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Abstract

The scarcity of fossil fuel sources and the growing energy demand has resulted in more intensively searching for alternative
energy. One alternative energy source that is suitable for the equatorial region is solar energy. One of the technologies for
utilizing solar energy that has begun to be widely used in Indonesia is the photovoltaic (PV) system. The output of PV is highly
dependent on environmental conditions, especially the intensity of the sun and temperature. In addition to these two factors,
shading (shadows) and soiling (dust) also affects the PV output. So, this must be observed at all times by monitoring the voltage
and current as the PV output. This study aims to design a PV panel instrumentation structure based on a data logger. PV output
data in the form of voltage and current and environmental conditions such as ambient temperature and solar intensity were
recorded in real-time. The measurement results from the data logger will be compared with manual measurements. PV output
data, output voltage and current, as well as sunlight intensity were compared with measurements using an avometer.
Temperature data will be compared with thermocouple measurements. PV in this study will be connected to a 1kOhm load
resistor. The results of the data logger and manual measurements indicated an insignificant difference. The manual
measurement was conducted every hour, from 09.00 — 16.00. The maximum differences for voltage, PV output current,
pyranometer voltage, and ambient temperature are 0.89 V, 0.0007 A, 0.00014 V, and 0.250C, respectively.

Keywords: Photovoltaic; Data Logger; Alternative Energy

Introduction

The growing demand for energy and the scarce supply of fossil fuels has resulted in more intensively exploring
alternative energy. Among these alternative energy sources, solar energy is one of the most abundant, clean, and
renewable energy sources available. One of the uses of solar energy is photovoltaic (PV). This PV system is a
sustainable solution in solving the problem of energy scarcity. The performance of this PV is highly dependent on
environmental conditions, location, and conditions of the PV [1]

In tropical areas, the use of PV is more potential than other renewable energy sources [2]. According to NASA,
in Indonesia, the sun's intensity reaching the surface is 5.5 kWh/m2 per day. However, the intensity of the sun
arriving at the PV surface is highly fluctuating [3]. In addition, panel temperature, shading, and dust can affect the
performance of the PV system [4]. The annual energy loss caused by partial shading is about 10 — 20% [5]. PV
power losses can reach up to 70% in some locations due to soiling [6].

The evolution of renewable energy today, especially photovoltaic (PV), leads to the increasing use of PV. This
evolution is in the form of a price decrease, its impact on the environment, as well as an increase in lifespan and
efficiency [7]. The use of PV in the residential sector is currently growing in order to reduce the impact of fossil-
based energy. Currently, in Indonesia, PV has begun to develop, both on a large scale and household scale. In
tropical areas, the use of PV is more potential than other renewable energy sources [2]. According to NASA, in
Indonesia, the sun's intensity reaching the surface is 5.5 kWh/m2 per day. However, the intensity of the sun arriving
at the PV surface is highly fluctuating [3]. In addition, panel temperature, shading, and dust can affect the
performance of the PV system [4]. The annual energy loss caused by partial shading is about 10 — 20% [5]. PV
power losses can reach up to 70% in some locations due to soiling [6].

PV performance depends on environmental conditions, and the increasing use of PV makes the use of
monitoring systems important. However, most of these PV systems do not yet have a good monitoring and
maintenance system. The PV monitoring system provides information about the energy produced, converted,
temperature, and energy losses from the PV system. In addition, the monitoring system can also provide early
detection of disturbances and evaluate climate change [8]. The designation or several parameters that will be
monitored in the PV monitoring system can be determined in advance [9]. In a PV performance monitoring system,
knowing the monitoring parameters is essential. From previous studies on PV monitoring systems, the most decisive
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electrical and meteorological parameters on PV performance are solar intensity, PV and ambient temperature,
voltage, and current output from PV. In contrast, other parameters depend on the configuration. Generally,
photovoltaic (PV) system configurations are classified into stand-alone and grid-connected PV systems. The PV
system can supply both DC and AC loads, even though the output of the PV is DC. PV systems can also be linked to
energy storage systems and other energy sources.

The PV monitoring system consists of several sensors that provide information to the signal conditioning unit.
This unit consists of a microcontroller that sends its output to a Personal Computer (PC) in real-time using a
particular protocol. Some of the usually used sensors are current sensors, voltage sensors, solar radiation sensors,
temperature sensors, anemometer sensors (wind speed), and humidity sensors. Generally, the PV monitoring system
consists of 3 stages. First, the stage of reading data by sensors, second, entering the data processing stage and
temporary data storage in the data logger, and third, the stage of data storage. Either on the cloud server or local
storage and data access by the user.

Many PV data loggers have been developed recently [10]-[13]. Commercial data loggers already offer web-
based functions. However, commercial PV data loggers also have drawbacks such as using a lot of energy, requiring
a lot of space for storage, and usually cannot be added or expanded if other functions are desired [9]. In addition to
commercial data loggers, there are many low-cost data logger developments where this can be created according to
the purpose and parameters needed.

In the study [14], the designed data logger only monitors the electrical output data from Photovoltaic and only
uses an SD card as storage. Meanwhile, in this proposed study, it has been developed to measure environmental
data, in this case, the temperature and intensity of the sun. Although the error from the proposed study is still larger
than in the study [14], the data is directly saved to the storage from the PC so that there are no limitations in storage.
In addition, the data can be directly presented in excel form. Furthermore, in the study [15], a PV data logger has
been developed using a microcontroller with SD card storage. In this study, in addition to PV electrical data, the data
logger has also been able to measure environmental data in the form of temperature and solar intensity. The highest
errors resulting from temperature and intensity measurements were 2.978% and 3.038%, respectively. In this
research, in addition to using PC storage, the errors generated for temperature and solar intensity are better, which
are 0.0795 and 2.41%.

Method
A. System Design

The data logger system used consists of a sensor as a reader of the output value of the PV (electrical quantity) and
a sensor that reads the state of the environment. The environmental conditions to be monitored are radiation intensity
and ambient temperature. The radiation intensity will be used by a pyranometer which will be connected to the
microcontroller directly through an amplifier circuit. Sensor readings are carried out with an analog to digital
converter (ADC) device that is already integrated into the minimum microcontroller system.

Figure 2. Design of data logger-based PV output logging system

In Figure 2, it can be seen that the first data processing is carried out by a sensor that reads the output value of
the PV in the form of temperature, electric current, and voltage. The output from the sensor is forwarded to the
analog-digital converter (ADC) contained in the Arduino module to be converted from analog data to digital data.
This data is then processed by the microcontroller and forwarded using serial communication to a PC which will
then be stored in the software in the operating system (OS). In this case, the software used is based on a database
stored on the PC. The data stored is in the form of an excel file to be processed into the only values data or in the
graphical form.

Besides the current and voltage values, this tool also uses a light intensity sensor, which is a pyranometer to
detect and read how much light intensity is exposed to the photovoltaic. The value read by the pyranometer is then
forwarded to the ADC pin on the Arduino module. This will then serve to convert the analog signal input from the
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sensor into a digital signal. The microcontroller contained in the Arduino, in this case, is the Atemega 328
microcontroller. This microcontroller has an Analog pin that can function as an Analog to Digital Converter (ADC).
This pin can function as an ADC circuit, and it's just that with this analog pin, the tool does not require an additional
circuit such as an ADC circuit. The series of data logger-based PV output recording devices can be seen in Figure 3.
This circuit is connected to a load in the form of a 1 kOhm resistor.

Figure 3. A series of data logger-based PV output recording tools

In measuring light intensity, this research used a pyranometer brand Kip & Zonen, with a sensitivity of 13.11 x
10-6 V/W/m2. The measurement output from the pyranometer is still in the form of voltage. To get it in the form of
intensity, the measured voltage is divided by the sensitivity of the pyranometer. The conversion from voltage to
intensity can be seen in equation (1).

Intensity = rated voltage (V) / 13,11¥10° W/m? )

Data logger measurements are carried out in real-time per 20 seconds. The hourly measurement will be
validated by manual measurement using a conventional avometer. Measurements from the data logger will be
averaged every hour, then compared with manual measurements. This applies to electrical output data in the form of
PV output voltage and current and environmental data in the form of temperature and intensity. This measurement
was carried out from 08.00 — 16.00.

B. Research Flow

The research was carried out by observing the literature and references obtained and then conducting
experiments on the developed design concept. The research flow and flowchart of the tool's work process can be
seen in Figures 4 and Figures 5. Similar to the measurement of PV electrical output by a data logger, measurements
of environmental conditions, which is the temperature, and radiation intensity, are carried out every 20 seconds.

Start
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Data collection sensor value
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Data is converted from analog
to digital data

System Test

Conclusion Results *
| Data Sent to PC |
End
Figure 4. Research flow Figure 5. Flowchart of tool work
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Results and Discussion

From the data logger that has been designed and built, the data has been successfully collected. The data
recorded by the data logger is compared with manual measurements using an Avometer, which are the voltage,
current, temperature, and intensity data. At the same time, the temperature data is compared with the thermocouple.

The data logger records every 20 seconds, but validation with manual measurements is carried out once an
hour, starting from 09.00 - 16.00. The measurement results indicate voltage and current are accurate, but there are still
insignificant differences. The difference in PV output, voltage, and current can be seen in Table 2. The table shows
that the maximum difference in voltage and current is 0.89 volts and 0.0007 A, respectively.

Table 2. Comparison of PV electric output measurements using a data logger and avometer

N Difference between
. Short Circuit
Open Circuit data logger and
Current PV
Collect Voltage PV (Volt) avometer
No . (Ampere)
time measurements
Data Data Voltage Current
Avometer Avometer g
log log
1. 09.00 11.20 11,69 0.011 0.011 0.49 0.0002
2. 10.00 12.06 12,63 0.012 0.012 0.57 0.0001
3. 11.00 13.08 13,45 0.013 0.013 0.37 0.0001
4. 12.00 14.65 15,45 0.014 0.014 0.80 0.0002
5. 13.00 16.77 17,66 0.017 0.017 0.89 0.0002
6. 14.00 18.27 18,67 0.019 0.018 0.40 0.0005
7. 15.00 17.97 18,78 0.019 0.018 0.81 0.0007
8. 16.00 15.88 15,89 0.016 0.016 0.01 0.0001

For environmental data in the form of ambient temperature and solar intensity, it can be seen in Table 3.
From table 3 it can be seen that the maximum difference from intensity measurements using a data logger and
avometer is 0.00014 V. When converted to intensity units, it is equivalent to 0 .000014/13.11x10-6 W/m2 or equal to
10.61 W/m2. Then, for the ambient temperature, the biggest difference is 0.250C.

Table 3. Comparison of environmental data measurements using a data logger and avometer

Open Circuit Ambient temperature Dllfference l()letween tdata
Collect Voltage PV (Volt) ©C) ogger and avometer
No time measurements
Data Sun Ambient
Avometer | Data log | Termokopel | . .
log intensity | temperature
1. 09.00 0.0054 0.0053 28.07 28.08 0.00010 0.01
2. 10.00 0.0059 0.0058 29.21 2931 0.00014 0.10
3. 11.00 0.0121 0.0120 30.69 30.71 0.00012 0.02
4. 12.00 0.0133 0.0132 31.77 31.52 0.00007 0.25
S. 13.00 0.0141 0.0140 33.15 33.15 0.00011 0.00
6. 14.00 0.0082 0.0081 32.11 32.23 0.00007 0.12
7. 15.00 0.0079 0.0080 31.53 31.55 0.00011 0.02
8. 16.00 0.0074 0.0075 30.98 31.12 0.00008 0.14

The graph of the comparison of measurements between the data logger and manual measurements can be
seen in Figure 6 (a) for voltage, Figure 6 (b) for current, Figure 6 (c) for intensity, and Figure 6 (d) for solar
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Figure 6. Comparison of data logger measurements with manual measurements (a) PV output voltage; (b) PV
output current; (c) ambient temperature; and (d) pyranometer voltage.
Conclusion

From the comparison results between measurements made using a data logger and manual measurements, both
for PV output voltage, PV output current, ambient temperature, and solar intensity, it can be concluded that the
design of this tool has been successful. This can be seen from the maximum difference between measurements with
data loggers with manual measuring instruments (avometer for PV output voltage, PV output current, pyranometer
output voltage, and thermocouple for ambient temperature) is already small. The maximum difference for the
measurement of PV output voltage, PV output current, pyranometer output voltage (solar intensity), and ambient
temperature are 0.89 V, 0.0007 A, 0.00014 V, and 0.250C, respectively.
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