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Abstract

Water is an indispensable resource for the survival of all living organisms on Earth. However, many
coastal villages continue to face challenges in accessing potable water, particularly during extended
droughts. This comprehensive study evaluates the implementation and performance of a solar
desalination system that employs photovoltaic (PV) panels and a parabolic solar concentrator to meet
clean water demand in a drought-prone area of Indonesia. The system harnesses both solar-generated
electricity and thermal energy to power an advanced desalination apparatus, effectively converting
seawater into safe drinking water. Over a rigorous 4 months testing period, the device maintained an
average steam outlet temperature of 105.9 °C, enabling a direct single-stage evaporation and
condensation desalination process. Under optimal sunlight conditions, the system produced 1,500
mL of purified water every 30 minutes, resulting in a total daily output of approximately 12 L (1,500
mL x 8 cycles over 4 hours). Laboratory analysis revealed a decrease in pH from 8.0 in raw seawater
to 6.8 in treated water after post-treatment pH adjustment, meeting established safety standards for
human consumption. Electrical conductivity measurements fell from 40-50 mS/cm to 480-500 uS/cm,
confirming substantial salt removal. These results demonstrate the system’s capacity to generate
potable water using sustainable energy sources and support circular economy principles by
repurposing renewable resources for water desalination in water-scarce environments.

Keywords: clean water; drought area; sea water; solar dish concentrator; solar photovoltaic

1. Introduction

Water is a vital resource for the survival of all organisms. Access to clean water is becoming an
increasingly critical issue, given that each individual requires a minimum of 140-190 liters of water
per day for basic needs [1]. In recent years, rapid population growth in both urban and rural areas
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has led to an increase in the demand for clean water [2-5]. Many communities in remote areas,
particularly rural areas, often rely on natural water sources such as springs, rivers, and lakes [6,7].
These sources are often used without adequate treatment, posing a high risk of contamination from
pollutants or pathogenic bacteria that are harmful to human health [8-10]. Indonesia, as an
archipelagic nation with a large population, faces unique challenges in providing clean water [11].
Moreover, climate change is causing longer and more intense dry seasons, further limiting clean
water supplies [12,13]. Indonesia’s coastal areas are experiencing a severe clean water crisis [14].
These areas face substantial challenges in accessing clean water, with many villages across Indonesia
struggling to obtain safe drinking water. The availability and accessibility of clean water for
communities continues to deteriorate over time [15,16].

Natural water sources are dwindling, and the cost of obtaining treated clean water continues to
rise [17], so that for poor communities in coastal areas, purchasing clean water at high prices poses a
significant economic burden [18]. This situation highlights the unequal access to clean water
resources, which should be a basic right for all individuals, and given the far-reaching impact of this
water crisis, it is crucial to give serious attention to identifying effective solutions to address this
pressing issue.

Meanwhile, seawater as an alternative water source has complex characteristics and requires
processing before it can be processed into clean water [19], where the composition of seawater does
not only consist of water and salt, but also contains various physico-chemical parameters that must
be considered in the desalination process [20]. Salinity is the main parameter of seawater, with an
average salt content of 35 grams per liter or 35,000 parts per million (ppm) [21], which mainly consists
of sodium chloride (NaCl) [22]. Then, also contains other ions such as magnesium, calcium,
potassium, and sulfate, while the pH level of seawater ranges from 7.5-8.4 [23].

Addressing the challenges of the clean water crisis requires innovation in water resource
management [24,25]. Many communities are unable to treat seawater for safe use due to limited
access to available technology [16-26]. Desalination systems are methods used to convert seawater
into freshwater suitable for consumption [29,30]. This process involves evaporating seawater and
condensing the vapor into clean water, leaving behind salts and other dissolved substances [31,32].

On the other hand, solar-powered desalination systems provide a sustainable and
environmentally friendly solution to the clean water crisis [33,34]. This technology harnesses
abundant solar energy, particularly in tropical regions such as Indonesia, to power the desalination
process. Its advantages include low operational costs after installation, minimal environmental
impact, and the capability to operate in remote areas without access to conventional electricity grids.
Moreover, energy conservation and the adoption of alternative energy sources are essential in remote
locations to maximize the efficiency of the technology employed [35]. The application of this
environmentally sustainable and efficient technology is expected to improve community access to
clean water, making it more affordable and readily available. This study examines the innovative
development of water treatment through the implementation of a Solar Desalination Machine, a
desalination system that integrates solar photovoltaic with solar dish concentrator. This approach is
anticipated to offer a viable solution for meeting clean water needs in communities, particularly in
regions facing similar challenges.

To address the clean water crisis in coastal areas of Indonesia and the urgency of developing
sustainable solutions, various studies have been conducted to explore seawater desalination
technologies utilizing renewable energy. The first study evaluated the performance of a seawater
desalination system powered by photovoltaic panels and an innovative solar thermal concentrator.
This system uses water preheating with PV panels, integrating a thermal recovery system and a
parabolic concentrator to improve the efficiency of the reverse osmosis (RO) process. Findings
showed that the use of a preheating unit reduced specific power consumption (SPCRO-PX) by 24.33—-
35.79% for brackish water and 18.69-22.87% for seawater. Furthermore, freshwater costs can be
reduced by up to 33.1%, making this technology an efficient option for applications in remote areas
[36]. The second study developed a small-scale seawater desalination system using a combination of
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a parabolic dish and a solar still. The system consists of a 1.46 m diameter parabolic dish and a 33 x
19 x 29 c¢m solar still, positioned at the dish’s focal point. The dish is covered with aluminum foil,
providing a reflectivity of 0.88 to concentrate solar radiation onto the solar still. Test results showed
that the system reduced pH by 7.28%, hardness by 99.29%, chloride by 98.75%, and Total Dissolved
Solids (TDS) by 99.79% from seawater. While effective in purification, the system produced only a
small amount of distillate (65 ml), indicating that further development is needed to increase its
productivity [37].

The next research focused on a solar-powered seawater desalination system using a hyperboloid
concentrator and a helical copper coil. This system consisted of an evacuated tube collector (ETC), a
parabolic dish concentrator (PDC), and a hyperboloid concentrator (HBC). The hyperboloid
concentrator was specifically designed to collect radiation at a wide angle of incidence without
requiring tracking. The results showed that the system was capable of producing high-quality
drinking water with a salt concentration of 190 ppm from seawater with a salinity of 35.07 ppt in 3
hours, yielding 300 mL of pure water. The system’s efficiency increased by 30% compared to a
conventional PDC, with a maximum output temperature of 109 °C [38].

The theoretical approach in this study provides a framework for understanding the relationship
between design parameters and system performance. The developed model can be used to predict
system performance under various operational conditions and assist in optimizing the design for
specific applications. Based on the analysis of previous studies, there is a need to develop a solar
desalination system that can overcome productivity limitations while maintaining high energy
efficiency and water quality. This study aims to fill this gap by developing a Solar Desalination
Machine that integrates solar photovoltaic technology with a solar dish concentrator, specifically
designed to increase clean water productivity while maintaining optimal energy efficiency and water
quality for communities in coastal areas of Indonesia.

2. Materials and Methods

This research employed the Research and Development (R&D) methodology, a systematic and
structured research-based approach that excelled in driving innovation, testing practical
applications, and advancing technology [39]. The method was chosen based on the research objective
of producing new technological products that could be practically applied to address problems [40].
This methodology was applied to develop and test seawater desalination technology powered by
renewable energy. The study involved the analysis of various systems integrating photovoltaic
panels and thermal concentration, with a primary focus on the efficiency of the seawater desalination
process.

This research also employed a quantitative approach to demonstrate the scientific value and
robustness of the product’s measurements through the analysis of research data [41]. The data
obtained were analyzed to assess the impact of various operational parameters on efficiency and
costs. The research was conducted in five stages, as shown in Figure 1.

Literature Review

System Design

Prototype Construction

Product Testing

Data Analysis

H
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Figure 1. R&D Methodology Stages

2.1. Literature Review

The research began with a comprehensive literature review to establish a strong theoretical
foundation. Journal articles and conference papers on renewable energy-powered desalination
technologies were collected. These sources provided insights into the design and operational
principles of existing systems, highlighting innovations in solar energy utilization, thermal dynamics,
and material selection. Particular attention was paid to factors influencing desalination efficiency,
such as the integration of solar photovoltaic (PV) panels and thermal concentrators. This review
informed the identification of best practices and technical challenges that guided subsequent research
phases [42].

2.2. System Design

The design phase involved conceptualizing and modelling a desalination system that integrated
solar PV panels and a parabolic dish concentrator. This design process consisted of two phases,
including initial product sketch design and a final product design. Computer-aided design (CAD)
software was used to create precise component models, ensuring optimal integration of system
elements. Material selection prioritized components with high thermal conductivity and durability
to withstand the extreme temperatures typical of the desalination process. The design also
emphasized modularity for ease of assembly and potential scalability for larger applications. The
theoretical framework developed at this stage served as the basis for practical implementation. Figure
2 below shows the final three-dimensional design of the product to be developed.

N\
\

1)-

Figure 2. Product Design Final Version

Each component in Figure 2 has a function in the operation of this product. A complete list of
the functions of each component can be seen in Table I.

Table 1. Components in the Product

Part

Components Function
Code P

It manages the electricity generated by solar photovoltaic, regulates power
1 Controller distribution to other components, monitors system performance, and stores
data for analysis. This controller section is on the market above the reservoir.
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Part C ¢ Functi
omponents unction
Code d
. Storing seawater before entering the boiler and controlling the seawater
2 Reservoir
supply to the system.
. Capture seawater, optimize evaporation, and convert it to steam using heat
3 Boiler . .
provided by a solar dish concentrator.
Sol D,ShMaximizing heat concentration to rapidly heat seawater to initiate the
olar i . . .. -
4 evaporation process and increase thermal efficiency by utilizing
Concentrator
concentrated solar energy.
. Transferring the steam generated in the boiler to the condenser and insulated
5 Steam Pipe . .
to minimize heat loss during the transfer process.
6 Condenser Cooling the steam to change it back to liquid form (desalinated water) and
removing impurities and salts as the water transitions from steam to liquid.
Water Storage . . .
7 . 8 Collecting desalinated water after the condensation process
Container
8 Solar Converting solar energy into electricit
verti i ici
Photovoltaic & 2 Y

Based on the design presented in Figure 2, this seawater desalination system operated using
integrated and systematic operating principles. Furthermore, Figure 3 illustrates the framework for
the overall operation of the desalination system, explaining the working mechanism from solar
energy absorption to clean water production.

Solar Cell

Boiler

Solar Dish
Concentrator

Condensor

Water Storage
Container

i

Figure 3. Operational Framework of Device

According to the operational framework illustrated in Figure 2, the process began with solar
photovoltaic operating simultaneously to convert solar radiation into electrical energy, thereby
providing an additional heating source for the water and optimizing the overall energy efficiency of
the system through metered electricity usage. The electrical energy was utilized to sustain the
continuous desalination process. The subsequent stage, following the solar cell operation, involved
the flow of seawater from the main reservoir to the boiler unit, serving as the initial processing stage.
In the boiler unit, the seawater underwent a phase transformation through evaporation, producing
water vapor as an intermediate product. The Solar Dish Concentrator functioned as a collector and
focuser of solar thermal energy, directing the concentrated heat to the base of the boiler to elevate the
seawater temperature to the required boiling point.

Furthermore, the water vapor generated in the boiler was channeled through a piping system to
the condenser unit for the condensation stage. The condenser unit operated by lowering the
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temperature of the steam, inducing a phase change from gas to liquid and thereby producing salt-
free freshwater. The condensed freshwater was subsequently distributed and stored in a designated
Water Storage Container, which served as the final storage unit.

2.3. Prototype Construction

The prototype construction phase was conducted using components procured in accordance
with the design specifications. The assembly included critical elements such as the parabolic
concentrator, boiler, condenser, and solar photovoltaic panels. Electronic components were
integrated to regulate temperature and optimize energy utilization. Particular attention was given to
ensuring assembly accuracy and component compatibility, as these factors directly influenced system
efficiency and reliability. This phase translated the theoretical design into a functional, operational
system.

2.4. Product Testing

This device was developed to convert seawater into potable water. Initial testing was conducted
under controlled laboratory conditions to evaluate the system’s thermal performance, evaporation
rate, and condensation efficiency. Key parameters such as boiler temperature and condensation rate
were monitored and analyzed. Iterative adjustments were made to optimize performance, addressing
any deficiencies identified during testing. This phase ensured that the system met theoretical
expectations before being exposed to real-world conditions.

Following successful laboratory testing, the prototype was deployed in a drought-prone coastal
area to evaluate real-world performance. Field testing was conducted in one of Indonesia’s most
frequently water-stressed villages: Jepitu Village, Girisubo District, Gunung Kidul Regency,
Yogyakarta Special Region.

Figure 4 shows the completed device being tested. Field testing involved measuring
environmental variables, including solar irradiation, ambient temperature, and humidity, which can
affect desalination efficiency. The system’s ability to sustainably produce clean water under various
climatic conditions was assessed. Data collected during this phase provided valuable insights into
the system’s practicality, efficiency, and potential for broader applications.

Figure 4. Product Testing

The system operation was intentionally limited to a 4-hour daily window to match the electrical
availability of the 50 Wp photovoltaic panel and ensure stable and repeatable operation during peak
solar irradiance conditions.
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2.5. Data Analysis

Data from laboratory and field testing were statistically analyzed to evaluate system
effectiveness and identify areas for improvement. Performance metrics, including daily water output,
energy consumption, and desalination efficiency, were compared with those reported in previous
studies and technologies. The analysis informed the final recommendations for system optimization
and potential commercialization.

3. Results and Discussion

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

This chapter presents an analysis of performance metrics and experimental findings obtained
from the implementation and testing of a solar-powered desalination system. The research results
are categorized based on key performance indicators, including thermal efficiency, clean water
production, water pH levels, and electrical conductivity [43].

An in-depth analysis of these parameters provides comprehensive insight into the system’s
effectiveness in converting seawater to freshwater. This performance evaluation includes systematic
quantitative measurements to validate the operational capabilities of the desalination system. The
collected data allows for the identification of critical factors influencing the optimization of the solar-
powered desalination process under diverse operational conditions.

3.1. Boiler Calculation Analysis

In boiler system design, precise dimensioning is essential to ensure both operational efficiency
and safety. In this study, the boiler dimensions were determined based on a design target daily water
production of approximately 12 liters, which is consistent with the experimentally observed output
of the prototype system.

To achieve this target, the desalination process was designed to operate in batch mode, with a
nominal batch volume of 3 liters per cycle. Considering a maximum of four heating cycles per day
within the available operational window, the design capacity slightly exceeds the target production
to provide a conservative safety margin.

The boiler volume is first determined based on the required water volume to be stored, with the
safety factor considered. Accurately determining the required volume ensures that the boiler capacity
is sufficient for operational needs and prevents the risk of water shortages during the heating process.
Subsequently, to determine the physical size of the boiler, specifically its diameter, a geometric
approach based on its cylindrical shape is applied. Assuming the boiler resembles a vertical tube, its
volume can be calculated using the formula for the volume of a cylinder, as shown in Equation 1 [44].

I ><(D_boiler)2><
4

V= L 1)

In the solution, it is known that the required water volume is 0.003 m? and the actual length
(height) of the boiler is 0.2 m. Therefore, the boiler diameter can be calculated using the calculation
below.

4 x0.003

D_boiler = v =0.138 m = 13.8 cm
0.2xT

Furthermore, to support the heat absorption process and provide additional space for heat

distribution and technical tolerances, the absorption diameter needs to be calculated. This diameter
is obtained by adding a tolerance based on the thickness of the tube wall material, which can be
calculated using Equation 2 [45].

D_abs =D_boiler +2 x t 2)

Where,
t = material thickness = 0.002 m =2 mm
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So we get:

D_abs =0.138 + 2 x (0.002) =0.142 m =~ 14.2 cm

The effective catchment area is the area responsible for receiving and absorbing heat energy on
the boiler surface. This area can be calculated using Equation 3 as a combination of the circular cross-
sectional area and the tube surface area [46].

1 X(D_abs)?

A_abs = +m xD_absxL 3)

With value substitution:
A_abs = m x 0.142 x 0.2 =0.105 m?

This value indicates the total effective surface area of the boiler directly involved in the heat

T x(0.142)*

absorption process and serves as a reference for subsequent thermal efficiency calculations. The
calculation results show that the boiler dimensions obtained include a boiler diameter of 13.8 cm, an
absorption diameter of 14.2 cm, a boiler height of 20 cm, and a material thickness of 2 mm. The
effective catchment area is recorded at 0.105 square meters.

The planning stage indicates that several important aspects need to be considered to ensure the
overall performance and reliability of the system. First, material selection must consider corrosion
and high temperature resistance to ensure long-term system durability. Second, a reliable control
system needs to be implemented, particularly for temperature and pressure regulation, to ensure
safety during operation. Third, routine maintenance is highly recommended to maintain optimal
performance and prevent premature failure. Finally, sensor-based monitoring needs to be installed
to monitor operating parameters in real time, enabling early detection of potential system disruptions
or discrepancies. In this system, the boiler section is constructed of 2 mm thick Grade 316L Stainless
Steel.

3.2. Boiler Temperature Analysis

During a 4-month operational trial under real-world conditions, the desalination system
demonstrated stable and efficient thermal performance. Based on monitoring results, as shown in
Figure 5, the average steam outlet temperature was 105.9 °C. This temperature achievement reflects
the system’s high efficiency in converting solar energy into heat, thanks primarily to the integration
of a solar dish concentrator. This consistently high temperature is an important indicator that the
carefully calculated boiler dimensions can support optimal thermal performance.

The correlation between actual temperature performance and the dimensional analysis during
the design phase reinforces the validity of the design approach. With a boiler volume of 3 liters per
cycle and an effective catchment area of 0.105 m?, this area proved sufficient to absorb and distribute
heat evenly across the boiler surface. This is crucial, given that high operating temperatures require
stable heat distribution and minimal gradients to prevent material damage and ensure efficient
seawater evaporation. Therefore, geometric parameters such as an absorption diameter of 14.2 cm
and a boiler height of 20 cm are crucial for achieving this optimal operating temperature.

Operation at approximately 105-106 °C near atmospheric pressure avoids the need for pressure
vessel certification, simplifies system safety management, and is entirely compatible with 316L
Stainless Steel, which maintains its structural integrity and corrosion resistance well below its
working limit of approximately 870 °C. This confirms the appropriateness of the material selection
and underlines the importance of real-time temperature monitoring to maintain stable operation.
Real-time monitoring via sensors is also key to maintaining the system within safe and efficient
operating limits, in line with the overall system reliability-based design principle.
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Figure 5. Device Temperature Check

3.3. Parabolic Heat Concentrator Calculation Analysis

To design a parabolic reflector as a heat concentrator, several main parameters are required,
namely the parabola diameter (D), the parabola depth (h), and the focal length (f). Geometrically, the
relationship between these three variables can be expressed in the rotating parabola formula, which
can be observed in Equation 4.

fem @

Where:

f = focal point (m)

D = parabola diameter (m)

h = parabolic depth (m)

Value substitution:

D =12m

h =0.216 m

Ffooo=-92  _0416m

16x 0216
Based on the calculation results and optical design considerations, a parabolic heat concentrator

design was obtained with a diameter of 1.2 meters, a focal point of 41.6 cm, and a depth of 21.6 cm.
These dimensions were chosen to ensure maximum concentration of sunlight to the focal point, so
that heat absorption efficiency can be optimally increased in the heating process. The focal point is
41.6 cm, which is in accordance with the design of the heat concentration system. This shows that the
dimensions used are in accordance with the optimal focus requirements to direct sunlight to a single
point for maximum heat efficiency. Figure 6 is the parabolic heat concentrator component that
implemented in real conditions.

Figure 6. Parabolic Heat Concentrator
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3.4. Electrical Load and Photovoltaic System Sizing Analysis

Accurate sizing of the photovoltaic (PV) system is essential to ensure reliable operation of
auxiliary electrical components, including the feedwater pump, control unit, and monitoring sensors.
In contrast to thermal system sizing, PV capacity is determined based on actual electrical loads and
daily operating time, rather than derived from thermal calculations.

3.4.1. Electrical Load Assessment

The electrical loads of the desalination system consist of three main components: a 12 V DC
water pump (rated at 30 W), a solar charge controller (rated at 10 W), and temperature and
conductivity sensors (rated at 5 W combined). The total installed electrical load is therefore:

P_load=30+10+5=45W

The total installed electrical load is therefore 45 W. With an intended daily operating period of
4 hours (limited by the 50 Wp panel capacity), the total energy demand per day is calculated using
Equation 5 [47].

E=P_load x t )
Where:
E = daily energy demand (Wh/day)
P_load = total electrical load power (W)
Cu = operating hours per day (h/day)
t_op = daily operating hours (h)

The following results are derived from the available parameters:
E=45W x4 h =180 Wh/day

3.4.2. Daily Energy Demand Calculation

Gunung Kidul, Indonesia, receives a minimum of approximately 5 peak sun hours (PSH) per
day. With the total daily energy demand established, Equation 6 is used to verify that the daily energy
supply from the PV panel (rated capacity multiplied by peak sun hours and the derating factor) meets
or exceeds the calculated demand [48]. The daily electrical energy supplied by a photovoltaic module
is estimated using:

E_PV =P_panel x PSH x 1) (6)
Where:
E_PV = daily energy supply from PV panel (Wh/day)
P_panel  =rated PV panel capacity (Wp)
PSH = peak sun hours per day (5 h/day for Gunung Kidul)
H = A conservative value of 1 is 0.85

For the 50 Wp panel used in this system, with a minimum 5 peak sun hours and a derating factor

of 0.85, the available daily energy supply is:
E_PV =50 Wp x 5 h/day x 0.85 = 212.5 Wh/day

Since the available daily energy supply (212.5 Wh/day) exceeds the required electrical demand
(180 Wh/day), the selected 50 Wp photovoltaic panel is sufficient to support stable system operation.
The resulting design margin of approximately 18% provides tolerance for intermittent cloud cover,
gradual module degradation, and short-term efficiency losses, ensuring reliable performance
throughout the operational window.

3.4.3. Required PV Panel Capacity

To determine the minimum required PV panel capacity, the daily energy demand is divided by
the effective daily peak sun hours (PSH) for the Gunung Kidul region (approximately 5 peak sun

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.2103.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 April 2026 d0i:10.20944/preprints202604.2103.v1

11 of 17

hours per day), and a system derating factor of 0.85 is applied to account for wiring losses, battery
inefficiency, and module temperature effects, as shown in Equation 7 [49].
S L
" kaxAT (7)
Where:
P_min=minimum required PV panel capacity (Wp)
E_daily = total daily energy demand (Wh/day)
PSH = peak sun hours per day (h/day)
n = system derating factor (0.85)
Calculation results:
A= 5 ii)‘.}ss = 424 Wp
With the minimum PV capacity of 42.4 Wp determined, the system adopts a 50 Wp panel, which
exceeds the minimum requirement by a margin of 18%, providing sufficient headroom for cloudy
days and system losses. Equation 8 is used to verify the number of panels required [50].

4xA

D_Al= +-
s

)

Where:
P_PV =required PV capacity (Wp)
P_min=minimum required PV panel capacity (Wp)

m = constant pi (3.14159)
Calculation results:
D_Al= V222N = 42.4 - 50 = 0.85 — 1 panel (50 W satisfies 42.4 Wp)

Using Equation 9, the minimum required PV panel capacity is calculated by dividing the total
daily energy demand by the available peak sun hours and the system derating factor [51].

H
P_PV=— )

Where:
E_available = actual energy available from selected panel (Wh/day)
E_daily = total daily energy demand (Wh/day)
n = system derating factor (0.85)
The result of the calculation is:

P PV=—2_ -44Wp
5x0.85

From the calculation, the minimum required PV capacity based on the electrical load and
available solar resource is 42.4 Wp. The system design adopts a commercially available 50 Wp panel,
which satisfies this requirement with an 18% margin. To confirm the adequacy of this choice, the solar
cell capacity is verified against the total system load using Equation 10 [52].

P_load
P_sc= E‘f’; (10)
Where:
P_sc = Total verified PV system capacity (Wp)
P_load = total electrical load power (W)
n = system derating factor (0.85)

The result of the calculation is
45/0.85=

o0~ 029 Wp minimum — 50 Wp panel adopted (sufficient for 4-hour daily

P sc =
operation)

Based on these calculations, the minimum required solar photovoltaic capacity is 42.4 Wp. The
system employs a commercially available 50 Wp panel (approximately 0.6 m x 0.5 m), which exceeds
the minimum requirement and provides an 18% design margin. The panel supplies 212.5 Wh/day,
which is sufficient to power all auxiliary electrical loads (pump, controller, and sensors totalling 45
W) for a daily operational period of 4 hours, covering the peak solar irradiance window.
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3.5. Analysis of Clean Water Produced

The desalination device demonstrates robust clean water production capabilities. Figure 7 shows
the volume of clean water produced by this system. With a production rate of 1,500 mL every 30
minutes, the system is capable of producing approximately 12 liters per day over a 4-hour daily
operational period under optimal sunlight conditions. This output is derived as: 1,500 mL/cycle x 8
cycles (one cycle per 30 minutes over 4 hours) = 12,000 mL = 12 L/day. This capacity demonstrates
meaningful potential for meeting the basic daily water needs of small households in drought-prone
coastal areas. This performance is supported by the synergy between thermal and photovoltaic
energy, which keeps the system operating stably throughout the peak solar irradiance window.
Furthermore, this efficiency reflects the effectiveness of the parabolic concentrator design in
sustaining continuous seawater evaporation and condensation.

) [

b\

Figure 7. Clean Water Produced

3.6. Analysis of pH of Desalinated Water

A pH test was conducted to compare the chemical properties of seawater from the beach in
Jepitu Village, Girisubo District, Gunung Kidul Regency, with desalinated water. The pH analysis of
the desalinated water aims to assess its suitability for human consumption, as shown in Figure 8. The
seawater from the beach has a pH of more than 8, indicating its alkaline nature. After the desalination
process, the initial distillate pH measured 6.4. This slightly acidic result is a common characteristic of
distilled water, caused by dissolved CO2 from the atmosphere and the removal of alkaline mineral
ions during evaporation. To bring the pH within the WHO and Ministry of Health in Indonesia,
potable water standard is 6.5-8.5. A simple post-treatment step was applied: a controlled addition of
food-grade sodium bicarbonate (NaHCOs) solution, raising the final product water pH to 6.8. This
significant pH change indicates the system’s ability to improve water quality effectively.

The final product water pH of 6.8 meets the potable water standard of pH 6.5-8.5 according to
the Ministry of Health Regulation (Permenkes No. 492/MENKES/PER/IV/2010). The initial distillate
pH of 6.4 was corrected via a low-cost post-treatment mineral dosing step, which is standard practice
in distillation-based desalination systems. This process is likely influenced by the separation of base
ions during evaporation and condensation. Furthermore, this pH change is important because
excessively high or low pH can affect taste, safety, and other chemical reactions in the human body.
Therefore, pH stabilization is a crucial indicator in desalination system validation.

Figure 8. pH Level Test

A summary of pH types includes the characteristics of alkaline (pH > 7), neutral (pH =7), and
acidic (pH < 7) water. Seawater is generally alkaline due to its salt and mineral content. The
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desalination process not only removes salt but also adjusts the pH to meet consumption standards.
This pH parameter is important because ideal drinking water has a pH between 6-8.5 [53-55]. Water
with a pH that is too low can be corrosive, while a pH that is too high can affect taste and chemical
reactions in the body.

3.7. Analysis of Electrical Conductivity of Water

Electrical conductivity (EC) measurements were conducted to assess the effectiveness of the
desalination system in reducing seawater salinity. Figure 9 shows that raw seawater exhibits a high
EC value of 40-50 mS/cm, reflecting its high dissolved salt content. After desalination, the EC value
dropped dramatically to 480-500 uS/cm. This significant decrease indicates that the system
successfully removed most of the dissolved salts, resulting in water with low salinity.

This decrease in conductivity also indicates that the desalinated water meets standards for
domestic use, such as household consumption and agricultural irrigation. This desalination process
demonstrates the technology’s effectiveness in producing clean, usable water, while also supporting
water security in coastal areas lacking freshwater sources. Furthermore, these results reinforce the
argument that the system can perform optimally under high solar radiation conditions.

Figure 9. Electrical Conductivity of Water Test

3.8. Sustainability Contribution

This system relies on renewable energy from sunlight, which aligns with the principles of
environmental sustainability and a circular economy. By utilizing solar power for both electrical and
thermal processes, the system significantly reduces its carbon footprint. Its modular design also
facilitates scalability and installation across multiple geographic regions. Furthermore, this study
makes several important contributions, such as the Sustainability Contribution shown in Figure 10.

SUSTAINABILITY

CONTRIBUTION
I
v
NOVEL o
INTEGRATION @ =0
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DEMONSTRATION
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Figure 10. Sustainability Contribution
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3.8.1. Innovative Technology Integration

This desalination system combines solar photovoltaic panels with a parabolic solar concentrator
to simultaneously harness electrical and thermal energy for efficient seawater desalination. By relying
entirely on renewable solar energy, the system eliminates recurring fuel costs and grid electricity
dependency, offering a potentially economical solution for off-grid water-stressed communities. A
full techno-economic analysis, including capital expenditure (CAPEX) and operational expenditure
(OPEX), is recommended in future work to quantify cost-per-liter metrics and compare with
alternative desalination approaches.

3.8.2. Proven High Performance

The system’s performance compares favorably with other solar desalination technologies
discussed in the literature. The steam outlet temperature of approximately 106 °C is consistent with
similar parabolic concentrator-based desalination systems reported in the literature [37,38],
confirming the adequacy of the 1.2 m dish. The daily clean water yield of 12 liters is comparable to or
greater than small-scale solar stills and single-parabolic concentrator systems of equivalent aperture
area, which typically produce 2-10 liters per day [37], while this system achieves its output within a
compact 4-hour operational window. Testing also demonstrated significant improvements in water
quality in terms of pH, salinity, and electrical conductivity.

3.8.3. Focus on Sustainability Aspects

By harnessing solar energy and reducing waste, this system implements circular economic
principles and is environmentally friendly. Its implementation in a drought-prone area also
demonstrates the system’s resilience and adaptability to various environmental conditions. This
demonstrates that the system can be a viable solution for other areas with similar conditions.

The main advantage of this system lies in its ability to efficiently address clean water needs
without compromising the environment. In addition to its environmental friendliness, the use of this
hybrid system also opens up opportunities for the use of smart technology in future desalination
schemes. Its reliability in various weather conditions and space-saving design allow for installations
at household scales and in remote communities. This is a strategic step in supporting the Sustainable
Development Goals (SDGs), particularly in terms of access to clean water and renewable energy.

4. Conclusions

This study successfully developed and tested a solar-powered seawater desalination system that
integrates solar photovoltaic panel technology with a solar dish concentrator to address the clean
water crisis in drought-prone coastal areas in Indonesia. This hybrid system demonstrated highly
satisfactory performance, achieving an average steam outlet temperature of 105.9 °C at near-
atmospheric pressure, consistently enabling efficient seawater evaporation and condensation
throughout the 4 months test period.

The system’s productivity reached 1,500 ml of clean water every 30 minutes, yielding a total
daily production of approximately 12 liters (1,500 mL x 8 cycles) over a 4-hour operational window
under optimal sunlight conditions. These results demonstrate sufficient capacity to meet the clean
water needs of small communities in remote areas. Water quality analysis showed significant
improvements, with a pH change from 8 (seawater) to 6.8 (desalinated water) following post-
treatment pH adjustment with a food-grade sodium bicarbonate dosing step, which falls within the
WHO and Ministry of Health standard range of 6.5-8.5 for potable water. Electrical conductivity
dropped dramatically from 40-50 mS/cm to 480-500 uS/cm, indicating a substantial reduction in
salinity and the effectiveness of the desalination process.

The system’s advantage lies in its integrated approach, optimally utilizing solar energy through
a combination of electricity generation and heat concentration. The modular design allows for
scalability and adaptability to various geographic conditions, while the use of renewable energy
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supports the principles of environmental sustainability and a circular economy. The system has been
proven to operate independently without relying on the conventional electricity grid, making it an
ideal solution for remote areas.

The implementation of this solar-powered desalination system makes a significant contribution
to supporting the Sustainable Development Goals (SDGs), particularly in providing access to clean
water and utilizing renewable energy. This research demonstrates that solar-based desalination
technology can be a practical, economical, and sustainable solution to address clean water scarcity in
Indonesia, with potential for broader application in other developing countries facing similar
challenges.
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