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The increasing use of solar energy as a source of electrical energy encourages
the use of remote monitoring systems to determine the performance of solar
panels. The purpose of this study is to conduct a monitoring system for solar
panel (PV) and battery output for water pump loads. The method used is to
design a monitoring system using the microcontroller NodeMCU ESP8266
and sensor INA219. The first step is to determine the capacity of the PV,
battery, and water pump. Then do microcontroller programming and field
testing. The INA219 sensor measures the operating voltage and current in real
time, the voltage, power, and current of the PV connected to the circuit.
Experimental investigations that have been carried out to verify the
effectiveness of the proposed monitoring system have shown that proper
examination of the collected data allows the monitoring system to be enlarged.
The monitoring system is able to perform measurements well for 3 months.
The results of monitoring measurements in this study are also influenced by

the intensity of solar radiation.
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1. INTRODUCTION

Photovoltaic (PV) systems have been widely used in residential areas to reduce energy costs.
However, these systems are not monitored in detail or managed in a user-friendly manner in many cases.
Therefore, a PV monitoring system needs to provide detailed monitoring for each PV module and an easy-to-
use way to access the monitored data. In addition, the PV monitoring system must be low-cost to be widely
used [1]. The integration of renewable energy (RE) resources into the power system poses many research
challenges. Studies have shown that RE output can exceed the power consumed during the day. As a result,
the direction of power flow in the distribution network can be reversed for some periods. Since voltage
controllers are usually designed for unidirectional power flow, this can cause voltage differences at the
distribution center. In addition, the intermittent and non-distributable installation of photovoltaic (PV) devices
increases the control problem of the distribution system. Intelligent photovoltaic (PV) module monitoring can
automatically locate the panel position and monitor the status of the PV module, which is very important for
the operation and maintenance of solar power plants. As a new communication method in the field of PV
monitoring, PV module monitoring based on power grid communication is the future trend of solar power plant
monitoring due to its low maintenance cost and strong anti-interference ability [2].

Further research on PV monitoring was conducted by authors [3], proposing an intelligent PV module
monitoring scheme based on parallel resonant coupling unit, which uses DC bus as communication channel
and modulates monitoring data into high frequency form to perform carrier communication. Experimental
results achieved by the developed grid transceiver demonstrate the feasibility and validity of the proposed
scheme. Aluminum electrolytic capacitors (AEC) are used in the DC-link of a grid-connected single-phase
solar inverter to suppress DC-link voltage oscillations. Furthermore, long-term use of capacitors can cause
open circuits in the dc-link. A quasi-online method for monitoring AEC conditions in solar inverters is
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proposed [4], [5]. This method is active at night when there is no solar radiation. The main advantage of this
technique is that it combines energy and capacitance estimation to determine monitoring. Furthermore, this
technique does not require significant processing power and is implemented in existing digital
processors/controllers used for inverter control. In this study [6], [7] an innovative sensor is proposed that is
suitable for measuring the operating voltage and current, open circuit voltage, and short circuit current of
connected PV in real-time. An effective disconnection system ensures that the sensor does not affect the circuit
characteristics during the measurement phase and offers many benefits. Extensive experiments were carried
out to prove the reliability and usefulness of the sensor for continuous monitoring of PV power plants. As the
deployment rate of PV power plants continues to increase, the need for a good and scalable method for
performance analysis increases. Therefore, an approach to measure the quality level of utility-scale PV power
plants is proposed [8]. This method is validated on data from three utility-scale PV power plants that produce
loss rates in the range of 0%-0.18%/day. Next, a method for monitoring aluminum electrolytic capacitors
(AEC) using the measured parameters for maximum power point tracking is proposed [9]. While the method
[10] proposes real-time detection of series resistance changes in PV modules. The proposed technique is for
continuous/discontinuous conduction modes in converter operation. Simulation studies are carried out and the
results are in accordance with those obtained. Proper monitoring, operation and maintenance of PV systems
are part of the service tasks required to ensure long-term reliability and longer installation life [11]. This method
describes a remote monitoring technique that can be used for general standardization and as a common basis
for effective reliability assessment, monitoring, operation and maintenance. The next study conducted a PV
arrangement based on wireless radio frequency identification (RFID) technology. In this design, up to seven
digital humidity sensors are used soldered on 130 um thick polyimide foil that also integrates the necessary
RFID antennas and readouts. Its very small size and wireless design allow its placement anywhere in the PV
module either in front or on the back side of the solar cell. This system is applied in a mini module with a single
full-size crystalline silicon solar cell and exposed to high temperature and humidity conditions. Authors [12]
provide an overview of safety enhancement technologies in battery management, while authors [13]. Proposed
a battery management system (BMS) used during the operation of electric vehicles (EVs) to monitor, predict,
and control the battery status to ensure that the battery can function effectively and safely. In addition, the
material composition, system design, and operating conditions substantially affect the battery life, making it
more challenging to manage and maintain the battery system.

Multifrequency impedance measurement has been known as a technique for monitoring cells in
lithium-ion (Li-ion) batteries. However, battery management is slow, mainly due to its larger size and higher
operating power requirements. Therefore, a small and low-power multifrequency (1-1000 Hz) impedance-
based battery management system (BMS) for multi-cell batteries with various capacities is proposed. This
BMS ensures battery safety and efficiency by tracking and acting on the emerging mismatches and other
electrical and thermal abnormalities in each individual cell without increasing the cost, volume, weight, and
power, compared to conventional BMS. In order to eliminate the faults of lithium-ion batteries and improve
the user level, a control method for the energy balance of lithium-ion batteries is proposed for the Internet of
Things [14]-[16]. Experiments show that this method can effectively control the energy balance of lithium-ion
batteries, when the experiment reaches 50 seconds, the final time of lithium battery balance control is about
540 seconds, the balance efficiency is greater than 98%. Battery Management System performs various tasks,
including monitoring voltage and current, estimating charge and discharge, equalizing and protecting the
battery, managing temperature conditions, and managing battery data [17]. Electrical energy from the utility
grid is still typically used when submersible pumps are used. PV can be utilized as a source of electrical energy
if the submersible pump is situated in an area that is accessible to the utility grid. This article's goal is to create
a microgrid system that uses a PV source and batteries to power submersible pumps in rural regions.
Furthermore, a PV and grid power regulation by performing load monitoring is proposed [18], [19]. 10 PV 100
Wp, 1500 Ah batteries, and SCC 150 A are required to construct this system. According to the study's findings,
2,796 kWh of electrical energy are used in a single day, meaning that the average monthly electrical energy
consumption is 83.88 kWh, while 3,473 kWh of PV energy is produced. PV energy and batteries can be used
to supply load energy. In addition, the grid energy source serves as a backup and is employed in the event that
the PV source or battery is disconnected, whereas the logic controller can govern the alternation of PV and
battery energy flows. Finally, authors [20], [21] designed a coordinated controller system to improve the
stability of load power by controlling multiple battery units. In this method, battery charging is carried out
separately using a PV array, so that optimal battery.

Based on previous studies on PV and battery output monitoring, this article proposes a monitoring design
using NodeMCU ESP8266 + INA219, focusing on real-time monitoring, and used to regulate the pump power
requirements.

2. METHOD
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In a modelling of the monitoring system, it can be done on a PV equipped with a monitoring controller.
Figure 1 shows a block diagram of the monitoring system model consisting of a disconnection system, a power
supply section consisting of a charging circuit, an energy storage device (EBS), and a DC-DC converter, a
measurement circuit, wireless communication, and a microcontroller (MC). In the model, the PV panel
terminals (P+ and P—) are connected to the sensor, while the sensor terminals (S— and S+) are connected to
adjacent panels of the circuit. The PV panel is separated from the circuit by a controlled electronic switch
connected between the P— and S+ nodes. The P— node is the sensor's electrical reference because it always
shows the lowest point in the entire circuit. The experimental steps are in accordance with the algorithm. In the
initial stage, the monitoring system was designed and programmed, followed by testing and data collection on
the water pump load. The hardware design used Proteus.

~\

-
——1 DC/DC Converter + EBS

measurement
circuit B 1

,——< disconnection I"’—i MC
H i system
wireless
b | communication | i
\3
NS

PV sensor

Figure 1. Monitoring circuit model.
2.1 Disconnection Mode
The sensor disconnects the individual panels by utilizing the aforementioned switch and a bypass
diode called D in parallel with the branch that includes the panel and the switch, as shown in Figures 1 and 2.
The switch blocks the flow of current through the panel, while the bypass diode provides an alternative path
for the current of the string Igrin g, thus preventing the interruption of energy generation. The switch is realized
with a power Mosfed called M1, whose driving network is depicted in Figure 2.
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Figure 2. Disconnection Mode.
Figure 3 shows the behavior of the system under three common operating conditions. In particular, Figure 3(a)
illustrates the normal operating mode. In this case, the panel is under full irradiation and is conducting the

entire Iging. Most likely the PV is operating close to its MPP, thus keeping D reverse biased. The panel
voltage is high enough to force the Zener diode Dzl shown in Figure 1 to conduct at its breakdown voltage
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(4.7 V), thus making M1 operate in the on state with negligible voltage drop (Rds, ON is about 5 m(2). The
voltage drop VS— S+ dropped across the sensor terminals can be estimated by graphical construction showing
the I-V curves of M1 and the panel for the three conditions mentioned earlier. During normal operation, the
operating point of M1, corresponding to the current Iss.i54, is very close to the y-axis, and VS— S+ (shown by
the double arrow line) is almost equal to the operating voltage Vj,qne;, thus proving that the sensor does not
change the behavior of the panel. Figure 3(b) illustrates the system in a mismatch condition, when the panel is
less irradiated than the other panels in the circuit (e.g. due to panel damage, panel aging, or other undesirable
objects on the panel surface) and the bypass diode conducts the portion of the circuit I that can no longer flow
through the panel. The behavior of the panel is further described by the I-V curves showing a lower
photogenerated current. This current flows through M1 as well, so that the gate—source voltage Vgs,1 (see
Figure 2) decreases to about 2—3 V corresponding to the new drain current, and the -V characteristic of M1 is
lowered; furthermore, Figure 2 shows that the drain—source voltage Vds,1 coincides with the panel V
(neglecting the forward voltage across the bypass diode D). This means that when the bypass condition occurs,
the operating point is given by the intersection of the two I-V curves.

s- s |t

= |39+

t
P+

S|t
— P+

s+ |f
(a) (b) (c)
Figure 3. Operation mode (a) normal (b) bypass (c) disconnection.

2.2 Power Supply

Each sensor is supplied by a corresponding panel to avoid additional wiring. In particular, the power
supply section must be able to operate properly even though the operating point is imposed on the panel by the
MPP tracking converter (MPPT). In other words, the sensor's operating area must cover the entire -V curve
for a wide range of temperature and irradiance levels, even in partial shade conditions (in a panel consisting of
three subpanels, the MPP can be placed at about one third of the nominal voltage of the V3;pp). In addition, the
sensor must be powered by the power supply section during the measurement phase (when the panel is isolated)
to guarantee high accuracy in I and V.. detection.

Rz,
MP"’
Ry
— G 7 12v
" SuperCa’p'l\ pcl—3.3V
P

R

Figure 4. Power supply for monitoring.
As shown in Figure 4, the power supply section consists of two stages. The first stage, which is directly
connected to the panel terminals, is a voltage regulator that provides the appropriate voltage level for the EBS
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and provides energy for the second stage. The voltage regulator consists of Rz3, Dz3, and Mpwr, while the
EBS is a 2F supercapacitor denoted as SuperCap. The Rz3/Dz3 driver network is designed to charge the
SuperCap to a voltage level of about 3 V, the charging voltage is limited by the threshold of Dz3 (4.7 V), the
gate-source voltage of Mpwr (typically 1.5 V), and the voltage drop across the 10-Q resistor R;;,,. When the
sensor is turned on (the EBS is fully discharged), R, limits the charging current to 300 mA, thereby
preventing Mpwr from overheating.

2.3 Measurement Section

The sensor performs the identification of the actual operating point through the measurement of Vy, g5
and Ipgne;- As is known, the operating point mainly depends on the environmental conditions (temperature and
radiation level) and on the MPPT. A correct identification provides information on the actual PV power
produced and allows to achieve an accurate power mapping. No information can be obtained on the potentially
produced power and the condition of the panel. In order to obtain a complete characterization that is not affected
by the actions of the converter, in the second phase the proposed sensor keeps the panel in disconnection mode
and measures V¢ and Isc. It should be noted that, in normal operation, V. mainly depends on the temperature,
while Igc is proportional to the radiation level. Furthermore, the product of both is proportional to the
potentially produced power. However, it should be noted that the measured data cannot directly lead to the
local radiation level and temperature related to each subpanel. Although better results can be achieved by
performing V. and I measurements on each subpanel, this approach is not suitable for commercial panels
because the subpanel electrical terminals are physically connected in series, thus not allowing the insertion of
Sensors.

2.4 Monitoring system design

Figure 5 shows a block diagram of the PV and battery monitoring system design. This study aims to
monitor the voltage, current and power generated by solar panels and batteries. This monitoring uses a
microcontroller with the Internet of Things. Monitoring data generated by PV and batteries is sent to Google
Sheet and displayed on the [2C LCD in real time.

2.4.1 Solar Panels

Solar panels (PV) function to convert the intensity of solar radiation into DC voltage output. The higher the
radiation with the right PV position, the optimal voltage and power will be produced. In this study, a
monocrystalline PV with a capacity of 100 Wp was used.

2.4.2 Solar Charge Controller (SCC)

SCC in the solar power generation system (PLTS) functions to control the charging from PV to the battery.
SCC plays a role in limiting the charging and discharging of energy from the battery. In this study, an SCC
with a capacity of 30 A was used, which was calculated based on the Isc of the PV.

2.4.3 Sensor

In this study, the INA219 sensor is used to measure DC voltage, current and power and has an 12C interface,
in the form of SCL and SDA and its I2C interface address can be changed up to 16 addresses. The INA219
sensor can be paralleled to up to 16 addresses with very good measurement accuracy at approximately 0.5%.
This high-precision sensor also benefits from 12-bit resolution. The maximum expected bus voltage has a
standard value of 32 V. The maximum expected current with a standard value of 3.2 A. The shunt resistance
on the sensor has a standard value of 0.01 Q.

2.4.4 Battery

To store electrical energy in this study, a VRLA battery with a capacity of 100 Ah was used. The battery works
by storing energy generated by PV from PLTS. When PV produces more energy than needed, the battery will
charge the energy. When PV does not produce electrical energy, the battery will be discharged from the energy
that has been stored or used at night. This battery is used at the right time with the settings from the SCC.

2.4.5 Microcontroller (MC)

For the controller in this monitoring system, the NodeMCU ESP8266 microcontroller is used. This
microcontroller is equipped with a Wi-Fi network connection between the microcontroller itself and the Wi-Fi
network. This microcontroller allows devices to connect directly to a Wi-Fi network and communicate via the
TCP/IP protocol. With its small size and low power consumption, the ESP8266 is ideal for IoT applications
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that require wireless connectivity. NodeMCU is basically a development of the ESP 8266 with e-Lua-based
firmware.

2.4.6 Google Sheet

Google Sheets is a web-based software developed by Google to create tables, simple calculations, and data
processing. The difference with working in Microsoft Excel is that Google Sheets allows multiple users to
collaborate online on a single worksheet. Google Spreadsheets is an online website application that allows
users to create, update, modify worksheets, and share data online in real time. But unlike other spreadsheets,
Google Sheets also allows geographically dispersed users to come together on spreadsheets and chat
simultaneously using an integrated instant messaging program. Users can upload worksheets directly from their
computers or mobile devices, applications like this automatically save any changes, and users can immediately
see changes made by others.

Solar Panel (PV) > Sensor
v
SCC
A\ 4
v N [oT Google
MC Sheet/ LCD
Battery
v
Water Pump > Sensor

Figure 5. Monitoring system design.
3.  RESULTS AND DISCUSSION
The results of the research in this article are the results of testing and analyzing data obtained from

the Internet of Things (IoT)-based monitoring system for voltage, current, PV output power and batteries.
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Figure 6. Prediction of solar radiation intensity in 2025.
The research is located at the Sekaran Gunung Pati location in Semarang city which has a latitude coordinate
of -07.0502 ° N, 110.398992 ° E. At this location, the annual global radiation is 1920.7 kWh / m? at a
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temperature of 28 ° C. Figure 6 shows the predicted intensity of solar radiation in a year. The highest intensity
occurs in October and the lowest occurs in January. Based on Figure 6, the radiation potential at the research
location is quite large, so it is very appropriate to use PLTS. This study resulted in monitoring of PV and battery
output for 3 months, namely from March to May 2025, while Figure 7 shows the preparation for testing in the
field by testing the equipment to be used. Figure 8 shows the solar azimuth indicating the angle at the horizontal
position towards the north at the research location. This image shows the geographical conditions of the
research location, with the aim of determining the potential PV output. Solar azimuth information is intended
for PV installation according to solar radiation.
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0

Figure 7. Testing monitoring tools.
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Figure 8. Solar azimuth.

This study was conducted for 12 weeks or 3 months. PV and battery monitoring in the first week of the first
month can be seen in Figure 9, while Figure 10 shows PV and battery monitoring in the first week of the
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second month. The results of PV monitoring in the first week of the first and second months showed that the
PV output voltage ranged from 12 to 13 V DC. This shows that the research location has the same radiation
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for 2 months, while the output current and power depend on the load consumption.

14
= % P —— -0 —C—
12
10
8
6
a
2
0 (P ——— = s __.--—l-..
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Voltage 12,96 13,14 13,14 12,9 12,96 13,04 12,82
Current 0,37 0,91 0,73 0,41 0,6 0,82 0,38
Power 4,76 11,99 9,65 5,29 7,86 10,75 4,91
==@==\/oltage e==@==Current ==0==Power
Figure 9. PV monitoring data for the first week of the first month.
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Current 0,5 0,52 0,52 0,5 0,51 0,51 0,49
Power 6,48 6,81 6,88 6,46 6,57 6,63 6,3
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Figure 10. Battery monitoring data for the first week of the first month.
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Figure 11. PV monitoring data for the first week of the second month.
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Figure 12. Battery monitoring data for the first week of the second month.

The PV contribution to power is calculated as the product of the measured Voc and Isc weighted by the filling
factor, which is then obtained from the nominal values reported in the data sheet through temperature
adjustment. Under uniform irradiance and temperature conditions, the PV curves will coincide. In case of
mismatch, the power loss due to mismatch is measured based on the gap between the maximum power that can
be produced and that estimated by the iMPPT algorithm, while the decrease between the latter and the measured
represents the power loss caused by MPPT failure. Initially the weather conditions are completely clear, then
the power that the PV can produce gradually decreases due to the module effect. Then the MPPT algorithm
forces the PV voltage to increase assuming uniform conditions. This analysis allows a detailed quantification
of the voltage, current and power outputs, thus supporting an easy comparison between investment and
maintenance actions. It is worth highlighting the power drop due to SCC failure, which can be avoided by using
the appropriate on-demand MPPT offered by the sensors. In particular, the PV that limits the power production,

Sri Sukamta: Monitoring Design on PV and ...



362
ISSN: 2715-6427

due to the PV having a lower Isc than the estimated IMPP, can be disconnected quickly. This causes a local

maximum drop located at a voltage higher than the VMPP and the PV will approach the global MPP.
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Current 06 078 0,79 056 074 078 079 086 089 081 083 09
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Figure 13. PV monitoring data for 3 months or 12 weeks.
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Figure 14. Battery monitoring data for 3 months or 12 weeks.

The research that has been carried out is able to perform a monitoring system on the output of solar panels
(PV) and batteries. Experimental investigations that have been carried out to verify the effectiveness of the
proposed monitoring system have been shown by the results of monitoring on PV and batteries. The monitoring
system is able to perform measurements well for 3 months. The results of monitoring measurements in this
study are also influenced by the intensity of solar radiation.

4. CONCLUSION

The research conducted was able to run a monitoring system on the output of solar panels (PV) and
batteries based on the Internet of Things using the INA219 sensor with an I2C LCD display in real-time. The
sensor is suitable for measuring various key research parameters and actual operating points without affecting
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energy production. In addition, the sensor showed good performance even in bypass conditions. The
monitoring system was able to perform good measurements for 3 months. The results of the monitoring
measurements in this study were also influenced by the intensity of solar radiation. This research can be
developed to monitor the load, with a fuzzy logic controller. The monitored load is not only the AC load but
also the DC load.
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