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Abstract: Coastal communities in Indonesia face limited access to clean 
water because water sources are dominated by seawater and the 
availability of fresh water is extremely limited. This problem creates a need 
for innovative and sustainable solutions that can be applied in everyday 
life and utilized in science learning. This study aims to design and test the 
feasibility of a solar panel–based seawater purifier as a contextual physics 
learning medium and a means of providing clean water for coastal 
communities. The research method used is Research and Development 
(R&D), conducted through the stages of needs analysis, design, 
prototyping, expert validation, and limited field trials. Data collected 
includes expert validation results, practicality assessments by teachers and 
students, and empirical measurements of water quality such as pH, TDS, 
salinity, specific gravity, ORP, and EC. Qualitative findings from the 
validators indicate that this tool has good functionality, is relevant for 
learning, is easy to use, and is safe to operate. The results show an average 
validity of 3.73 (very valid) and practicality of 3.60 from students and 3.86 
from teachers (very practical category). Water quality tests showed a pH 
of 6.83, TDS of 124 ppm, which meets WHO standards (TDS < 500 ppm), 
salinity of 0.01%, specific gravity (SG) of 1.00, ORP of 224 mV, and EC of 0 
µS/cm, indicating that the water is suitable for consumption. Thus, the aim 
of the research is to produce a valid, practical seawater purifier and 
provide a sustainable alternative solution for the clean water needs of 
coastal communities. 
 
Keywords: Coastal areas; Design innovation; Science learning; Seawater 
purification; Solar panels 

  

Introduction 
 
Indonesia, as an archipelagic nation, has the 

second-longest coastline in the world. This geographical 
location makes coastal areas vital to people’s lives, 
serving as residences, centers of economic activity, and 
educational centers. One of the classic problems facing 
coastal communities is limited access to clean water 
(Sembiring et al., 2023). Limited freshwater resources are 
insufficient to meet demand, while abundant seawater 

cannot be directly utilized due to its high salinity 
(McPeake et al., 2025). This problem impacts health and 
social aspects, as well as the science learning process in 
coastal schools, which require practical media based on 
real-world phenomena in the surrounding environment. 

Clean water is a basic human need, yet its 
availability is increasingly limited due to population 
growth, rapid urbanization, and the significant impacts 
of climate change (Chebil et al., 2024). Over 97% of the 
Earth’s water is seawater, while usable freshwater is 
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scarce, leading many regions around the world to 
experience a clean water crisis (Chebil et al., 2024). 

To overcome these limitations, one widely 
developed solution is desalination technology, the 
process of converting seawater into usable freshwater 
(Alrowais et al., 2022). Desalination technology is 
divided into two main types: heating (thermal) methods 
and membrane methods (Dimitriou et al., 2025). 
Thermal methods such as multi-stage flash (MSF) and 
multi-effect distillation (MED) have been used for a long 
time, but they require very high energy consumption 
and pose environmental problem (Alrowais et al., 2022). 

On the other hand, membrane technologies such as 
reverse osmosis (RO) are gaining popularity due to their 
greater energy and operational cost savings and now 
account for approximately 69% of global desalination 
capacity (Marx et al., 2025). However, RO also faces 
significant challenges, including fouling and scaling, 
where dirt, microorganisms, or salts accumulate on the 
membrane and degrade system performance (Philibert 
et al., 2024). Fouling leads to decreased water quality, 
increased energy requirements, and higher maintenance 
costs (Shouman et al., 2024). Research has even shown 
that calcium sulfate deposits are difficult to remove even 
with the use of antiscalants, resulting in reduced system 
performance and water quality (Rezaei et al., 2020). 

To mitigate these issues, researchers are developing 
innovations in membrane design and materials. For 
example, the addition of Surface Modifying 
Macromolecules (SMM) to hollow fiber PVDF 
membranes has been shown to improve salt filtration 
performance by up to 99.9% (Purwanto et al., 2021). 
Furthermore, the use of ZrO₂ nanocomposites in RO 
membranes can also increase membrane resistance to 
fouling (Alaswad et al., 2025). Membrane distillation 
(MD) technology, particularly vacuum membrane 
distillation (VMD), is also attracting increasing attention 
due to its ability to produce high-quality water with 
lower energy consumption (Idrees et al., 2023). Another 
study found that PVDF-PTFE composite membranes can 
provide stable results in both seawater and brackish 
water (Madupathi et al., 2024). 

In addition to membrane material development, 
several other technologies also offer improved energy 
efficiency. Multistage electrodialysis, for example, can 
reduce energy consumption by up to 3.6 kWh/m³, 
making it more economical than traditional methods 
(Doornbusch et al., 2019). Meanwhile, the integration of 
seawater reverse osmosis with pressure-retarded 
osmosis (SWRO–PRO) has been shown to reduce 
specific energy consumption by up to 41% (Marx et al., 
2025). 

Another crucial effort is integrating desalination 
technology with renewable energy, particularly solar 
energy, which is abundant in arid regions most 

vulnerable to water crises (Madhuri et al., 2025). The use 
of solar energy in air-conditioning and desalination 
systems has been shown to reduce energy consumption 
by up to 60% compared to conventional systems (Yosry 
et al., 2024). Furthermore, solar-powered desalination is 
considered more environmentally friendly because it 
can reduce carbon emissions (Goosen et al., 2023). 

Another interesting innovation is the bio-
electrochemical method using Microbial Desalination 
Cells (MDC), which not only produces clean water but 
also treats wastewater and generates electricity in a 
single system (Sikder et al., 2024). Furthermore, the 
humidification-dehumidification (HDH) method with 
fogging also holds promise, as it can reduce clean water 
production costs to just USD 0.0088 per liter (Nabil et al., 
2025). 

Clean water plays a crucial role in supporting the 
learning process, particularly in science, which 
emphasizes practical and experimental aspects. Real-
world problems related to clean water needs can serve 
as entry points for learning to understand various 
scientific concepts, such as the water cycle, heat transfer, 
renewable energy, and simple engineering technologies. 
Therefore, developing innovations that connect the 
community’s need for clean water with educational 
needs is crucial. The abundant use of solar energy in 
coastal areas offers a significant opportunity to 
introduce simple, environmentally friendly, and low-
cost seawater purification technology (Curto et al., 2021). 
In addition to providing a solution to community needs, 
this innovation also serves as a contextual learning tool 
that emphasizes the relationship between scientific 
theory and the application of technology in everyday life 
(Shatat et al., 2014). 

This clean water issue can be used as a relevant 
learning context, as it concerns the community’s 
fundamental needs. Through this real-life issue, the 
public can learn various scientific concepts, such as the 
water cycle, evaporation, condensation, and the use of 
renewable energy. Thus, local challenges facing coastal 
areas can be transformed into opportunities to introduce 
problem-based learning models that encourage students 
and the general public to think critically and creatively 
in finding solutions. 

Utilizing solar energy offers a potential solution to 
these challenges. The intensity of sunlight in coastal 
areas is very high year-round, making it a potential 
renewable energy source (Ibrahim, 2022). The process of 
purifying seawater using solar panels utilizes the simple 
yet effective principles of evaporation and condensation. 
This innovation has the potential to produce clean 
freshwater while also providing a contextual learning 
medium that connects theory with the application of 
technology in everyday life (Wu et al., 2021). 
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Modern desalination technology has developed, 
but it generally requires significant costs and complex 
infrastructure (Pan et al., 2022). This makes it difficult for 
coastal communities to access. A solar panel-based 
seawater purifier can be designed in a simple, low-cost, 
and environmentally friendly way. The use of local 
materials allows schools and communities to build and 
operate it independently. 

The effectiveness of this technology has been 
proven through research conducted by Hadi et al. (2024). 
The study compared the quantity of purified water from 
three tanks with different configurations. The results 
showed that the tank with two heating elements 
produced the most fresh water, namely 1,984 ml, higher 
than the tank with one element (1.198 ml) and without 
elements (820 ml). The quality of the resulting water was 
also good, indicated by a pH of 7.07 and a TDS of 78 
ppm, which is safe for consumption. These findings 
indicate that the use of solar panels in seawater 
purification is not only technically feasible but also has 
great potential as a science learning medium in coastal 
schools. 

In the context of learning, a project-based learning 
approach is highly relevant for utilizing this seawater 
purification technology. Through designing, building, 
and testing the device, the community can gain real-life 
learning experiences. These activities not only hone 
understanding of scientific concepts but also cultivate 
critical thinking, creativity, and collaboration skills. 
Thus, learning is oriented not only toward cognitive 
knowledge but also toward developing 21st-century 
skills needed in everyday life. 

The benefits of this innovation extend beyond 
education. The clean water produced can be directly 
used by coastal communities struggling to access 
freshwater sources. In other words, educational 
institutions developing this technology can serve a dual 
role: as learning centers and agents of social change 
(Wibowo et al., 2020). This demonstrates how education 
can have a tangible impact on the surrounding 
environment, aligning with the Sustainable 
Development Goals (SDGs), which emphasize the 
integration of quality education with meeting basic 
community needs. 

In addition to providing practical benefits, this 
technology also has educational value in fostering 
environmental awareness. Through the implementation 
of solar-powered seawater purifiers, the public is 
introduced to the importance of renewable energy and 
the limitations of fossil fuels (Rahmani et al., 2022). This 
learning process fosters an understanding that 
technological choices have an impact on the 
environment. Therefore, the implementation of this 
innovation has the potential to produce a generation that 
is more concerned about preserving the earth and 

oriented towards sustainable development (Yoshi et al., 
2017). 

The characteristics of coastal areas, which are rich 
in sunlight and yet face limited freshwater resources, 
reinforce the relevance of developing solar panel–based 
seawater purifiers. This technology can be integrated 
into various forms of general education, particularly in 
the areas of energy, material transformation, and 
environmental issues. By combining technical, 
educational, and social aspects, this innovation is not 
only a technical solution but also a strategy for building 
community awareness, skills, and independence. 
Therefore, the urgency of developing this technology is 
increasingly clear as an effort to address local challenges 
while strengthening the role of education in responding 
to global issues. 

 

Method 
 
This study uses the Research and Development 

(R&D) method with a focus on developing a conceptual 
design for a solar panel-based seawater purifier that can 
be used to support science learning in coastal areas. This 
research is a Research and Development (R&D) study 
using the ADDIE (Analysis, Design, Development, 
Implementation, Evaluation) development model. The 
ADDIE model was chosen because it presents systematic 
and structured stages to produce a product that meets 
the expected goals, namely designing and developing an 
effective and efficient product (Mulyatiningsih, 2016). 

The ADDIE model includes five stages, namely: (1) 
Analysis, which focuses on identifying problems related 
to the need for clean water in Gaung Anak Serka District; 
(2) Design, which is making an initial design for a 
seawater purifier as a learning medium; (3) 
Development, which is the process of making a tool 
according to the design that has been prepared; (4) 
Implementation, which is a step to test the use of the tool 
that has been developed; and (5) Evaluation, which aims 
to assess the quality and effectiveness of the resulting 
product. 

However, this research only reached the 
development stage of a seawater purifier used as a 
learning medium for global warming for high school 
students. The research data consisted of two types: 
qualitative and quantitative. Qualitative data were 
analyzed descriptively, while quantitative data were 
obtained by comparing the results of the device’s 
measurements with drinking water quality standards. In 
general, seawater has a salt content of around 33,000 
mg/L, while brackish water ranges from 1,000–3,000 
mg/L (Bekliu et al., 2025). Meanwhile, drinking water 
suitable for consumption must have a salt content below 
400 mg/L. Therefore, treatment is necessary to reduce 



Jurnal Penelitian Pendidikan IPA (JPPIPA) November 2025, Volume 11, Issue 11, 1006-1020  
 

1009 

the salt content of both seawater and brackish water to a 
safe threshold. 

The quantitative data in this study are the results of 
empirical validation of the tool trials, with the aim of 
determining the level of measurement error compared 

to the water consumption standards stipulated in 
(Ministry of Health, 2023). Mandatory Drinking Water 
Parameters according to Indonesian Minister of Health 
Regulation No. 2 of 2023 can be seen in Table 1. 

 
Table 1. Mandatory Parameters for Drinking Water (Kementerian Kesehatan, 2023) 
Parameter Maximum Limit (Ministry of Health Regulation) Unit 

pH 6.5 – 8.5 – 
Total Dissolved Solid (TDS) < 300 mg/L 
Salinity Not specifically stated, usually < 0.5 ppt (fresh water) ppt (‰) 
Temperature Air temperature ± 3 °C 

Specific Gravity (SG) 
Not listed directly, used for water characterization (≈1.0 for 

pure water) 
– 

Oxidation Reduction Potential (ORP) 
Not listed in the Minister of Health Regulation, used to assess 

the oxidation capacity of water (generally 250–400 mV for 
drinking water) 

mV 

Electrical Conductivity (EC) 
Correlation with TDS (generally < 500 µS/cm for drinking 

water) 
µS/cm 

Color ≤ 10 TCU TCU (True Color Unit) 
Smell Odorless – 

Qualitative descriptive data analysis was used to 
process qualitative data in the form of suggestions, 
criticisms, and comments from the validator. The 
analysis was carried out by grouping and describing the 
qualitative information obtained from the expert 
validation sheet. Quantitative descriptive analysis was 
used to process the expert validation results in the form 
of questionnaire scores (Prasetiyo et al., 2017). Data were 
obtained through questionnaires filled out by material 
expert and media expert validators. In this study, three 
lecturers from the Physics Education Faculty of the 
University of Riau acted as expert validators. The 
analysis stage involved determining categories and 
scores for the validation instrument answers filled out 
by the validator using a Likert scale as shown in Table 2. 
 
Table 2. Likert Scale Categories (Prasetiyo et al., 2017) 
Score Category 

4 Very good 
3 Good  
2 Bad 
1 Very Bad 

 
An assessment item is declared valid if all experts 

give a minimum score of 3. If the items on the 
questionnaire get a score of 1 and 2, they must be 
validated again until the items get a score of 3 or 4. Next, 
find the overall average of the instrument assessment 
sheet by comparing the number of scores obtained with 
the number of aspects assessed. Determination of the 
eligibility or validity criteria of a learning media is 
obtained by matching the total average with the validity 
category as shown in Table 3. 

An assessment item is declared valid if all experts 
give a minimum score of 3. Meanwhile, learning media 
is declared valid if all items have been declared valid by 
all validators or a validity index of at least 3.00. The 
validity index and validity categories can be seen in 
Table 3. 
 
Table 3. Validity Categories (Prasetiyo et al., 2017) 
Validity Index Category 

3.50 ≤ x ≤ 4.00 Very high 
3.00 ≤ x ≤ 3.50 High  
2.00 ≤ x ≤ 3.00 Low  
1.00 ≤ x ≤ 2.00 Very low 

 
Qualitative descriptive analysis was also used to 

process practicality data obtained from the field trial 
questionnaire. The instrument was administered to 29 
students and two teachers to assess the ease, clarity, and 
attractiveness of the learning media. The assessment 
scores were scored using a Likert scale with categories 
as shown in Table 4. 
 
Table 4. Practicality Likert Scale Categories (Nisa et al., 
2023) 
Score Categories 

4 Very Practical 
3 Practical 
2 Impractical 
1 Very Impractical 

 
The practicality results from students and teachers 

were analyzed by calculating the average for each 
statement. These averages were then matched against 
the practicality assessment categories, as shown in Table 
5. 
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An assessment item is declared practical if all 
respondents (students and teachers) give a minimum 
score of 3. Meanwhile, learning media is declared 
practical if all items have been declared practical by all 
respondents or the practicality index is at least 3.00. The 
practicality index and practicality categories can be seen 
in Table 5. 
 
Table 5. Practicality Categories (Nisa et al., 2023) 
Validity Index Category 

3.50 ≤ x ≤ 4.00 Very Practical 
3.00 ≤ x ≤ 3.50 Practical 
2.00 ≤ x ≤ 3.00 Less Practical 
1.00 ≤ x ≤ 2.00 Impractical 

 

Result and Discussion 
 
The issue of clean water in coastal areas is a critical 

issue that directly impacts people’s quality of life. As an 
archipelagic nation with the second-longest coastline in 
the world, Indonesia faces significant challenges in 
meeting this basic need. Abundant seawater cannot be 
directly utilized due to its high salinity, while freshwater 
resources are extremely limited. This situation creates a 
dependence on external supplies, the availability of 
which is not always guaranteed. Therefore, practical and 
sustainable solutions are needed that are appropriate to 
the characteristics of the coastal environment. 

One of the most significant potentials that can be 
harnessed is solar energy. Coastal areas generally 
experience high levels of sunlight year-round, opening 
up significant opportunities for environmentally 
friendly technologies. Utilizing solar energy to purify 
seawater into freshwater not only addresses a basic 
community need but also introduces innovative 
approaches to addressing resource constraints. The 
simple principles of evaporation and condensation can 
serve as the basis for developing small-scale desalination 
technology based on solar panels. 

In a social context, the presence of solar panel-based 
seawater purification technology also has a significant 
impact. In addition to providing clean water, this device 
serves as a learning tool for the community, helping 
them understand the relationship between science, 
technology, and daily life needs. The water purification 
process can introduce scientific concepts such as the 
water cycle, heat transfer, and renewable energy. Thus, 
this technology is not only a technical solution but also a 
contextual learning tool for coastal communities at large. 

To prove the effectiveness of this innovation, the 
study was conducted using Research and Development 
(R&D) methods. The research stages included needs 
identification, product design, prototype creation, 
limited trials, product revisions, and field testing. 
 

Analysis Stage 
The initial stage of the research was to identify the 

problems facing coastal communities. Observations 
showed that limited freshwater availability is a major 
issue affecting daily life. Abundant seawater cannot be 
directly utilized due to its high salinity, while freshwater 
sources are extremely limited. The coastal geography, 
with its high year-round sunlight intensity, presents a 
significant opportunity to utilize solar energy as a 
solution for seawater purification (Wigati et al., 2018). 

Appropriate learning media for demonstrating the 
application of abstract concepts are instructional props 
or experiments. With experimental media, students can 
more easily connect physics theory to real-world 
phenomena around them. Therefore, the development 
of a solar panel-based seawater purifier is not only 
relevant for supporting contextual physics learning but 
also provides insight into the use of renewable energy 
(Hadi et al., 2024). 
 
Product Design 

This solar panel-based seawater purifier is 
designed based on the principles of simplicity, 
efficiency, cost-effectiveness, and environmental 
friendliness. The system circuit is designed with coastal 
communities in mind, as well as ease of operation. The 
design utilizes abundant solar energy sources, combined 
with additional heating elements to accelerate the 
evaporation process. 

The seawater purifier is designed to consist of three 
main components: an evaporation tank, a current reader 
circuit, and an inverter. The evaporation tank is shaped 
like a triangular prism with a height of 27.5 cm, a length 
of 57 cm, and a width of 57 cm, with a 35° tilt angle and 
a glass thickness of 0.5 cm. The evaporation tank consists 
of two main parts: an upper frame and a lower frame. 

On the outermost part of the upper frame (the roof 
of the evaporation tank), a frame made of sol foam 
measuring 57 × 6 cm is installed. This sol foam frame 
serves to seal gaps where outside air may enter, ensuring 
that the evaporation tank only accommodates the hot air 
produced by the heating element, while the freshwater 
channel measures 57 × 6 cm. The design of the upper 
frame of the seawater purifier, measuring 57 × 57 cm, is 
shown in Figure 1. 

 

 
Figure 1. Design of solar panel seawater purifier 
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Figure 2. Evaporation tank design of solar panel seawater 

purifier (Ernidawati et al., 2021) 

 
To make the lower frame, 4 truss beams measuring 

57 x 4 cm, 2 key beams measuring 57 x 4 cm, and 1 
tension beam measuring 57 x 4 cm are required. The 
lower frame is also equipped with a measuring cup 
holder as a place to store fresh water, and a water hose 
that connects the water channel on the upper frame with 
the measuring cup, the lower frame design is as shown 
in Figure 2. 
 
Table 6. Arduino Nano Pin Configuration 
PIN Number Pin Name 

1 Digital Pin 1 (TX) 
2 Digital Pin 0 (RX) 
3 & 28 Reset 
4 & 29 GND 
5 Digital Pin 2 
6 Digital Pin 3 (PWM) 
7 Digital Pin 4 
8 Digital Pin 5 (PWM) 
9 Digital Pin 6 (PWM) 
10 Digital Pin 7 
11 Digital Pin 8 
12 Digital Pin 9 (PWM) 
13 Digital Pin 10 (PWM-SS) 
14 Digital Pin 11 (PWM-MOSI) 
15 Digital Pin 12 (MISO) 
16 Digital Pin 13 (SCK) 
18 AREF 
19 Analog Input 0 
20 Analog Input 1 
21 Analog Input 2 
22 Analog Input 3 
23 Analog Input 4 
24 Analog Input 5 
25 Analog Input 6 
26 Analog Input 7 
27 VCC 
30 Vin 

 
The current reader circuit is designed to read the 

current generated by the solar panel, where the circuit 
consists of an Arduino Nano, a current reader sensor, an 
LCD, and a Project Board. Each electronic component 
used in this system has a specific pin configuration that 

functions as a communication path and power supply. 
Arduino Nano, as the main microcontroller, is equipped 
with digital pins, analog pins, serial communication 
pins, and power supply pins that can be used to connect 
various external modules, the pin configuration can be 
seen in Table 6. 

The ACS712 current sensor also has a simple pin 
configuration consisting of power supply pins (VCC and 
GND) and an analog output pin that produces a voltage 
proportional to the measured current, while the current 
input lines (+ and –) are used to supply electrical loads 
as seen in Table 7. 
 
Table 7. Current Sensor Pin Configuration (ACS712) 
PIN Number Pin Name Function 

1 VCC +5 V supply voltage 
2 GND Ground 

3 OUT 
Analog output (voltage 
proportional to current) 

– IP+ Current input (+) – main load line 
– IP– Current input (–) – main load line 

 
Meanwhile, the 16×2 LCD module with the 

HD44780 driver has a more complex pin configuration, 
including power supply pins (VSS, VDD), contrast 
adjustment pins (V0), control pins (RS, R/W, E), and 
data pins (D0–D7) that can be used in 4-bit or 8-bit mode. 
In addition, there are also special pins to activate the 
backlight (LED+ and LED–) which can be seen in Table 
7. 
 
Table 8. 16 x 2 LCD Pin Configuration 
PIN Number Pin Name Function 

1 VSS Ground 
2 VDD +5 V 

3 V0 
Display contrast (via 

potentiometer) 

4 RS 
Register Select (0 = instruction, 1 

= data) 
5 R/W Read/Write (0 = Write, 1 = Read) 
6 E Enable 

7–14 D0–D7 
Data bus (8 bits, can be used in 4-

bit mode with D4–D7 only) 
15 LED+ Anode backlight (LED) 
16 LED– Cathode backlight (LED) 

 
By understanding the pin configuration of each 

component, the circuit design and programming process 
becomes more systematic and minimizes errors in 
installation and system operation. 

The inverter is designed to convert DC current into 
AC current, where the inverter circuit consists of various 
transistors, resistors, capacitors, diodes, and 
transformers. The tool frame is designed to be sturdy to 
withstand the load of solar panels and evaporation 
tanks. With this design, the tool is able to independently 
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produce fresh water suitable for consumption from 
seawater, with the main energy sourced from the sun. Its 
main advantages are energy efficiency, ease of 
maintenance, low cost, and environmental friendliness. 
This product is not only beneficial for coastal 
communities in meeting clean water needs, but can also 
be used as a contextual learning medium that integrates 
the concepts of renewable energy, the water cycle, and 
simple technological engineering. 
 
Product Manufacturing Stage 

In the product development stage, there are three 
main stages, namely: The first stage is the creation of the 
evaporation tank. This process begins with cutting 
acrylic sheets, then gluing them together using special 
adhesive to form a box that functions as a water 
container. On one side of the box, a hole is made for the 
heater. After that, another acrylic sheet is cut and 
arranged to resemble a roof to cover the water container, 
then neatly glued. On each side of the roof, a water flow 
path is formed using foam soles so that the water can 
flow in a directed manner. From the four corners of the 
roof, hoses are installed to channel the collected water to 
the next collection container (as seen in Figure 3). 

 

 
Figure 3. Evaporation tank of the solar panel seawater 

purifier 

 
The second stage is the assembly of the current 

reader circuit. First, the acrylic is cut again to form a box 
for housing the electronic components. The Arduino 
board and current reader sensor (ACS758) are prepared, 
then the connections are made: the Arduino 5V pin is 
connected to the VCC pin of the sensor and LCD, while 
the Arduino GND pin is connected to the GND pin of 
the sensor and LCD. The Out1 pin on the sensor is 
connected to the A0 pin of the Arduino, while the SDA 
and SCL pins on the LCD are connected to the A4 and 
A5 pins of the Arduino. After all the connections are 
completed, the Arduino is programmed to read the 
current from the solar panel and display the 
measurement results on the LCD. The finished circuit is 
then placed in the previously prepared acrylic box and 

securely fixed to ensure proper protection, as can be seen 
in Figure 4. 

 
Figure 4. Current reader circuit for seawater purifier with 

solar panel 
 

The third stage is the inverter assembly. First, six 
K3057 MOSFET transistors, a TL494 IC, six 100-ohm 
resistors, two 220-ohm resistors, one 2.2 kΩ resistor, one 
22 kΩ resistor, one 10 kΩ resistor, a 1 µF 63 V capacitor, 
a 470 µF 25 V capacitor, several 4007 diodes, and a PCB 
and transformer are prepared. The process begins by 
connecting the gate of each transistor through a 100-ohm 
resistor, then the source is connected in parallel, as is the 
drain. Two 220-ohm resistors are installed between the 
source and gate of two specific transistors. The TL494 IC 
circuit is then connected with various resistors, 
capacitors, and inter-pin connections according to the 
PWM control function. Next, a 470 µF capacitor and 
diodes are installed to support input stability, then the 
positive and negative input cables are prepared with 
alligator clips so they can be connected to the battery. 
The output of the IC is connected to the gate of the 
transistor, while the source of the transistor is connected 
to the negative input line of the IC. The transformer is 
installed with a 12 V line connected to the drain of the 
transistor, while the CT (center tap) is connected to the 
positive input of the IC. Finally, the 0 V and 220 V output 
cables from the transformer are connected to the power 
plug so that the inverter is ready to be used to generate 
AC current from the DC source of the battery, as seen in 
Figure 5. 

 

 
Figure 5. Solar panel seawater purifier inverter circuit 
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After the evaporation tank, Arduino circuit 

assembly, and inverter assembly have been completed, 
the process continues by integrating all components so 
that the system can function as a whole. The positive 
output cable from the solar panel is connected to the 
positive input of the ACS758 sensor on the Arduino 
circuit, while the negative input of the sensor is 
connected to the positive input of the SCC on the solar 
panel. The negative output of the solar panel is 
connected to the negative input of the SCC, then the 
Arduino ground is connected to the negative output 
cable of the panel. Next, the battery is connected to the 
SCC via a dedicated battery pin, and the Arduino circuit 
is powered using a 5 V adapter. The inverter is then 
connected to the battery, and the heating element cable 
is plugged into the dimmer that has been connected to 
the inverter, as seen in Figure 6. 

 

 
Figure 6. Solar panel seawater purifier 

 
The main components of this solar-powered 

seawater purifier include a solar panel, a current sensor 
circuit, a solar charge controller, a power storage battery, 
an inverter, a DC dimmer, an evaporation tank, a clear 
pipe, and a freshwater reservoir. The solar panel 
captures solar energy, which is then stored in the 
battery. This energy is then channeled through the 
inverter to power the heating element. 

The seawater purification process begins with 
seawater being poured into a seawater reservoir for 
evaporation. Inside the evaporation tank, the water is 

heated by two energy sources. First, direct solar heat 
helps raise the water temperature. Second, additional 
heat is obtained from an electric heating element. This 
heating element is powered by a solar panel system 
installed to absorb solar energy. The solar panel converts 
solar energy into electrical energy. The resulting 
electrical current is measured by a current sensor circuit, 
while the voltage is monitored by a solar charge 
controller. The collected electricity is then stored in a 
battery for continuous use. From the battery, the current 
flows to an inverter, which converts direct current (DC) 
to alternating current (AC) to power the heating 
element. 

The heat from the heating element causes the 
seawater in the evaporation tank to evaporate. The salt 
and impurities in the seawater remain at the bottom of 
the tank, while the resulting water vapor is directed 
through a pipe to a freshwater reservoir. In this 
reservoir, the vapor condenses, turning into clean, 
usable water. 
 
Analysis of Empirical Test Results Data 

Empirical testing of freshwater quality values was 
obtained by comparing water consumption standards 
with the results of the developed tool. According to the 
Regulation of the Minister of Health of the Republic of 
Indonesia Number 2 of 2023 concerning Drinking Water 
Quality Requirements, Article 1 states that drinking 
water is water that has undergone a processing process 
or no processing process that meets health requirements 
and can be consumed directly. Clean water is water used 
for daily needs whose quality meets health requirements 
and can be consumed after being boiled (Kementerian 
Kesehatan, 2023). 

Clean water quality requirements include physical, 
chemical, and bacteriological requirements. Physically, 
clean water must be clear, odorless, and tasteless, while 
chemically, it must be free of toxic substances that could 
harm health. This test essentially measures the precision 
and accuracy of the measurement results from the 
developed device in meeting water consumption 
standards. Measurements using the seawater purifier 
are shown in Table 9. 

 
Table 9. Empirical Data on Fresh Water Produced 

Time 
Sunlight 
intensity 

(Cd) 

Ambient 
humidity 

(%) 

Ambient 
Temperature 

(°C) 

Time 
(Seconds) 

Current (A) 
solar panel 

to battery 

Voltage (V) 
of solar panel 

to battery 

Input 
Power 

(Watts) 

Energy 
(Joule) 

Volume of fresh 
water produced 

(ml) 

08.00 885000 33 25 1800 2.4 13 31.2 56160 0 

08.30 250000 27 25 3600 1.35 11.1 14.99 53946 0 

09.00 886000 25 26 5400 2.14 12.3 26.32 142138.8 7 

09.30 1034000 21 26 7200 3.95 12.8 50.56 364032 13 

10.00 1058000 20 28 9000 5.03 12.9 64.89 583983 25 

10.30 1275000 19 28 10800 6.37 12.2 77.71 839311.2 37 

11.00 1059000 18 29 12600 5.09 12.9 65.66 827328.6 48 



Jurnal Penelitian Pendidikan IPA (JPPIPA) November 2025, Volume 11, Issue 11, 1006-1020  
 

1014 

Time 
Sunlight 
intensity 

(Cd) 

Ambient 
humidity 

(%) 

Ambient 
Temperature 

(°C) 

Time 
(Seconds) 

Current (A) 
solar panel 

to battery 

Voltage (V) 
of solar panel 

to battery 

Input 
Power 

(Watts) 

Energy 
(Joule) 

Volume of fresh 
water produced 

(ml) 

11.30 1050000 20 29 14400 5.03 11.4 57.34 825724.8 54 

12.00 1025000 22 31 16200 3.05 10.5 32.03 518805 57 

12.30 885000 25 31 18000 2.48 10.6 26.29 473184 61 

13.00 1025000 23 32 19800 3.03 10.06 1.275 25247.48 63 

13.30 889000 24 32 21600 2.82 10.6 29.89 645667.2 65 

14.00 789000 23 31 32400 2.35 10.6 24.91 807084 68 

14.30 573000 29 31 25200 2.33 10.5 24.47 616518 69 

15.00 205000 35 31 27000 2.07 10.4 21.53 581256 70 

15.30 3100 40 31 28800 0.41 10.4 4.264 122803.2 73 

 
A comparison of the quality of seawater used for 

the experiment and freshwater produced after using a 
seawater purifier with water consumption standards as 
stipulated in (Kementerian Kesehatan, 2023) an be seen 
in Table 10. 

The results demonstrated consistent performance, 
with the device still producing good-quality fresh water 
despite varying production volumes depending on 
sunlight intensity. While cloudy conditions did reduce 
production, the purified water remained potable. This 
demonstrates the system's resilience to climate 
variability in coastal areas. 

Sunlight intensity plays a significant role in the 
success of the distillation process. Between 1:00 PM and 
1:30 PM, with a light intensity of 889,000-1,025,000 lux 
and an air temperature of 32°C, water production 
reaches its optimal level. This demonstrates that the 
timing of operations and the location of the equipment 
are crucial for success. The use of solar panels as an 
energy source also emphasizes the importance of 
harnessing the abundant natural energy potential in 
tropical regions like Indonesia. 

 
Table 10. Quality Data of Seawater Used and Freshwater Produced 
Parameter Sea Water (Test) Fresh Water (Purified Result) Drinking Water Consumption Standards 

pH 6.86 6.83 6.5 – 8.5 
TDS 1364 ppm 124 ppm 50 – 300 ppm 
Salinity 0.88% 0.01% < 0.5 % 
Temperature 40.4 ℃ 31.4 ℃ 10 – 25 ℃ 
Specific Gravity (SG) 1 1 ≤ 2.5 
ORP 1999 mV 224 mV 200 – 600 mV 
EC 1778 µS/cm 0 µS/cm ≤ 2000 µS/cm (≈ 200 mS/m) 
Water Color Colored Colorless Colorless 
Smell Odorless Odorless Odorless 

Water quality tests showed a pH of 6.83, TDS of 124 
ppm, in accordance with WHO standards (TDS < 500 
ppm), Salinity of 0.01%, Specific Gravity (SG) of 1.00, 
ORP of 224 mV, and EC of 0 µS/cm. This means that 
even though the production volume varies between 
models, water quality remains maintained. This quality 
reliability is crucial in ensuring widespread use of this 
technology in coastal communities (Ernidawati et al., 
2021). 

Validation Results of Seawater Purifier Device 
The designed seawater purifier was tested and its 

functionality was measured using a validation 
instrument. The tool was validated by experts to ensure 
it was error-free and suitable for use as a learning tool. 
Validation was conducted by three experts with doctoral 
degrees in educational sciences. The validation results 
from the three validators are shown in Table 11. 

 
Table 11. Validation Results of Solar Panel Seawater Purifier 
Validator Tool Functionality Learning Elements Convenience Aesthetics and Construction Job Security Average  

1 3.5 3.5 3.5 3.67 3.5 3.534 
2 3.75 3.83 4 4 4 3.916 
3 3.5 4 3.5 3.67 4 3.734 
Average  3.58 3.77 3.67 3.78 3.83 3.728 

 
Based on the validation results conducted by three 

validators on the solar panel–based seawater purifier 
learning media, the results showed that each assessment 
aspect demonstrated a high to very high level of validity. 
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In terms of tool functionality, the assessment results 
were in the high category. This media was deemed 
capable of producing fresh water from seawater through 
a solar distillation process, the solar panels used were 
able to absorb solar energy effectively, and the tool could 
demonstrate the conversion of solar energy into heat 
energy effectively. In addition, the tool had good 
precision in reading measurement results. These results 
indicate that the tool has functioned according to its 
development objectives, although it still needs 
improvement in the efficiency of the distillation process 
to produce clearer water and in the positioning of the 
solar panels for maximum energy absorption. 

In terms of learning elements, the validation results 
showed a very high rating. This learning media can 
apply renewable energy concepts, is effective for use in 
high school physics lessons, integrates physics 
phenomena with everyday life, and trains students’ 
scientific thinking skills. This demonstrates that the tool 
significantly supports physics learning activities 
because it connects theory with practice, while 
simultaneously fostering students’ critical and analytical 
thinking skills through experiments and direct 
observation. 

The ease-of-use aspect received a high rating. This 
learning tool was deemed easy to prepare before use, 
easy to operate, and easy to transport from one location 
to another. These results indicate that the tool is 
relatively practical for both teachers and students, 
although improvements are needed in the assembly 
guide and component labeling to make use and storage 
more efficient. 

The aesthetic and construction aspects are classified 
as very high. The learning media has an attractive shape, 
with a well-organized and neat structure. These results 

indicate that the tool has an appealing and well-
proportioned appearance, giving a professional 
impression when used. However, improvements are still 
needed in the finishing and component arrangement to 
enhance the visual appeal and structural sturdiness of 
the tool for greater durability during repeated use in 
learning activities. 

The safety aspect is also rated very high. The 
learning media is considered safe for use in physics 
learning activities, both in the classroom, in the 
laboratory, and in the field. The solar panel components 
and heating system have been installed properly and 
pose minimal risk to users. However, the validator 
recommends adding protective shields to hot areas and 
ensuring that all cables and electrical connections are 
properly protected to enhance safety during use. 

Overall, the validation results indicate that the solar 
panel–based seawater purifier learning media has a very 
high level of validity and is highly suitable for use in 
physics lessons. This media not only supports students’ 
understanding of renewable energy concepts and 
energy conversion processes, but also serves as an 
innovative tool for fostering scientific thinking skills and 
awareness of environmentally friendly energy use in 
coastal areas. 
 
Practical Results of Solar Panel Seawater Purifier 

The practicality of this seawater purifier was also 
measured using a questionnaire. The practicality test 
was conducted to determine the device’s ease of use, 
attractiveness, and usefulness as a learning tool. This 
practicality instrument was administered to 29 students 
and two teachers directly involved in the trial. The 
results of the teacher practicality test are shown in Table 
12. 

 
Table 12. Practical Results of Teachers' Solar Panel Seawater Purifier 
Teacher Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Average  

1 4 3 4 4 4 4 4 3.86 
2 4 3 4 4 4 4 4 3.86 
Average 4.00 3.00 4.00 4.00 4.00 4.00 4.00 3.86 
Practicality 
Category 

Very 
Practical 

Very 
Practical 

Very 
Practical 

Very 
Practical 

Very 
Practical 

Very 
Practical 

Very 
Practical 

Very 
Practical 

 
Based on the practicality assessment conducted by 

teachers, the first item indicates that the solar panel–
based seawater purifier learning media is easy to use 
and understand, with a rating of very practical. This 
indicates that the solar panel seawater purifier is easy to 
operate and comprehend for teachers. The instructions 
are clear, the device design is simple, and its components 
are easily recognizable, allowing teachers to use it 
without requiring special training. This ease of use 
supports the effectiveness of learning activities both in 
the classroom and outdoors. 

The second item regarding the time required to 
operate the device qualifies as practical. This means that 
the time required to set up, operate, and complete the 
experiment is still within the allocated classroom 
learning time. However, minor adjustments to improve 
time efficiency, such as simplifying the heating or 
seawater filling steps, could be made to optimize the 
device’s use within a single class hour. 

In the third item, the assessment results indicated a 
very practical category, meaning that the solar panel–
based seawater purifier learning tool is safe to use and 
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poses no danger to students. The tool is considered safe 
because it contains no hazardous chemicals, and all 
electrical components are well protected. The heating 
system and solar panel are also low-power, so they pose 
no risk of fire or electric shock. This high level of safety 
makes the tool suitable for student use in practical 
activities. 

The fourth item shows that the solar panel–based 
seawater purifier learning media helped improve 
students’ understanding of the desalination process and 
solar energy utilization, with a very practical rating. 
Teachers assessed this tool as effective in explaining 
physics concepts such as solar energy conversion into 
heat energy and the seawater desalination process. 
Through direct observation, students were able to 
understand how renewable energy is used to produce 
fresh water. 

Furthermore, the fifth item shows that the solar 
panel–based seawater purifier learning tool can increase 
students’ motivation in learning physics, categorized as 
very practical. Experimental activities using this tool 
foster students’ curiosity about the application of 
physics in real-life contexts. Learning becomes more 
engaging because students can participate actively, 
thereby increasing their enthusiasm for learning. 

In the sixth item, the assessment results also 
indicated a very practical category, namely that the solar 
panel–based seawater purifier learning media helped 
students develop practical skills and critical thinking 
abilities. Teachers assessed that practical activities using 
this tool encouraged students to make observations, 
analyze data, and draw scientific conclusions. Thus, this 
tool contributed to improving students’ critical thinking 
skills and scientific competence. 

The seventh item indicates that students gained 
real-world experience in learning about energy sources, 
categorized as very practical. Through the use of this 
tool, students gained firsthand experience in utilizing 
solar energy as a renewable energy source. This 
experience made learning more contextual and 
meaningful, as students could see the real application of 
energy concepts in everyday life. 

Based on the results of the student practicality 
assessment, the overall findings are consistent with the 
teachers’ assessment results for each instrument item. 
For the first item, students gave an average score of 3.45, 
indicating that the solar panel–based seawater purifier is 
easy to use and understand. Students assessed the 
device’s simple design, easily recognizable components, 
and clear instructions. This allowed them to operate the 
device without intensive guidance, resulting in an 
effective and enjoyable practicum. 

The second item received an average score of 3.00, 
which falls into the practical category. This score 
indicates that the time required to set up and operate the 

equipment is still relatively efficient, but students felt 
that certain steps—such as seawater filling or heating—
needed to be simplified so that the practical activity 
could be completed more efficiently within one class 
hour. 

The third item received an average score of 3.62, 
categorized as very practical. Students considered the 
tool safe to use because all electrical components were 
well protected and did not pose hazards such as electric 
shock or overheating. This high level of safety provided 
students with a sense of comfort during the experiment. 

The fourth item received an average score of 3.66, 
categorized as very practical. Students found this tool 
highly helpful in understanding the concepts of 
desalination and solar energy conversion into heat. 
Through direct observation of the seawater purification 
process, students were able to connect physics theory 
with real-life applications. 

The fifth item received an average score of 3.72, 
categorized as very practical. These results indicate that 
the use of a solar panel–based seawater purifier can 
increase students’ learning motivation. The 
experimental activities stimulated their curiosity and 
enthusiasm in learning about the application of 
renewable energy in physics. 

The sixth item received an average score of 3.76, one 
of the highest scores in the student assessment. This item 
indicates that the tool was highly effective in helping 
students develop practical skills, data analysis abilities, 
and critical thinking during the experiment. Students 
were encouraged to observe, record data, and draw 
scientific conclusions independently. 

The seventh item also received an average score of 
3.76, equal to the sixth item. This score indicates that 
students gained a meaningful real-world learning 
experience in understanding the concept of energy 
sources. Through practical activities, they were able to 
observe firsthand how solar energy is used to produce 
fresh water from seawater, making learning more 
contextual and applicable. 

The primary social benefit of the design, assembly, 
and testing process is that students understand how 
simple technology can address real-world problems in 
their environment. This provides firsthand experience 
that technology can be continuously developed and 
improved within local contexts, and that its application 
is highly practical. The resulting fresh water can be used 
for daily needs, including drinking, cooking, and basic 
hygiene. The availability of clean water encourages the 
independence of coastal communities in meeting their 
needs without relying on external supplies, which are 
often expensive and limited. This simple technology can 
also be operated independently, thereby increasing 
community empowerment (Madhuri et al., 2025). 
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The resulting environmental impact is positive 
because this system utilizes solar energy entirely. It 
eliminates dependence on fossil-based energy sources, 
thereby reducing carbon emissions (Alsakkaf et al., 
2022). The implementation of this technology aligns with 
global efforts to transition to environmentally friendly 
energy sources. Its application in coastal areas is not only 
a technical solution but also a strategic step in 
supporting the sustainable development agenda  
(Widjonarko et al., 2023). 

From an economic perspective, this device is more 
cost-effective than conventional desalination 
technologies such as reverse osmosis (Hamdan et al., 
2021). The materials used are readily available locally, 
simplifying maintenance and spare part replacement 
(Kaya et al., 2019). This cost-effectiveness makes the 
device more feasible for implementation in low-income 
communities. This solution presents a realistic, 
affordable, and sustainable innovation (Saeed AL-
Ghamdi et al., 2022). 

Research by Natawisastra et al. (2022) 
demonstrated the effectiveness of adding a simple 
heater to a solar water distiller in increasing the 
evaporation rate by more than 300% under optimal 
conditions. The results of this study are consistent with 
those findings, where increasing the number of heating 
elements significantly increased freshwater production 
volume. This similarity strengthens the scientific basis 
that simple modifications can improve the efficiency of 
solar-based technologies. 

Research by Iswadi (2016) on a water pyramid 
system with a greenhouse effect demonstrated that 
utilizing pure solar energy can produce potable water 
that meets health standards. Their design demonstrated 
that simple distillation principles can address clean 
water needs in coastal areas. This research is relevant 
because it emphasizes the importance of a simple, 
locally-based approach. 

Study of Sugawara et al. (2014) developed a water 
and salt separator utilizing solar panels, producing fresh 
water and salt as a byproduct. This research confirms 
that seawater purification not only provides benefits for 
basic needs but also opens economic opportunities for 
coastal communities. Integrating this research with the 
innovation of solar panel-based water purifiers 
illustrates the potential for product diversification. 

Research by Gaib et al. (2023) also demonstrated the 
effectiveness of solar-powered seawater distillation in 
producing good-quality freshwater, despite relatively 
limited production volumes. Their results underscore 
the importance of a design tailored to local conditions to 
maximize production. The relevance of this research 
reinforces that simple solar-powered solutions remain a 
viable solution to the clean water crisis. 

The development of solar panel-based seawater 
purification technology faces technical challenges, one of 
which is decreased panel efficiency due to high 
temperatures. Research by Kalandro et al. (2025) on solar 
panel cooling systems showed an efficiency increase of 
up to 3% by setting the panel temperature between 33–
36 °C. Integrating cooling systems with water 
purification technology has the potential to increase 
productivity and device stability in the future. 
 

Conclusion 
 
Based on the research results, the solar panel–based 

seawater purifier that has been designed, validated, and 
tested shows good performance and is suitable for use 
as a learning medium. The validation results from three 
experts with doctoral qualifications in science education 
yielded an average score of 3.728, categorized as very 
valid, indicating that the tool meets the aspects of 
functionality, learning elements, ease of use, aesthetics, 
construction, and operational safety. The practicality test 
involving 29 students and two teachers resulted in an 
average score of 3.60 from students and 3.86 from 
teachers, both categorized as very practical. This 
indicates that the tool is easy to use, attractive, and 
effective in supporting physics learning, particularly in 
renewable energy topics. In addition, field test results 
showed that the tool is capable of producing fresh water 
of good quality in accordance with WHO standards, 
although production volume is influenced by sunlight 
intensity and heating element configuration. Therefore, 
this solar panel–based seawater purifier is declared 
valid, practical, and highly potential for use both as a 
learning medium and as a solution to clean water needs 
in coastal communities. 
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