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Abstract: This study looks at how a hybrid rooftop solar power system works when connected to the national electricity 

grid, and how well it keeps the power supply steady for constant loads. The research has three main goals: setting up the hybrid 
energy system properly, protecting the batteries from damage, and using IoT technology to keep track of and control the system. 
Data was gathered over two weeks using a real-time monitoring tool called Adafruit IO. They checked several things like current, 
voltage, power flow, and how well the batteries were performing, including their charge level and how much they were being 
used. The results show the hybrid solar and grid setup works well. It uses solar power whenever it’s available and switches 
automatically to the grid when there’s not enough sunlight. The batteries stayed fully charged at 100%, which means they weren’t 
being used much and weren’t getting worn out quickly, helping them last longer and work better. Also, using IoT made it possible 
to monitor the system from a distance, collect data in real time, and make decisions automatically. This helped track how much 
energy was being made and used, spot any problems early, and control the power sources smartly. The research shows that this 
hybrid solar system, with IoT monitoring is a good way to keep the power steady for constant needs while keeping the batteries 
in good shape. It’s a model that can be used in other places too, and it offers better protection, flexibility, and clear information 
about how the system is working. The findings suggest there’s a lot of room for improvement by using things like predictive 
analysis and machine learning in future projects. 
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1. Introduction
Indonesia has shown a strong dedication to speeding up 

the growth of renewable energy. By the first half of 2024, from 
January to June, the country added 217. 73 MW of new 
renewable energy capacity, which is 66. 6% of the yearly goal 
of 326. 91 MW [1]. Solar energy played a big role, achieving 
147. 02% of its target. Among different renewable sources, 
rooftop solar panels have become a popular and promising 
way to provide clean energy for homes and businesses [1-3]. 
Rooftop solar panels use sunlight to create electricity, which 
can be saved in batteries for use when the sun isn't shining, 
like at night or on cloudy days.  

However, there are some problems with using rooftop 
solar systems. One big issue is the battery storage system, 
which can be damaged by overcharging, over discharging, and 

unstable power supply. Overcharging can cause heat problems, 
wear out the battery parts, and even start fires. Over 
discharging can permanently reduce the battery's ability to 
hold a charge and make it last shorter [4]. Also, changes in 
sunlight due to weather, which is getting more unpredictable 
because of climate change, can cause the system to work less 
efficiently and put more stress on the battery. 

Climate data from Indonesia’s Ministry of National 
Development Planning (Bappenas) and the Meteorology, 
Climatology, and Geophysics Agency (BMKG) show that the 
temperature has gone up by 0. 03°C each year and sea levels 
have risen by 0. 8 to 1. 2 centimeters every year since 1981. 
This is a big problem for 65% of the population who live near 
the coast [5]. These changes show how urgent it is to find good 
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ways to deal with these effects. One problem with solar panels 
is that they don’t work as well on cloudy days when there isn’t 
enough sunlight to create enough power. This can cause the 
battery to charge slowly or not at all, which makes the system 
unstable and can damage the battery [6-7].  

To fix these issues, it is important to create a system 
that keeps the energy supply stable and helps protect the 
battery [8]. This system needs to watch the battery in real time, 
stop it from going too high or too low, and switch to a backup 
power source like the national electricity grid (PLN) when 
needed. This helps make the system more reliable, keeps the 
battery healthier, and makes the whole energy system more 
efficient [9].  

Rooftop solar power systems have become a more 
realistic way to meet the need for clean energy, especially in 
cities where there isn't much land available [5]. Putting solar 
panels on rooftops allows buildings to make their own 
electricity without using up extra space. But even with good 
planning, there's still a big problem: keeping the power steady 
for things like home or business equipment that need a 
constant supply. Solar energy depends a lot on how much 
sunlight is available, and that can change because of the 
weather and the time of year. So, when sunlight isn't consistent, 
the electricity supply can be shaky [10]. This shows how 
important it is to have good ways to protect the system and 
reduce problems, so the system works reliably and the 
batteries last longer. 

A Solar Charge Controller, also called a Battery Charge 
Regulator, is a type of electronic device that helps make the 
best use of solar energy to charge batteries. It controls the 
voltage and current that goes into the battery, depending on 
how much power is coming from the solar panels and how 
much charge is left in the battery [8]. In this study, the Solar 
Charge Controller used is the POWMR MPPT-60A model. 
This model can handle up to 720 watts for 12-volt battery 
systems and up to 1440 watts for 24-volt systems. 

A battery is a type of energy storage device that uses 
dry cells to hold and provide electrical current. It works by 
using electrochemical cells that change stored chemical 
energy into electrical energy through chemical reactions. A 
rechargeable battery, also called an accumulator, works in a 
way that allows it to both give out and take in electrical energy. 
This is because the chemical reactions inside can be reversed 
by applying electricity in the opposite direction, which helps 
restore the battery's ability to store energy. This process makes 
it possible to charge and discharge the battery many times 
efficiently [9]. 

Because the amount of electricity from solar panels can 
change, an inverter is needed to power your home or business 
appliances [10-12]. The inverter is a special kind of electronic 
device that changes the direct current (DC) electricity, which 
is usually 12V or 24V from batteries or solar panels, into 
alternating current (AC) electricity at 220V. This change 
happens inside the inverter using electronic parts that control 
how the electricity is shaped, making it possible for solar 
power systems to work with regular household or business 
electrical devices [13]. 

2. Methods  
This study used an experimental method to design, set 

up, and test a hybrid rooftop solar system that includes 
batteries and is connected to the utility grid (PLN). The focus 
was on creating a plan to protect and improve the system so 
that it can keep providing stable energy for a fixed load. There 
were several important steps and technical parts involved to 
make sure the system is monitored properly, controlled well, 
and works as efficiently as possible [14-15].  

The process included: (1) measuring and keeping track 
of the voltage from the solar panels using special sensors; (2) 
checking and assessing the battery voltage to find out how 
much charge it has left (State of Charge or SoC); (3) using a 
Maximum Power Point Tracking (MPPT) charge controller to 
make sure the system gets the most energy possible from the 
solar panels; (4) adding a hybrid battery charger that can use 
the grid for charging when there isn't enough sunlight; (5) 
using Internet of Things (IoT) devices, especially the Adafruit 
IO platform, to collect data in real time and monitor the system 
from a distance; and (6) carefully designing the hybrid circuit 
with switching logic and load management to keep the battery 
safe and stable.  

These methods were carried out by combining 
hardware tools, sensor setup, software logic for setting limits, 
and control algorithms that allow the system to automatically 
switch between solar and grid power [16-17]. The next parts 
of this study will explain the specific techniques and 
equipment used in each part of the system. 

2.1. Solar Panel Voltage 

The rooftop solar power system used monocrystalline 
silicon solar panels, which were connected in a series to raise 
the overall voltage. The system had three solar panel units with 
a total capacity of 300 Wp (Watt peak). 
 

Table 1. Solar Panel Specifications 
 

Merck Specifications 

Everexeed 
Silicon 

Model: ESM100S-125 
Pm: 100 W 

Voc: 45,0 Volt 
Vmp: 36.0 Volt 

Isc: 3,07 A 
Imp: 2,78 A 

Dimension : 930*805*35mm 
Max. Sytem voltage : 1000/VDC 

STC: 1000W/m2 AM1,5 250C 
 

According to Kirchhoff's Voltage Law, when 
photovoltaic (PV) modules are connected one after another in 
a series, the overall voltage produced is the total of the 
voltages from each panel, but the current stays the same all the 



https://doi.org/10.53893/ijmeas.v3i3.432  47 
 

way around the circuit. In this study, the solar system on the 
roof uses three monocrystalline silicon solar panels connected 
in series to get a higher voltage for charging the battery. Each 
panel has an open-circuit voltage (Voc) of 45. 0 volts and a 
maximum power voltage (Vmp) of 36. 0 volts. So, the total 
voltage from the series setup is:  

 
Voc = 45.0 volts + 45.0 volts + 45.0 volts = 135.0 volts  (1)  
Vmp = 36.0 volts + 36.0 volts + 36.0 volts = 108.0 volts  (2) 
 
Connecting them in series is important to match the voltage 
needs of the Maximum Power Point Tracking (MPPT) charge 
controller and help transfer energy more efficiently to the 
battery storage system. 

2.2. Battery Voltage 

The rooftop solar system has rechargeable batteries that 
store electricity to use when there's not enough sunlight, like 
at night. Two 12-volt batteries are installed and connected in a 
series to raise the total voltage. 

 
Table 2. Battery Specifications 

Brand Specifications 
Mpower Model: JXH 100-12G 

12 Volt 
100 Ah 

Sealed VRLA GEL 
 

With this setup, the total battery voltage and capacity 
are:  

 
Battery Voltage (V) = 12.0 V + 12.0 V = 24 V   (3) 
Battery Capacity = 100 Ah       (4) 

 
This gives the system a total energy storage of 2,400 

watt-hours (24 V × 100 Ah). It ensures the system can keep 
working during times when solar energy isn't being produced 
and provides backup power to keep things running smoothly. 

The rooftop solar system mainly uses sunlight to charge 
the battery, but sometimes it can't fully charge the battery 
because of cloudy weather or not enough sunlight. To make 
sure the battery stays charged, a hybrid system was added that 
also uses power from the electricity grid.  

The power from the grid comes in as 220 volts 
alternating current (AC), which is then changed to direct 
current (DC) and lowered to the right voltage for charging the 
battery. The hybrid charger is set up for a 24-volt system and 
has two special modules: one that stops charging if the battery 
gets too low and another that stops charging if the battery is 
full. The low voltage disconnect (LVD) is set to 26 volts DC.  

If the battery’s voltage drops to 26 volts or lower, the 
charger starts working again to charge the battery. The high 
voltage disconnect (HVD) is set to 28. 8 volts DC. When the 
battery reaches this voltage, the charger turns off to stop 

overcharging. This system keeps the battery safe and helps it 
last longer by managing the charge properly. 

The Maximum Power Point Tracking (MPPT) device 
in this system is a Techfine brand controller. MPPT 
technology is important because it helps get the most power 
from the solar panels by constantly adjusting to changes in 
sunlight and temperature. The Techfine MPPT makes sure the 
solar panels work at their best voltage and current levels, 
which helps convert sunlight into electricity more efficiently 
and improves the overall performance of the rooftop solar 
system. This is especially helpful when sunlight levels change 
during the day. 

 
Table 3. MPPT Specifications 

Brand Specifications 
Techfine 60 A 

PV Array Max Input: 150 DC 
 

2.3. Internet of Things  

The Internet of Things (IoT) part of this hybrid battery 
charging system works by using a Pizem 017 voltage sensor 
to check the battery's voltage as it happens. The sensor sends 
this voltage information to the NodeMCU ESP32 
microcontroller, which acts as the main brain for collecting 
and sharing data. The ESP32 then sends the data at the same 
time to an LCD screen so you can see it locally and to the 
Adafruit IO platform through Wi-Fi for remote monitoring. 
This setup allows for constant tracking of the system's 
performance and helps make smart decisions about how to 
charge the battery, making the system faster and more 
dependable. 

Table 4. IoT Pin Circuit 

Node 
MCU 
ESP32 

Relay RS 
485 

BH170 LCD RS45-
Pizem 
017 

27 In1     

16  Ro    
17  DI    
18  DE    
19  RE    
21   SDA SDA  
22   SCL SCL  

 

2.4. System Design 

In The hybrid energy system in this study combines 
rooftop solar power with the public electricity grid, and it 
includes a plan to protect and manage the system for safe and 
stable energy supply and battery operation. The system was 
designed using a detailed diagram that shows all the main parts: 
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solar panels on the roof, a connection to the public electricity 
grid, a battery charger, an automatic switch controller, and a 
monitoring system based on the IoT. 

The setup makes sure that solar power is used first, and 
the public grid provides backup when the solar energy isn't 
enough or when the battery voltage gets too low. An automatic 
switch was created to move from solar to the grid when the 
battery voltage drops below a certain level LVD, and to stop 
charging from the grid when the battery reaches a high voltage 
limit HVD. A monitoring system was also set up using the 
Adafruit IO platform, which lets users check real-time 
information like voltage, current, and battery charge level. 
This system helps with remote checking, storing past data, and 
predicting future performance, making the system smarter and 
more reliable. By combining all these parts, the hybrid system 
works well even when conditions change, providing a steady 
and efficient energy source. 
 

2.5. System Implementation and Testing 

The implementation and testing phase involved turning 
the system design into a working model to check if it worked 
as planned. A full hybrid energy system was built, including 
solar panels on the roof, a group of batteries connected in a 
row, and a backup connection to the main power grid. All the 
physical parts were set up according to the system plan, 
making sure everything like the solar charger MPPT, battery 
charger, switches, sensors, and internet-connected modules 
worked together properly. While setting up the hardware, 
software was also created to manage the automatic control and 
send data through the internet. This software used a small 
computer called NodeMCU ESP32 and a service called 
Adafruit IO to watch the system in real time and make 
decisions.  

Tests were done to make sure the system could switch 
automatically between solar power and the main grid, 
especially when solar energy was low, like on cloudy days. 
More tests were carried out to check how the batteries charged 
under different light conditions and to ensure that safety 
features, like when the battery is too low or too high, worked 
correctly. The results showed the system could keep the power 
supply going, protect the batteries, and respond automatically, 
proving the hybrid energy system was reliable and strong. 

3. Results and Discussions 
3.1. System Description and Hybrid Installation Scheme 

The hybrid rooftop solar photovoltaic (PV) system created 
in this study combines two main sources of electricity: direct 
current (DC) from solar panels and alternating current (AC) 
from the national grid (PLN). 

 
 
 
 

 

Figure 1. Rooftop PV System 
 

Figure 1 presents a rooftop PV system installation, with 
components labeled numerically for clarity: (1) Solar Panel, (2) 
MPPT Charge Controller, (3) Battery, and (4) Inverter. These 
labels help identify the main elements of the system 
architecture and interconnections. The system is built to keep 
a steady power supply to a fixed load of 100 watts while also 
protecting the battery through smart control and monitoring. 

Solar energy is collected using PV modules and sent to 
a MPPT controller to make the charging process as efficient as 
possible. Voltage and current sensors are placed before and 
after the MPPT to check how much energy is coming in. The 
DC electricity is then used to charge a battery bank made up 
of two 12V 100Ah batteries connected in series to create a 24V 
system. To turn the stored DC energy into AC electricity that 
can be used by the load, a 670-watt inverter is installed. 

At the same time, grid power (PLN) is connected to the 
system using an AC–DC converter and charger. This extra 
source of power ensures that electricity is still available when 
solar energy is low, like at night or during cloudy days. The 
system has an automatic switch that uses solar power first 
when it is available and switches to grid power when the solar 
output is not enough.  

All-important electrical values—voltage, current, and 
power—are checked in real time using IoT sensors linked to 
the Adafruit IO platform. This setup allows for remote 
monitoring and helps the system adjust to changes in how 
much energy is needed, forming the core of the system’s 
protection and management plan. 

This setup works well to create an independent hybrid 
energy system that is good for keeping the batteries healthy, 
keeping the load running smoothly, and using more renewable 
energy. 

3.2. Battery Protection and Supply Mitigation Analysis 

The battery protection and energy supply plan in this 
hybrid PV–PLN system used several methods to keep the 
battery lasting longer and the system working well. To stop the 
battery from getting too much charge, they used a Solar 
Charge Controller that works with MPPT. To avoid the battery 
from getting too drained, they used a special charger with Low 
and High Voltage Disconnect features. They also protected the 
system from lightning by using a nearby 42-meter BTS tower. 
To make sure there was always energy available, the system 
could automatically use the PLN grid to charge the battery 
when the sun wasn't strong enough. They also used an IoT 
platform called Adafruit IO to keep track of everything in real 
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time, which helped switch things on and off automatically and 
control the system based on data, making the supply stable and 
reducing stress on the battery. Solar irradiance is important for 
how well rooftop solar systems work, especially when they are 
connected to batteries to store energy. The recorded solar 
irradiance data from Adafruit during the period 3–14 June 
2025 is shown in Figure 2. 

Figure 2. Light Measurement Results from Adafruit IO 
 

Data from June 3 to June 14 shows that solar energy 
levels follow a daily pattern, with the highest levels usually 
between 11:00 and 1:00. But there were big changes in solar 
levels because of things like clouds and rain. On some days, 
like June 3, 4, and 8, solar levels were below a key level (600 
relative units), which meant the batteries could charge more 
effectively during 6 to 8 hours each day. These changes in solar 
energy show why having a backup system are important to 
keep the batteries from running too low when there isn't 
enough sunlight.  

In this study, when sunlight dropped below 100 units 
and the battery’s charge level got too low, a special switch 
automatically turned on, bringing power from the main 
electricity grid to keep things running smoothly. This system 
was controlled using IoT with Adafruit IO, which allowed 
people to watch and manage the system in real time. This made 
a smart energy system that helped protect the batteries, kept 
the system working, and prevented power problems caused by 
changes in sunlight. 

The renewable energy system that works with the PLN 
grid was made to solve a big problem with stand-alone rooftop 
solar panels—solar power doesn't always come in when you 
need it, which can cause power cuts. In this setup, the solar 
panels are the main power source, and the PLN grid acts as a 
backup that turns on automatically when needed. An IoT-based 
control system manages the switch between the solar and grid 
power, allowing the system to monitor and adjust in real time 
based on what's happening. To keep the power supply steady 
and the system working well, the system uses a 670 W inverter 
that can handle up to 100 A of current, along with a battery 
bank that has a total storage of 2,400 Wh (24 volts, 100 amp-
hours).  

This battery helps store energy when there's not much 
sunlight so the system can keep running smoothly. These parts 
are very important for keeping the load stable and making the 
batteries last longer. Figures 3 (a), (b), (c), (d) show graphs of 
the Current Supply Measurement Results from Rooftop Solar 

Power Plants (I1), Current Supply Measurement Results from 
PLN (I2), Voltage Supply Measurement Results from Rooftop 
Solar Power Plants (V1), Voltage Supply Measurement 
Results from PLN (V2), which help show how the system 
works under different solar and grid conditions. 

(a) 

(b) 

(c) 

(d) 
Figure 3. Current and Voltage Supply Measurement Results from Adafruit 

IO: (a) I1, (b) I2, (c) V1, (d) V2 
The measurements of current and voltage from both the 

PLTS and PLN sources show how well the hybrid system 
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works in keeping a 100 W load running all the time. During 
the day, the PLTS is the main power source, providing high 
currents up to 27 A with voltages between 25 and 27 volts. 
This gives more than 600 W of power, which is enough to 
charge the battery and power the load at the same time, which 
helps reduce how often the battery needs to be used.  

At night or when there's not much sunlight, the system 
changes to use PLN. Even though the PLN currents are low, 
between 0. 01 and 0. 1 A, they are enough to keep the load 
running, meaning the battery isn't used too much. The PLN 
voltages, after being converted, go between 24 and 100 volts, 
but they stay safe because of the built-in safety systems. The 
steady voltages from PLTS also show that the MPPT control 
is working well. Overall, the system keeps the power running 
smoothly, protects the battery, and manages energy efficiently 
with automatic switching and built-in safety features. 

This study looks at how well the system works in 
keeping batteries safe and reducing risks caused by changes in 
energy supply and the steady use of loads. The analysis uses 
real data gathered from the Adafruit IO platform between June 
3 and June 14, 2025. It especially focuses on the best example 
of how the system performed on June 11, 2025, as shown in 
Tables 5 and 6. 
 

Table 5. Current and Voltage Date June 11, 2025 

Time 
I1 

(A) 
V1 
(V) 

I2 
(A) 

V2 
(V) 

08:59:19 27.31 27.04 0.02 101.84 
12:29:37 4.22 46.83 0.02 101.84 
16:12:05 4.22 46.83 0.02 101.84 
20:01:09 4.22 46.83 0.02 101.84 

 
Table 6. Power, SOC, and DOD June 11, 2025 

Time 
P1 

(W) 
P2 

(W) 
SoC 
(%) 

DoD 
(%) 

08:59:19 738.46 2.04 100.00 0.00 
12:29:37 197.62 2.04 100.00 0.00 
16:12:05 197.62 2.04 100.00 0.00 
20:01:09 197.62 2.04 100.00 0.00 

 
On June 11, 2025, the system data showed that the 

rooftop solar system produced a maximum power of 738.46 
watts at 08:59 WIB. At that time, the panel voltage was 27.04 
volts and the current were 27.31 amps. The power output 
stayed above 197.62 watts until nighttime, showing that the 
system can keep providing power even as the sun gets weaker.  

Meanwhile, the power taken from the grid, called PLN, 
was very low, around 2.04 watts. That means the system 
mostly used solar power, and the grid only helped a little, 
acting like a backup. This matches how the hybrid inverter and 
MPPT control work together. The battery system had two 12-
volt, 100 amp-hour MP Power JXH 100-12G batteries 

connected in series, making a total capacity of 2400 watt-hours. 
Throughout the observation period, the batteries stayed fully 
charged. Using these formulas:  

 
SOC = (Estored / Emax) × 100%      (5) 

 
DOD = 100% – SOC        (6) 

 
It was found that the state of charge (SOC) was always 

100%, and the depth of discharge (DOD) was 0%. That means 
no energy was taken from the batteries, showing that the 
system can fully support the load without draining the batteries. 
This steady performance came from the MPPT controller, 
which helps get the most power from the solar panels, and the 
hybrid inverter, which automatically switches between power 
sources. The system also has protection against voltage issues, 
keeping the batteries safe. Even though the grid provided very 
little power during this test, having it around improves the 
system's ability to handle future energy shortages. This makes 
the system both efficient and reliable. 

3.3. Effectiveness of IoT-Based Monitoring and Protection 

The integration of an Internet of Things (IoT) system 
in a hybrid rooftop solar setup enables clear real-time 
monitoring and automated control. Figure 4 illustrates the 
system architecture, including key component such as the 
voltage sensor (PZEM-017), NodeMCU ESP32 
microcontroller, LCD Display for local feedback, and Adafruit 
IO platform for cloud-based data visualization.  

 
Figure 4. IoT Circuit 

 

Figure 4 is an IoT Circuit. The system works with a set 
of conditions: when the solar voltage is higher than the 
charging limit, the battery is charged directly from the solar 
panels, and the power from the PLN grid is not used. If the 
solar input falls below 22V, the MPPT controller stops 
charging and turns on the relay to allow charging from the 
PLN grid. When the battery reaches 28. 8V, the grid charging 
automatically stops.  

This control process is managed by a microcontroller 
connected to Adafruit IO. It constantly gathers, shows, and 
keeps records of voltage, current, and power data. The 
platform allows for real-time monitoring, storing past data, 
and remote access, which helps in finding problems early and 
protecting the system quickly. With automatic switches and 
alerts based on set limits, the IoT system changes the setup 
from being just passive to being active and using data to 
manage energy efficiently. 
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4. Conclusion 
This study showed how a rooftop hybrids system that 

combines solar power with grid electricity can provide steady 
energy for regular use. The system mainly uses solar power 
but automatically switches to the grid when needed, showing 
it works well and adapts to different situations2$The battery 
was kept at full charge all the time, which reduced how often 
it had to be used and helped it last longer. The system also used 
IoT tools like Adafruit IO to monitor everything in real time, 
spot problems quickly, and make automatic adjustments, 
making the system more dependable and efficient. In general, 
this hybrid setup gives a reliable and smart way to use 
renewable energy. It can be improved even more by using 
smart predictions and AI for better energy management. 
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