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Abstract
Electrical energy is the main energy for humans. Electrical energy has a very important role in the development of
modern technology in all sectors of households and industry. Electrical energy must be sustainable for human
survival. Therefore, the problem of saving electrical power needs to be raised in research. This study aims to design a

solar panel-based power bank to meet household electricity needs such as fans. This is done to reduce the use of
electricity costs sourced from PLN. The study's results showed that by using 1 sheet of GH Solar 50 Wp solar panel, 4
units of LI-PO 12 Volt 22 AH batteries using a series circuit and an inverter. Each installed component meets the
specifications so that this PLTS system can turn on 1 fan unit with a load power of 42.0 Watts. Furthermore, for
charging HP of 8 watts and Laptop of 40.3 watts for 2 hours 45 minutes for 1 day.
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Introduction

Along with the development of technology, it has had an impact on human life in various fields, one of which is in the
field of engineering, namely the use of electrical energy (Okay et al.,, 2022). There are many impacts given by the
development of electricity at this time, where in the past people used petromax lamps for lighting, while now society as a
whole has used lighting through electrical energy sourced from PLN (Sholeha et al., 2022). Electrical power is the most
important power for humans. With the development of technology, electrical power has become a power that is greatly
needed by society (Bhushan et al., 2022; Yuan et al., 2020). Almost all gadgets that help humans require the use of electricity.
Electrical power can be converted into various other forms of energy such as electrical energy can be converted into optical
energy (light), electrical energy can be converted into heat energy, and electrical energy can be converted into dynamic
energy such as in electric fans (Zambak et al., 2022). The development of renewable energy resources originating from
nature is increasingly being used by the government. Eight renewable energies have been utilized by the government,
namely fuel, biomass, geothermal, water, wind, sun, ocean waves, and tides (Napitupulu et al., 2023). As the years go by,
the use of electrical energy will increase due to the large number of industrial project developments, daily human needs,
and others. To avoid this from happening, it is necessary to develop an energy utilization program, namely by utilizing
energy sources from the sun (Kim et al., 2022). Many technologies are used to increase the absorption of sunlight energy,
namely by redesigning to obtain optimal power from solar panels with DC output voltage settings (Hwang et al., 2022).
Because the sunlight process always changes from morning to evening, it causes instability of the DC output voltage from
the solar panel (Hwang et al., 2022). In this study, a 50 Wp solar panel model was designed using an inverter with DC
voltage control using the help of a BMS (Battery Management System) (Wang et al., 2023). The problem of saving electrical
power needs to be raised in this study because electrical energy must be sustainable for the survival of humans on Earth
(Tarhan et al., 2021). The use of renewable energy from sunlight does not discriminate against groups, because considering
the energy crisis in the world approaching the threshold of the world energy crisis in 2050, each country is trying to develop
solar panels to balance the use of electrical energy by using a battery charging control system (Lee et al., 2023). The battery
charging control system is one of the tools for controlling the entry and exit of electricity received and the energy released
by the battery (Sorour et al., 2021). BMS functions to optimize battery performance and extend battery life (Marcos et al.,
2021). Therefore, the author took a study entitled "Design of Solar Panel-Based Powerbank with BMS (Battery Management
System) Control System" (Al Farizi & Widyartono, 2023).

Literature Review
BMS (Battery Management System)

Battery Management System "BMS" or Battery Management System is an electronic system that manages the battery
(Liu et al., 2019). The BMS system is essential for monitoring parameters such as charge status, thermal status monitoring,
ampere/hour calculation, and terminal voltage and current flow. The BMS also helps control and balance the battery
circuit. The BMS is used to keep the cells in the battery safe (Shen & Gao, 2019). The BMS plays an important role in
improving battery performance, optimizing safe and reliable operation (Ghalkhani & Habibi, 2023). Key features of the
Battery Management System "BMS" That is, the balance charger is used to balance the voltage during charging, discharging
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or using (Habib et al., 2023).

overcharge protection function works when charging the battery (Ghalkhani & Habibi, 2023). When the total voltage
reaches the maximum limit, the charging current stops. The overdischarge protection function when the battery is
discharged under load. When the total voltage reaches the specified minimum value or the battery cell reaches its
minimum value, the current flow to the load stops. Thermal control comes into effect when the battery temperature reaches
a certain limit. Air cooling is activated to protect the battery from overheating (Gabbar et al., 2021). There are many missing
BMS design features, two important ones are battery pack protection management and capacity management (Tran &
Fowler, 2020).

The working principle of the battery is divided into two processes, namely the battery discharge process and the
battery charging process. There is a battery discharge process. This is called cell discharge (Huckaba et al., 2020). Naturally,
this process will take longer if the battery is empty (Bhushan et al., 2022). The time to discharge (reserve charging time)
varies depending on the load used. The more energy provided by the load, the faster the battery discharge time (Jafari &
Byun, 2022). For batteries, voltage and current are usually expressed in units of time. If the battery used is a 12V 22Ah
battery, the formula for determining battery power is:

P=VXxI

Research Methods
The research location is in Kasindir Village, located in Jorlang Hataran District, with a research period of one month. The
specifications of the materials used consist of:

Table 1. Material Details

No Material Details
a) Maximum power (Pmax) 50W
Solar Panels b) Maximum vqltage (Vmp) 20.88V
1 (Polycrystalline silicon ) Current‘maa.czmum (Tmp) 240 A
solar cells) d) Open Circuit Voltage (Voc) 2401V
e) Short Circuit Current (Isc) 251 A
f) Dimensions 610*580*30mm
Parameter Range Resolution
Current 0~100 AP 0.01 Ampere
2 Watt Meter Power 0~ 6554 Watt 0.1 Watt
Voltage 0~ 60 Volt 0.01 Volt
3 Solar Charge Controller 10 Ampere
4  Battery Aki 12 Volt 22 Ampere hours
Dc12/24V
I
op :lptu%%;ge Usb D55V 1 A
5  Inverter Ac 220V 230V 240V 100V 110V
Output Voltage 120V
Frequency 50Hz/60Hz +4Hz
BMS ( Batte
6 Manu((gemen :ySys tem) 12 volts/120 amps
7  Cable 10m
8  Connecting terminal 12 pins/1 piece
9  Triplex 1 sheet
10  Solation 1 piece
11  Iron elbow 1 stick
12 Screw Yinc 1 piece
13 Switch 2 pieces
14 Bolt M3x40mm / 4 pieces
The specifications of the tools used are as follows:
Table 2. Tool Details
No Tool Details
1 Gerindra 1 piece
2 Wood saw 1 piece
3 Hand drill 1 piece
4 Cutting pliers 1 piece
5 Peeling pliers 1 piece
6 Screwdriver+ 2 pieces
7 Solder+tin
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Research procedures are used as a basis for carrying out research with efficient and sequential steps. The research
procedures are:

- Conduct a literature study on the tools used in the research.

- Providing the tools and materials used, namely solar panels, solar charge controllers, watt meters, batteries, BMS
( Battery Management System ) and inverters.

- Nextis the formation of the tool. The formation is carried out by placing the battery, solar charge controller, watt meter,
BMS ( Battery Management System ) and inverter into an iron frame with a plywood base. The tools are arranged so
that the cables are connected properly and neatly.

- Then the frame is given wheels, to make it easier to pull or move the tool.

Figure 1. Information (a) Mounting Solar Panels to Solar Charge Controller, (b) Installing the Battery to the Solar Charge
Controller, (c) The Process of Installing a Watt Meter to a Solar Charge Controller and Inverter

[

Infinix HOT

Figure 2. Solar Panel-Based Powerbank with BMS Control System

Results and Discussion
a) Load Measurement with Solar Panels for 7 Hours

Table 3. Measurement Results of Solar Panels and Batteries

Solar Panels Battery Aki
O'clock Watt Ampere  Ampere Watt
Volt Current Watt Peak Hoer Per; X Hours Voltage (V)
09.00 13.2 0.12 1.7 15 0.012 0.16 0.12 13.2
10.00 13.2 0.17 2.2 2.2 0.208 0.14 2.7 13.2
11.00 13.2 0.18 2.5 25 0.446 0.22 5.9 13.2
12.00 13.3 0.24 3.2 3.3 0.618 0.25 8.2 13.3
13.00 13.4 0.34 4.7 4.7 0.927 0.36 12.4 13.3
14.00 13.3 0.56 7.6 10.2 1,920 0.50 17.3 13.3
15.00 13.3 0.22 2.9 2.8 1,810 0.19 24.2 13.2

What is observed in this test is the amount of Current, Volt, Watt, Wattpeak, Ampere Hours, Ampere Peak, Watt Hours
produced by solar cells within twelve hours. The calculation was carried out at 09.00 to 15.00. What is the maximum Wh
indicated by the electricity meter from 11 am to 12 noon. During the test, each parameter produced every hour by the solar
panel was observed for 7 hours a day.

b) Battery Capacity Measurement Results and Total Power Generated by Yasaka Fans

Table 4. Yasaka Fan Power Measurement

O'clock 12Volt 22Ah Battery Yasaka Fan
Start Finished Voltage (V) Voltage (V) Current (I) Power (W)
Beginning End
16.00 18.00 13.0 12.5 225 3.2 42.0
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The next load test is the Yasaka fan. The test is conducted to determine how much power is provided by the load and
how long the battery capacity can power the load. The results of measurements and observations regarding the use of the
Yasaka fan are presented in Table 4 above.

¢) Measuring Overall HP and Laptop Performance

Table 5. Performance Measurement of Mobile Phones and Laptops

HP & Battery Charging time
. Power generated
Laptop Capacity Current Voltage from empty to durine charein
Brands (mAh) full & sNG
2 Hours 20

Oppo A31 4230 0.7 225 Minutes 123

Hp Core i3 2620 3.7 225 2 Hours 30 403
Laptop Minutes

The measurements carried out in this test are intended to determine the time required for each load to charge the
battery provided by the battery according to the details of each load. The loads used in this test consist of one laptop and
one mobile phone , each of which has different details. Information on the loads and the results of this test measurements
can be seen in Table 5.

d) Data Capture When Solar Panels Are Installed

Table 6. Measurements When Solar Panels Are Installed with Loads During the Day

Average power Power/Specifications ~ Current from The power
Load Type generated by solar of each load each load released by
panels each load
Yasaka Fan 50 watt 3.2 42.0
Oppo A31 Mobile 31.53 Watt 4230 mAh 0.7 12.3
Phone
HP Core i3 Laptops 2620 mAh 3.7 40.3

Data collection occurs when the solar panel is directly installed, connected to the solar charge controller , connected to
the battery, then connected to the inverter, and finally connected to the load.

e) Observation of the results of the solar panel for 7 hours

The study was conducted on June 9, 2024 in Kasindir Village, Jorlan Hataran District, Simalungun Regency. The test
was carried out for twelve hours, and measurements were carried out every hour from 09.00 to 15.00. The results of daily
observations are presented in Table 3.

The results then continue to show the highest value before the weather conditions become hotter than before. When
the heat increases, the electricity meter will display the current Wp value at a higher value. If the weather conditions do
not improve, the electricity meter will always show the exact value. From Table 4.1 we can see that the voltage, like other
parameters, varies over time. This is because the parameters measured by the power meter depend on the weather
conditions. The hotter the sunlight, the better the results. Since the highest voltage of 13.4 V olt occurred at 13.00, we know
that at the same time the highest current was 0.56 A mpere and the power was 7.6 W att.

Table 3 shows observations with increasing voltage readings displayed by the solar charge controller . The battery has
a power capacity of 260 Wh. The weather conditions during the observation were very hot. This means that the results of
charging the solar module are good.

f) Observation when several loads are connected at the same time

If several loads are connected at the same time, the measurement results of the power generated from each load
connected at the same time will be different. If the calculation is carried out without exceeding the highest power
consumption that the inverter can produce, then the load will still be powered by the battery.

The inverter used produces 500 watts of power with 50% efficiency. Therefore, the actual inverter power is 264 watts.
When multiple loads exceed the inverter's capacity operating at the same time, the inverter will burn out/be protected.

So, to check the loads can operate simultaneously, you should first check the specifications. If the amount of power
obtained by some of the loads is still below the maximum limit of the inverter, then the load will continue to operate. The
installation of the load uses a parallel connection, so that the voltage of several loads is added and multiplied by a voltage
of 225V.

For example, charging an Oppo A31 cellphone with a rated current of 0.7A and a laptop with a rated current of 3.7A,
then the power generated by the two loads will increase to 52.6 watts. Therefore, loading continues as usual. The
experiment was carried out by calculating several other loads simultaneously. The loads that operate simultaneously are
the Yasaka fan, cellphone charger, and laptop charger.

Similar to the test above, the measurement only requires measuring each current and voltage on each load. After the
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load runs at the same time, the fan will turn on. Then your cellphone and laptop will be charged simultaneously. If
measured with a wattmeter, the current and voltage of each load are:

Table 7. Simultaneous Load Measurement

Burden Voltage (V) Current (A) Power (W)
Yasaka Fan 225 3.2 42.0
Oppo A31 Mobile Phone 225 0.7 12.3
Core i3 Laptops 225 3.7 40.3

As with the above test, the measured flow values are summed up. The total flow for the test load is 7.6A. The power
result at that time was 94.6W. This means that the battery capacity is capable of powering the load for approximately 2
hours 45 minutes with a power of 94.6W. The next test is a load test that approaches the highest capacity of the inverter. The
highest power of the inverter used is 264 Watts and the maximum current of this inverter is 5-10 Ampere, so the test is used
by trying the fan at speed 3 and charging the Oppo A31 cellphone. If measured with a wattmeter , the current and voltage
of each load are:

Table 8. Fan Load Measurement and Oppo A31 Mobile Phone

Burden Voltage (V) Current (A) Power (W)
Fan 225 3.0 40
Charging HP Oppo A31 225 0.7 8

As with the above test, the measured flow values are summed up. The total load flow that has been tested is 3.7A. This
produces a power of 48W. Therefore, the battery capacity is also capable of supplying a total power of 48W to the load for
approximately 5 hours and 30 minutes. In the two experiments above, the first experiment tested all the tested devices
simultaneously. And in the test, all consumers can be powered by the inverter , and the battery capacity is capable of
providing power for approximately 2 hours and 45 minutes.

In the first experiment, the fan was operated at levels 1 to 3 with a total load current of 42.0 watts . The second test
was carried out by testing the fan load at speed 3 and charging the Oppo A31 cellphone. The total current measured was
3.7 A and the rated power was 48 W. In this experiment, the PLTS system was able to turn on one fan unit with a load
power of 42.0 watts because each component installed met the specifications. Then charge the Oppo A31 cellphone with 8
watts of power and the laptop with 40.3 watts of power for 2 hours 45 minutes a day.

g) Efficiency Analysis

The efficiency analysis of the research can be seen from two main aspects, namely the charging efficiency of the solar
cells and the efficiency of power usage during load testing. With the following details:
e Charging Efficiency of Solar Cells

Battery charging test on June 8-9, 2024, with very good weather conditions. This condition supports maximum and
faster charging. Thus, it can be concluded that the efficiency of battery charging from solar cells depends significantly on
weather conditions. Under optimal conditions, charging can be done quickly which means that solar cells work with high
efficiency on sunny days.
e Power Usage Efficiency

During testing, the PLTS system was able to state the fan at speed levels 1 to 3 with a power of 42.0 watts. In another
experiment, the system also supported charging the Oppo A31 cellphone with a power of 8 watts and using a laptop with
a power of 40.3 watts for 2 hours 45 minutes. The total current used in the second test was 3.7A with a power of 48W. From
these results, it can be concluded that the PLTS system has quite good efficiency in providing continuous power for various
loads over a fairly long period (2 hours 45 minutes). The use of inverters and batteries that are in accordance with system
specifications also supports operational efficiency. Overall, the system being tested was able to work optimally. Both in
charging and using load power during testing, with sufficient operational time and according to the needs of the tested
load.

Conclusion

The conclusion of this study is that the results of the experiments and measurements that have been carried out are in
accordance with the characteristics of the test. Measurements with solar cells in charging the battery carried out on June
8-9 were very optimal due to the very hot weather conditions so that battery charging became faster and the load usage
capacity lasted longer. When the test was carried out, the entire load could be powered by the inverter and the battery
capacity was able to provide power for approximately 2 hours 45 minutes. In the first experiment, the fan was operated at
levels 1 to 3 with a total load current of 42.0 watts. The second test was carried out by testing the fan load at speed 3 and
charging the Oppo A31 cellphone. The total current used was 3.7A and the power was 48W. In this test, each installed
component met the specifications so that this PLTS system was able to turn on 1 fan unit with a load power of 42.0 Watts.
Furthermore, for charging a cellphone of 8 watts and a laptop of 40.3 watts for 2 hours 45 minutes for 1 day. The effect of
BMS on battery voltage on each connector such as parallel and series is almost the same. The effect of BMS is seen in the
magnitude of the charging current where when using BMS the current is greater so that the electrical energy that can be
stored in the battery is also greater. BMS also affects the continuity of battery performance to be more durable. The
efficiency of the panel used is 14.13%.
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