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ABSTRACT 

The need for electrical energy during coastal activities is increasing alongside the 

use of portable electronic devices; however, limited access to conventional power 

grids remains a major challenge. This limited access to conventional power grids 

remains a major challenge. Therefore, this study aims to design and analyse the 

performance of renewable energy in the form of portable solar power plants (PLTS) 

as an alternative source to support coastal activities. The designed system consists 

of a solar panel with a total capacity of 200 Wp, which can produce 160 W, a 

lithium battery with a capacity of 12 V 60 Ah, and an inverter as a DC-to-AC 

converter. The experimental methods used include the design stage, device 

assembly, and performance testing and analysis. Data collection was conducted at 

Ancol Beach over a 10-hour test period. The results show that a portable solar 

power plant can produce electrical energy with a load of 64W, which can produce 

solar radiation of an average of 560 W/m², with energy produced at 160 Watts and 

a voltage at maximum power (Vmp) = 18.80 V, enough to meet the need to charge 

electronic devices during activities on the beach for 10 hours. Thus, the designed 

portable solar power plant can be used as a practical, environmentally friendly, 

and suitable electrical energy supply solution for coastal areas. 

 

Keyword: coastal areas; portable electronic devices; PLTS; sunlight intensity; 

environmentally friendly 

  

INTRODUCTION 

Coasts are areas that must be 

protected for their natural beauty by 

maintaining the pattern of the 

coastline (Saputro et al., 2025). 

Currently, many people are managing 

coastal areas by creating tourist 

attractions on the coast or building in 

the middle of the sea (Rieder et al., 

2025). 

When we travel to the coastal 

area, we often find tourists who have 

difficulty getting electricity to just 

meet the needs of mobile phone 

charging (Sinaga, 2025). 

Thus, the best solution is needed 

to overcome the problem, and based 

on the condition of the coastal 

environment that always gets sunlight 

(Pongoh et al., 2023). The electricity 

source derived from solar panels is 

the best alternative solution to meet 

the needs of electrical energy in the 

coastal area (Nugroho et al., 2024). 

One of the limitations of solar 

panels is that they do not depend on 

conventional electricity, relying on 

the sun to be able to source electricity 

(Gunawan et al., 2021). 

The use of portable solar panels 

as a small power plant that can 
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convert solar energy into electrical 

energy, then store it in batteries. This 

allows it to use stored energy to meet 

the electrical needs of various 

electronic devices (Jackery, 2023). 

 Previous research has shown that 

solar power plants can produce 

voltage and current from solar panels. 

However, the flexibility still needs to 

be improved because it is still in the 

form of a fixed installation and is not 

yet a portable type of system (Putra, 

2025). 

Thus, research on the application 

of portable solar power plants on the 

coast is very important as a form of 

exploration of lightweight, easy-to-

use, and efficient energy solutions 

(Terpadu, 2017). 

 It is hoped that the development of 

solar panels specifically designed for 

users can provide many benefits in 

supporting activities on the beach 

that are safer and more 

environmentally friendly (Fauzi et 

al., 2024). 

 

MATERIALS AND METHOD 
 

Material  

In conducting this research, several 

stages are carried out so that they can 

be completed immediately. Figure 1 

shows the stages in detail.   

The following are some of the 

components, materials, and 

equipment needed to conduct the 

research. 

 

 

 
Figure 1. Research Stages. 

 

Table 1. Tools and Materials 

No 
Compone

nts 

Specificati

on 
Qty 

1 
Solar 

Panels 

Thin Film 

Solar 50 

wp 

4 

Un 

2 
Charge 

Controller 

MPPT 20 

A 12V 

USB 

QC3.0 

1 

Un 

3 
Sel 

LiFePO4 

12 Volt 60 

Ah 

1 

Un 

Ya 

Data retrieval 

Data analysis 

Report Writing 

Stop 
 

Tool Design 

Tool Testing 

Testing 

Status? 

No 

Studi literature  

Started 

Design stage 
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4 Inverter 

Pure 

SineWave 

300W 12 

volts 

1 

Un 

5 LED DC 9 Watt 
1 

Un 

6 
Cabel 

MC4 + DC 

MC4 Male-

Female 

Cable 2-

4mm2 

1 

Set 

7 Box Toll Box 
1 

Un 

8 
Voltmeter 

Digital 

12V Digital 

Panel 

1 

Un 

 

In coastal areas of Indonesia, 

solar panels can receive peak sunlight 

for about 5 hours per day. However, 

the electrical energy in the battery is 

not 100% usable, and broadcasting is 

effective for 5 hours/per day; the 

battery efficiency is 80%, so it can 

calculate the capacity of the solar 

panel used (Fauzi et al., 2024). 

 

𝐸 = 𝑉 × 𝐴ℎ 
(1) 

 

𝐸 = 12 × 60 = 720𝑊ℎ 

 

𝐸𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 = 720 𝑊ℎ × 80°
= 576 𝑊ℎ 

 

𝐸𝐾𝑒𝑏𝑢𝑡𝑢ℎ𝑎𝑛 =
720

0.8
= 900 𝑊ℎ 

 

𝑃 =
𝐸

𝑡 𝑚𝑎𝑡𝑎ℎ𝑎𝑟𝑖
 (2) 

 

𝑃 =
900

5
= 180 𝑊𝑝 

 

Because there are no 180 Wp 

panels, you can use 100 Wp panels for 

a total of 200 Wp. Specifications that 

will be used for solar panels: 

 

 
Figure 2. Solar panels. 

 

Table 2. Specification of solar panel. 

Specifications Value 

Model MS50M-36 

Tolerance 50W 

Volt at Pmax 

(Vmp) 
18.80V  

Current at Pmax 

(Imp) 
2.66A 

Open Circuit 

Voltage (Voc) 
22.90V 

Short Circuit 

Current (Isc) 
2.88A 

Normal Operating 

Cell Temp 

(NOCT) 

47±2°C 

Maximum System 

Voltage 
1500v DC 

Maximum Series 

Fuse Rating 
10A 

Operating 

Temperature 
-40+85°C 

Demension 
610x580x35

mm 

 

To determine the charging 

current needed, namely the Solar 

Charge Controller (SCC), for safety, 

we give a margin of about 25-30% of 

the current, so it can be used as 

follows: 

 

𝑃𝑏𝑎𝑡𝑡 =
𝑃𝑝𝑎𝑛𝑒𝑙

𝑉𝑏𝑎𝑡𝑡
 (3) 

 

𝑃𝑏𝑎𝑡𝑡 =
200 W

12 V 
= 16.6𝐴 
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SCC to use is 16.6𝐴 ×  1.25 =
 20.75 𝐴. So, what we use is 20.75 A, 

but it is rounded to 20 A. 

 
Figure 3. Solar charge controller. 

 

Table 3. Specification of solar charge 

controller (SCC) 

Specifications Value 

Normal Voltage 12V/24V 

Nominal Current  20 A 

Maximum PV 50 V 

Output Voltage 12 V 

 

In addition to solar panels, this 

tool also requires battery components 

to store electrical energy. The 

battery's electrical energy is not 100% 

usable. Broadcasting is effective for 5 

hours/per day, and the battery 

efficiency is 80% (576 Wh). The 

battery that we will use has a large 

capacity, so to find out how fast it will 

fill up with 200 Wp, the calculation is: 

 

𝐽 (𝑊ℎ) = 𝑉 × 𝐴ℎ   (4) 

 

If you use a 12 V 60 Ah battery 

capacity, then: 

12𝑉 × 60𝐴ℎ                  (5) 

Available Energy  

           720 𝑊ℎ × 80° = 576 𝑊ℎ (6) 

To find out the calculation of 

how long the battery will charge with 

a load of 60 Watts, the calculation is 

as follows: 

 

Effective Power = 200 Wp x 80% = 

160 Watts  

       Ah = 
720 𝑊ℎ

160 𝑊
 = 4,5 Jam     (7) 

For  the connected use of solar panels  

4 Hp x 15 W = 60 W                    (8) 

          ABattery = 
60 𝑊

0.8
 = 75 W     (9) 

Solar panel connected charging 

duration 

       
576 𝑊ℎ

75 𝑊
 = 8.16 Jam       (10) 

For use without solar panels  

I also added the load of the 9 W DC 

lamp because night needs are very 

suitable if there are activities at night.  

Duration without solar panels  

    
576 𝑊ℎ

79,6𝑊 
  = 7.24 Jam           (11) 

For an effective power of 160 watts 

and a charging time of 4.5 hours, 

with a load size of 75 watts, and a 

charging time when there is a load of 

8.16 hours. 

 
Figure 4. Lithium Battery 12V 60Ah. 

 

Table 4. Lithium Battery 12V 60A 

Specifications Value 

Battery Type Baterai Lithium 

Rechargeable 

Battery Type 
Li-Ion 

Battery Capacity 60 Ah 

Voltage 12 Volt 

 

You need not only batteries, but 

also inverter components that convert 

DC current to AC current, so you can 

determine the inverter's capacity 
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needs. Then you can do the following 

calculations:  

The load is a 4 HP phone charger 

with a charging power of 1 HP 15 

watts. The mobile phone charging 

power is 60 W, so the inverter power 

is 75 W. The inverter will be used at 

100 watts for power security, with an 

additional 25% margin (1.25). 

Specification of the Inverter to be 

used: 

 
Figure 5. Inverter. 

 

Table 5. Inverter specification. 

Specifications Value 

Inlet Voltage  12 Volt 

Outlet Voltage  220 Volt 

Output 

Frequency 
50Hz 

Maximum 

Conversion 

Efficiency 

90% 

 

Method 

Testing of solar power generation 

systems is carried out using test 

equipment specific to the quantities 

being measured, as shown in this 

method, which is in line with research 

conducted on the PLTS system in the 

coastal area of Ancol Beach, which 

uses the design, installation, and 

performance testing stages directly to 

obtain data on voltage, power, and 

duration of energy supply (Dallaev et 

al., 2023). In addition, experimental 

and direct measurement approaches 

are also used in research on renewable 

energy systems in coastal areas, 

which combine field test data with 

system performance analysis to 

determine the efficiency of the energy 

produced (Di et al., 2025). Measuring 

parameters such as solar radiation 

intensity and coastal environmental 

conditions is also important because 

these factors greatly affect the 

performance of solar power plants, as 

shown in comparative research on 

energy performance in coastal areas 

using direct measurement methods 

for solar radiation and environmental 

conditions (System et al., 2024).  

 

Table 6. Testing measuring tools. 

Parameter  
Measuring 

Instruments 

Solar Radiation Lux Meter 

Temperature Thermometer 

Voltage Avometer 

Current Amper Meter 

 

RESULT AND DISCUSSION 

The assembly of 200 Wp solar panels 

as a Portable Solar Power Plant has 

shown excellent performance after a 

series of comprehensive experiments 

on all components, providing 

convenient phone charging without 

the need for PLN electrical wiring. 
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System Creation 

 
Figure 6. The results of the 

construction of the solar PV system. 

 

This main component consists of 

a Solar Panel, SCC (Solar Charge 

Controller), Battery, Inverter, and 

socket. The SCC (Solar Charge 

Controller) regulates the supply and 

disconnects the electricity from the 

solar panel when the battery is full, 

allowing the battery to store current 

from the solar panel and the inverter 

to convert DC to AC. The inverter 

converts DC to AC and provides an 

outlet to distribute electricity. 

 

System Testing 

This test must be carried out to 

determine whether the installation 

complies with the plan. In this 

measurement, several measurements 

will be carried out, namely testing the 

intensity of sunlight, and also testing 

temperature, current, and voltage. 

We carried out solar radiation 

intensity testing from 09.00 to 18.00 

at a solar radiation intensity of 560 

W/m². 

 

Figure 7. Sunlight intensity testing. 

 

Sunlight intensity was measured 

in stages over 1 month, as shown in 

Figure 8. 

 
Figure 8. Graph of light and radiation 

intensity. 

 

Converting sunlight intensity to 

solar radiation intensity showed that 

all tests averaged 560 W/m². The 

output voltage of a solar panel is 

measured during solar charging. 

For temperature measurement, 

the aim is to ensure operational 

efficiency and also to extend the 

service life of the solar panel system 

by using a thermometer. This tool 

measures the system temperature, as 

shown in Figure 8. 

 
Figure 8. Temperature measurement 

 

The temperature measurements 

were carried out in stages over 1 

month, as shown in the graph in 

Figure 9. 
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Figure 9. Graphic temperature 

 

Over the measurement period, 

the average solar panel temperature 

was 30 °C. 

For the no-load solar panel 

battery charging test, it is important to 

determine whether the solar panel 

battery charging matches the design 

based on measurements taken over a 

month. To determine this, see the 

graph in Figure 10. 

 
Figure 10. Load-free solar panel 

battery charging test. 

Load-free solar panel battery 

charging tests show 1-month 

measurements, with an average 

highest peak VOC of 22.95 volts and 

a lowest of 22.5 volts.  

Measuring solar panel battery 

charging with a load is also important 

to determine whether it is in 

accordance. 

 
Figure 11. Charging a solar panel 

battery using a load. 

The design was not met during 

the 1-month measurement period, as 

shown in the graph in Figure 11. 

 
Figure 11. Charging solar panel 

battery using load. 

Testing solar panel battery 

charging with a load provides 1 

month of measurements that meet the 

specification requiring an average 

Vmp of at least 15 V. 

The 1-month results show that 

the highest peak Vmp was 18.1 V, 

produced at the highest point in 

sunlight, and the lowest was 17 V, 

produced at low sunlight. Table 7 

shows the solar panel battery tested 

with a load for 1 day without solar 

panel assistance.  
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Table 7. Testing the battery using a 

load. 

Tim

e 

Used 

Energ

y 

(Wh) 

Energy 

Residu

e (Wh) 

Batter

y (%) 

09.0

0 
60 651 90 

10.0

0 
138 582 81 

11.0

0 
207 513 71 

12.0

0 
276 444 62 

13.0

0 
345 375 52 

14.0

0 
414 306 43 

15.0

0 
483 237 33 

16.0

0 
552 168 23 

17.0

0 
621 99 14 

18.0

0 
690 30 4 

 

CONCLUSION 

The research results show that a 200 

Wp portable solar PV system can 

generate an effective power of 

approximately 160 W, assuming a 

system efficiency of 80%. Charging a 

12 V 60 Ah battery is estimated at 

about 4.5 hours under optimal solar 

intensity, while the system can supply 

about 64 W to charge electronic 

devices for about 10 hours. 

These results align with research 

by Gunawan et al. (2021), which 

shows that portable solar PV systems 

are effective as independent energy 

sources for low-power electronic 

devices. Similarly, Fauzi et al. (2024) 

indicate that a portable solar PV 

system with a capacity of 

approximately 200 Wp can meet 

electricity needs in locations off the 

PLN grid, operating for several hours 

depending on battery capacity and 

lighting conditions. 

Furthermore, research by Dallaev 

et al. (2023) explains that flexible 

solar panel performance is influenced 

by solar radiation intensity and 

ambient temperature. This aligns with 

this study's results, which found that 

solar panel output increases when 

solar radiation intensity reaches its 

highest value, resulting in faster 

battery charging. 

Overall, the results confirm that a 

200 Wp solar panel combined with a 

12 V 60 Ah battery is an adequate 

configuration for portable solar power 

plants (PLTS) in coastal areas. The 

system is capable of providing 

sufficient electrical energy for 

charging electronic devices while 

maintaining efficiency and ease of 

mobility, achieving comparable 

performance to previous studies 
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