water. The higher the
thermal efficiency value, the greater the fraction of solar energy successfully utilized to produce
freshwater. Thermal efficiency is calculated using Equation (8) (Ismail et al., 2023).

_ Mceond hf g

0 8
T x 100% (8)

where 7 is the thermal efficiency (%), Mconq is the mass of the condensate (kg), hyg4 is the average
latent heat of vaporization (J/kg), I is the average solar radiation intensity (W/m?), A is the surface
area (m?), and t is the test duration (s).
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An evaluation of thermal efficiency shows that vacuum 1 produced the highest efficiency of 16.17%,
followed by the non-vacuum condition at 15.37% and vacuum 2 at 14.62%. Although the non-
vacuum condition produced the highest evaporation mass, not all the vapor received by the system
was successfully converted into condensate. Conversely, vacuum 1 was able to effectively utilize the
thermal energy of the vapor to produce condensate.

Table 3. Comparison of Solar Still Performance under different operating conditions

Variations
Parameter
Non-Vacuum Vacuum 1 Vacuum 2
Cumulative Evaporation Mass (g) 8750 5950 7700
Evaporation Rate (kg/m?h) 0.0926 0.0630 0.0815
Condensation Yield (g) 7266 7641 6908
Condensation Productivity (kg/m?2-h) 0.0769 0.0809 0.0731
Thermal Efficiency (%) 15.37 16.17 14.62

Based on Table 3 the results indicate that the optimal performance of a solar still system is not always
determined by the rate of evaporation, but also by the balance between vapor generation, vapor
distribution, and the efficiency of the condensation process within the system. These findings
suggest that the use of a simple exhaust-based partial vacuum has the potential to improve the
performance of the solar still system; however, the applied vacuum level must be adjusted to
prevent a decrease in condensation efficiency due to changes in the vapor flow pattern within the
chamber.

4. CONCLUSION

The results of the study indicate that the use of low partial vacuum increases the vapor pressure
difference, thereby enhancing the driving force of evaporation during the initial stage of the test.
The highest vapor pressure difference was obtained at vacuum level 2, at 1278.48 Pa. However, the
highest cumulative evaporation mass was obtained under non-vacuum conditions, at 8750 g, due to
the higher water temperature serving as the primary energy source for evaporation. Meanwhile, the
highest condensation yield was obtained at vacuum level 1, amounting to 7641 g, with the highest
thermal efficiency of 16.17%, indicating a better balance between vapor formation, vapor
distribution, and the condensation process within the system. These findings suggest that increasing
the vacuum level does not always result in higher freshwater production. Therefore, the optimization
of a partial vacuum solar still system requires consideration of exhaust flow rate control, improved
thermal insulation, condenser design development, and optimization of airflow patterns to achieve
a better balance between evaporation and condensation.
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