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1. INTRODUCTION

Kalimantan Island is one of the islands in Indonesia which has excellent potential for the development
of new renewable energy based on solar power, namely solar power plant because the island is crossed by
the equator so that the potential of the sun is environmental and economic [1, 2]. Penajam Paser Utara Regency
is a regency in the province of East Kalimantan, Indonesia [3]. The capital city is located in Sharpeners. This
regency still needs electricity for daily survival, one of which is in the village of Waru Tua. This area is
significant to install a solar power plant, especially in the dock area because the livelihoods of Waru villagers.
Overall, only supporting ships, is also the main requirement for fishers, especially for fishers in the village of
Waru Tua for activities at night [4]. At present, the condition of the Waru Tua pier still lacks in lightings, such
as street lighting and the pier at night, as well as for other needs. Solar power plants can meet the electrical
energy needs of the community at the Waru Tua pier [5, 6]. The construction of the solar power plant at
the Waru Tua pier will use the MATLAB application to analyze the potential of sunlight in Waru Tua, and
the measuring device used as a light intensity gauge is a Lux meter [7, 8]. The future development of this solar
power plant is expected to be able to be used as a source of electricity to meet the needs of the community in
the area, such as household electricity, street lighting at night, for charging ship batteries, for charging batteries,
as well as for communication the other [9, 10].
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a. Solar power plant

Solar power plant is a power supply (a device that provides power) and can be designed to supply
small to significant electricity needs, during the day the solar panel receives sunlight which is then converted
into electricity through the photovoltaic process, electrical energy produced by the sun the panel can be directly
channeled to a load or stored in a battery before it is used for loading [11, 12] refer to Figure 1.
b. Solar cell

Solar cell is a device or component that can convert light energy into electrical energy using
the principle of the photovoltaic effect [13] refer to Figure 2. Therefore, solar cells are often referred to as
photovoltaic cells (PV). Electric current arises because of the photon energy of sunlight it receives successfully
liberating electrons in the semiconducting relationship type N and type P to flow [14]. Just like a photodiode,
this solar cell also has positive and negative legs that are connected to a circuit or device that requires an energy
source [15]. At present, many have applied this solar cell device to a variety of uses. From electricity sources
for calculators, toys, battery chargers to power stations and even as a source of electrical energy to move
the satellites that orbit our earth [16].
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Figure 1. Installation solar power plant Figure 2. Detail of solar cell

c¢. Current-voltage (I-V) curve

A performance curve called the I-V curve characterizes the module output characteristics [17].
I-V curve shows the relationship between current and output voltage, where I represent the measurement of
current and V represents the measurement of voltage [18]. Voltage plot (V) along the horizontal axis. The plot
(D) is currently on the vertical axis. I-V curve is assessed in standard test conditions (STC) [19, 20]. STC is
considered 1000 square watts of radiation or one hour of a solar peak, cell temperature 25 degrees Celsius, and
1.5 Spectral ATMs. There are four variables to carry out how to read an I-V curve, and you undertake
the relationship between the voltage maximum power (Vmp), current at maximum power (Imp), voltage open
circuit (Voc), and short circuit current (Isc) [21].

—  Maximum power point (Vmp and IMP)

On the I-V curve, the maximum Vmp point and Imp are the operating points, where the maximum output
or output produced by the solar cell panel during operational conditions. In other words, VPM and Imp can be
measured when the solar panel is loaded at 25 degrees Celsius and radiation is 1000 watts per square meter [22].

— Open circuit voltage (Voc)

Open circuit voltage Voc is the maximum voltage capacity that can be achieved when there is no current.
On the I-V curve, Voc is 21 volts. Power when the Voc is 0 watts. Voc solar cell panels can be measured in the
field in a variety of circumstances. When testing the voltage with a digital multimeter from the positive terminal
to the negative terminal. Open circuit voltage (Voc) can be measured in the morning and evening [23].

—  Short circuit current (Isc)

Short circuit current Isc is the maximum output current from the solar cell panel that can be issued
(output) below with no resistance or short circuit. The curve I-V above shows an estimated current of
2.65 amperes. The power at Isc is 0 watts. Short circuit current can be measured only when making direct and
positive terminal connections from the solar cell panel module.

2. RESEARCH METHOD
2.1. Research scope
The scope of the study is limited to "Application of MATLAB in Analyzing the Development of solar
power plants in Waru Tua," namely:
— Light intensity analysis using a Lux meter with Lux units.
— Analysis of the potential of solar power plant construction at the Jetty in Waru Tua Village using the MATLAB
application.

Potentials of solar power plant in Waru Tua (Ain Sahara)
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2.2. Research tools and materials
Analysis of solar power plants construction in Waru Tua, using several tools, and the main constituent
components, and supporting, as follows: Lux meter suche, Lux meter krisbow, MATLAB applications, and laptops.

2.3. Research and data collection flow chart

A research flow chart is a procedure for conducting research in which the procedure starts from
the study of literature to make a report or conclusion of the research. Figure 3 is an example of a research
flow chart, and the method of analysis carried out during the study takes place in the data collection display in

Figure 4. In Figure 3, the research flow chart starts from:

—  The literature study discusses the underlying theory.

— Data collection is carried out three (3) times a day, ie at 09.00, 12.00, 03.00. The place of data collection
is done at Waru Tua Village Pier. Waru Kab. North Paser Sharpeners.

—  Testing the data of sunlight intensity then made with the design method using the MATLAB application.

—  Ifthe test data is suitable, then the design simulation design will be made with the MATLAB and Simulink
applications and if the results are not appropriate, then the data will be retrieved again.

— Analysis and conclusions that the Waru Tua Pier has an excellent potential for solar energy sources and is
feasible to make solar power plants to meet the needs that exist in the Waru Tua Village Pier or not.

The following is an explanation of the data collection flow chart in Figure 4:

— "Start" is used to start a process that will be done.

—  Then assembling the solar cell system and measuring devices using sensors.

—  Furthermore, testing the solar cell system when charging the battery.

— There are two first processes when testing a solar cell system by the procedure, and the measurement
analysis data of voltage, current and temperature detected by the sensor are by the standards of measuring
devices such as digital multimeters so the data can be analyzed.

—  Whereas the second process, if in this solar cell system test, the solar cell does not operate properly and
the measurement of voltage, current and temperature that the sensor reads does not match the digital
multimeter measuring instrument standards, this solar cell system testing must repair the sensor circuit
and calibration.

— Voltage, Current, and Temperature measurements are carried out for five experiments, and data retrieval
is taken every one minute.

— "Completed" in the data collection flow chart indicates the end of the process that has been carried out.
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3. RESULTS AND ANALYSIS
3.1. Light intensity measurement results

The following are the results of the data collection diagram that I did from March 13-April 15, 2019,
in the village of Waru Tua. Based on Figure 5 shows that the average level of results from the light intensity
data is 90,000 Lux. It can be concluded that the solar energy in the Waru Tua Pier is very capable of being used
as an energy source for solar power plants. The standard light intensity data to be utilized is 80,000 Lux, and
if the resulting data is less than 80,000 Lux, then the area is not suitable for the use of solar energy. Because
the data in Figure 5 shows an average figure of 90,000 Lux, it is very potential energy that can be utilized to
be used as a source of solar power at Waru Tua's pier [24].

140000

120000

100000

40000

20000

0+ T T T T T T T T T T T T T T T T 1
1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 37 89

Figure 5. Light intensity measurement results

3.2. Solar power plan simulation using MATLAB

The following is a series of designs of solar power plant design Simulation with MATLAB application
as follows in Figure 6. The series in Figure 6 is a series of solar power plants design simulation using
the MATLAB application. In the application, the researcher uses the Simulink feature [25]. The solar power
plants design simulation work system is the installation of solar cells that are installed totaling 64 solar cells.
Then in the circuit, there are several main components namely the current sensor and voltage sensor whose
function is to detect the current and voltage generated from the installed solar cell [26]. After that, the current
will pass through a resistor whose function as a regulator in limiting the amount of current flowing in
the circuit, and then the resistor is connected with a converter that serves to change the AC into DC [27].
In the circuit system, there is an Electrical Reference whose function is to protect against leakage or
overloading. Electricity will flow directly to the ground, then enter the Solver Configuration whose function is
to set the tolerance on Simulink [28]. Table 1 is a set of solar cell simulations used in the trial as follows.
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Figure 6. Solar power plant series
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Table 1. Simulation of solar cells on Simulink

Variable Solar Cell  Irradiance (Lux) Label
100WP 1038.85 currentl, powerl, voltagel
794.74 current2, power2, voltage2
641.48 current3, power3, voltage3
507.97 current4, power4, voltage4
260.463 current5, powerS, voltage5
78.131 current6, power6, voltage6
150WP 1038.85 current7, power7, voltage7
794.74 current8, power8, voltage8
641.48 current9, power9, voltage9
507.97 current10, powerl0, voltage10
260.463 currentl 1, powerl 1, voltagel1l
78.131 currentl2, powerl2, voltagel12
200WP 1038.85 currentl3, powerl3, voltagel3
794.74 current14, powerl4, voltagel4
641.48 currentl5, powerl$5, voltagel5
507.97 currentl6, powerl6, voltagel6
260.463 currentl7, powerl7, voltagel7
78.131 currentl8, powerl8, voltagel8
250WP 1038.85 current19, powerl9, voltagel9
794.74 current20, power20, voltage20
641.48 current21, power21, voltage21
507.97 current22, power22, voltage22
260.463 current23, power23, voltage23
78.131 current24, power24, voltage24

3.3. Solar cell circuit

The following series of solar cells used in the solar power plant design simulation is as follows in
Figure 7. So, in Figure 7 is a series of solar cells totaling 64 solar cells. The series of solar cells are arranged
in parallel with the dimensions of the pier in the location of Desa Waru Tua which has a length of 16 M and

a width of 4 M, so with a large pier dimension so that 64 solar cells are very likely to be installed [29].
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Figure 7. Solar cell circuit

3.4. Curve characteristic results

The following are the results of the curve characteristics in the design simulation of solar power plants
at the Pier using the MATLAB application as follows:
— 100Wp voltage and power characteristics

Figure 8 is the result of a trial using a 100 Wp solar cell. The experiment was carried out six times,
with different light intensity radiation from the largest to the smallest data. Maximal power generated from
solar cells installed 6.4 kW, while the minimum power or the lowest to below 1 kW. Then the maximum
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voltage results up to 90 volts and the minimum voltage is approximately 70.5 volts. From Figure 9 is the result
of the 100 Wp voltage-current characteristic curve. The resulting maximal current yields approximately
100 amperes and the minimum current is up to 8 amperes, tested with varying solar intensity radiation. Then
the maximum voltage results are 90 volts and the minimum voltage results are approximately 70.5 volts.
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Figure 8. Voltage-power characteristic curve with 6.4 kW
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Figure 9. Voltage-current characteristics curve with 6.4 kW

— 150Wp voltage and power characteristics

The following are the results of the 9.6kW voltage-power characteristic curve in Figure 10, tested six
times with radiation data of different light intensities from the highest to the lowest resulting in a maximal
power of 9.6 kW and a minimum power of approximately 1 kW. While the maximum voltage generated is
90 volts and the minimum voltage is approximately 75 volts. Figure 11 is the result of the 9.6 kW
voltage-current characteristic curve. They are tested six times with radiation data of different light intensities
from the highest to the lowest, resulting in a maximum voltage of 90 volts and a minimum voltage of
70.5 volts. While the maximum current generated is 100 amperes and a minimum of 20 amperes.
—  Power-voltage and voltage-current characteristics of 200 Wp

Results of a 12.8 kW voltage-power characteristic curve, the trial was carried out six times with
radiation data of different light intensities from the highest and the lowest. The maximum power produced is
12.8 kW and minimum power is up to 1 kW. Then the maximum voltage generated is almost 140 volts and
a minimum voltage of 120 volts which display in Figure 12. Figure 13 is the result of the voltage-current
characteristics curve of 12.8 kW, then tested six times with different light intensity radiation data. The resulting
current is maximal 120 kW and the minimum current is approximately 10 amperes. The resulting voltage is
a maximum of 140 volts and the minimum voltage is up to 120 volts.

Potentials of solar power plant in Waru Tua (Ain Sahara)
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— Power and voltage voltage current characteristics of 250 Wp

Results of a 16-kW voltage-power characteristic curve, then tested six times with radiation data of different
light intensities from the highest to the lowest. The maximum power produced is 15 kW and the minimum power is
1 kW. The resulting voltage is a maximum of 140 volts and the minimum voltage is 120 volts which display in
Figure 14. Results of a 16-kW voltage-current characteristic curve, tested six times with different light intensity
radiation data. Then the resulting current is maximal 120 amperes and the minimum current is up to 30 amperes.
The resulting voltage is a maximum of 140 volts and the minimum voltage is 120 volts which display in Figure 15.
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Figure 10. Voltage-power characteristics curve with 9.6 kW
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Figure 12. Voltage-power characteristic curve with 12.8 kW
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Figure 15. Current-voltage characteristic curve with 16 kW

4. CONCLUSION
From the analysis of the simulation results of solar power plants using Simulink on the MATLAB
application, it can be concluded that solar power plant simulations that can be applied at Waru Tua pier using
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64 solar cells installed in parallel, and simulations performed on MATLAB Simulink using four variations of solar
cell power quantities, namely 100 Wp, 150 Wp, 200 Wp, and 250 Wp with each power produced as follows:
100 Wp= 6.4 kW, 150 Wp=9.6 kW, 200 Wp = 12.8 kW, and 250 Wp = 16 kW. Based on these results, the capacity
of 250 Wp solar cells can be used for public electricity needs as many as 17 housing units with an average power
usage per house of £ 900 W. In the future socialization can be carried out to the community in the Waru Tua Pier
related to the development of solar electricity and its benefits to meet the electricity needs in the area.

ACKNOWLEDGEMENTS
Thank you to the campus community who provided laboratory facilities, and provided support for
the manufacture of this tool.

REFERENCES

[1] L.H.M. Cicih and E. Herawandih, “The Impact of Micro-Scale Solar Power Supply for Rural Households, in Central
Kalimantan Province, Indonesia,” ASEAN J. Community Engagem., vol. 2, no. 2, pp. 265-280, 2018.

[2] T. Winarko, et al., “Cost-Benefit Analysis of PV Penetration and its Impact on the Frequency Stability: Case Study
of the South-Central Kalimantan System,” 2019 IEEE PES Innovative Smart Grid Technologies Asia, ISGT 2019,
pp. 1700-1705, 2019.

[3] Y. M. Cholily, A. In’am, S. Inganah, and M. M. Effendi, “The Learning of the Solar Cell Electricity among the
Students in Junior High School,” Energy Econ. Lett., vol. 6, no. 1, pp. 17-22, 2019.

[4] J.Fadil, et al., “Renewable Energy Analysis of Undeveloped Village Using Solar-Wind Hybrid Power System in the
Fishermen Coastal Village Using Homer,” Proc. of International Conference on NAMES, pp. 290-294, 2016.

[S] D. L. Popa, et al., “Design and simulation of a 10 MW photovoltaic power plant using MATLAB and Simulink,”
Proc.-2016 IEEE International Power Electronics and Motion Control Conference, PEMC 2016, pp. 378-383, 2016.

[6] P.lJaiswal, S. K. Srivastava, and K. B. Sahay, “Modeling and simulation of proposed 100 KW solar PV array power
plant for MMMUT Gorakhpur,” International Conference on Emerging Trends in Electrical, Electronics and
Sustainable Energy Systems, ICETEESES 2016, pp. 261-266, 2016.

[71 C. Berthod, R. Strandberg, G. H. Yordanov, H. G. Beyer, and J. O. Odden, “On the Variability of the Temperature
Coefficients of mc-Si Solar Cells with Irradiance,” Energy Procedia, vol. 92, pp. 2-9, 2016.

[8] R.Prakash and S. Singh, “Designing and Modelling of Solar Photovoltaic Cell and Array,” IOSR J. Electr. Electron.
Eng., vol. 11, no. 2, pp. 35-40, 2016.

[91] M. Catelani, L. Ciani, M. K. Kazimierczuk, and A. Reatti, “Matlab PV solar concentrator performance prediction
based on triple junction solar cell model,” Meas. J. Int. Meas. Confed., vol. 88, pp. 310-317, 2016.

[10] M. S. Hossain, N. K. Roy, and M. O. Ali, “Modeling of solar photovoltaic system using MATLAB/Simulink,” /9¢h
International Conference on Computer and Information Technology, ICCIT 2016, pp. 128-133, 2017.

[11] C. Ikedi, “Experimental Study of Current-Voltage Characteristics for Fixed and Solar Tracking Photovoltaics
Systems,” Recent Developments in Photovoltaic Materials and Devices, 2019.

[12] H. M. Amin and N. A. Mawlood, “A New species of the bee, Anthophora Latreille, 1803(Hymenoptera: Apidae)
from Kurdistan region-Iraq,” Kurdistan J. Appl. Res., vol. 2, no. 1, pp. 65-67, 2017.

[13] K. Shen et al., “CdTe solar cell performance under low-intensity light irradiance,” Sol. Energy Mater. Sol. Cells,
vol. 144, pp. 472-480, 2016.

[14] Q. Lietal., “Comparative study of GaAs and CdTe solar cell performance under low-intensity light irradiance,” Sol.
Energy, vol. 157, pp. 216-226, 2017.

[15] R. Galleano, ef al., “Results of the Fifth International Spectroradiometer Comparison for Improved Solar Spectral
Irradiance Measurements and Related Impact on Reference Solar Cell Calibration,” /EEE J. Photovoltaics, vol. 6,
no. 6, pp. 1587-1597, 2016.

[16] H. Wang and J. Shen, “Analysis of the Characteristics of Solar Cell Array Based on MATLAB/Simulink in Solar
Unmanned Aerial Vehicle,” IEEE Access, vol. 6, pp. 21195-21201, 2018.

[17] T.Khatib, A. Ghareeb, M. Tamimi, M. Jaber, and S. Jaradat, “A new offline method for extracting I-V characteristic
curve for photovoltaic modules using artificial neural networks,” Sol. Energy, vol. 173, pp. 462-469, 2018.

[18] T. Khatib, W. Elmenreich, and A. Mohamed, “Simplified I-V characteristic tester for photovoltaic modules using a
DC-DC boost converter,” Sustain., vol. 9, no. 4, 2017.

[19] M. A. Ghasemi, A. Ramyar, and H. Iman-Eini, “MPPT Method for PV Systems under Partially Shaded Conditions
by Approximating I-V Curve,” IEEE Trans. Ind. Electron., vol. 65, no. 5, pp. 3966-3975, 2018.

[20] L. Cojocaru et al., “Determination of unique power conversion efficiency of solar cell showing hysteresis in the I-V
curve under various light intensities,” Sci. Rep., vol. 7, no. 1, 2017.

[21] F.F.Muhammad, A. W. Karim Sangawi, S. Hashim, S. K. Ghoshal, I. K. Abdullah, and S. S. Hameed, “Simple and
efficient estimation of photovoltaic cells and modules parameters using approximation and correction technique,”
PLoS One, vol. 14, no. 5, 2019.

[22] M. Libra, V. Poulek, and P. Koufim, “Temperature changes of I-V characteristics of photovoltaic cells as a
consequence of the Fermi energy level shift,” Res. Agric. Eng., vol. 63, no. 1, pp. 10-15, 2017.

[23] B. Paviet-Salomon et al., “Accurate Determination of Photovoltaic Cell and Module Peak Power from Their Current-
Voltage Characteristics,” I[EEE J. Photovoltaics, vol. 6, no. 6, pp. 1564-1575, 2016.

TELKOMNIKA Telecommun Comput El Control, Vol. 18, No. 6, December 2020: 3266 - 3275



TELKOMNIKA Telecommun Comput El Control a 3275

[24]
[25]
[26]
[27]
[28]

[29]

G. S. Reddy, T. B. Reddy, and M. V. Kumar, “A MATLAB based PV Module Models analysis under Conditions of
Nonuniform Irradiance,” in Energy Procedia, vol. 117, pp. 974-983, 2017.

A. H. Alj, H. S. Hamad, and A. A. Abdulrazzaq, “Performance investigation of grid connected photovoltaic system
modelling based on MATLAB simulation,” Int. J. Electr. Comput. Eng., vol. 8, no. 6, pp. 4847-4854, 2018.

B. P. Nayak and A. Shaw, “Design of MPPT controllers and PV cells using MATLAB Simulink and their analysis,”
2017 International Conference on Nascent Technologies in Engineering, ICNTE 2017 - Proceedings, 2017.

W. Shah and R. L. Biate, “Design and Simulation of Solar PV Model Using Matlab/Simulink,” Int. J. Sci. Eng. Res.
Vol. 7, Issue 3, March-2016 ISSN 2229-5518, vol. 7, no. 3, pp. 551-554, 2016.

T. Selmi and R. Belghouthi, “A novel widespread Matlab/Simulink based modeling of InGaN double hetero-junction
p-i-n solar cell,” Int. J. Energy Environ. Eng., vol. 8, no. 4, pp. 273-281, 2017.

A. Rai, B. Awasthi, A. Dixit, and C. K. Dwivedi, “Modeling of solar photovoltaic module and study parameter
variation effect using MATLAB/Simulink,” /ICCCCM 2016 - 2nd IEEE International Conference on Control
Computing Communication and Materials, 2017.

BIOGRAPHIES OF AUTHORS

Ain Sahara, I am born and raised in Balikpapan City on January 26, 1986. I am a lecturer in
the oil and gas electronics instrumentation engineering faculty at STT Migas Balikpapan.
The fields of science that they are involved in include digital engineering, and logic control
programs. The current research that is in the field is related to renewable energy, namely
the use of solar cells as alternative energy unified.

Riza Hadi Saputra is a lecturer in STT Migas Balikpapan which has focus in automation,
energy management (especially about battery or battery management system), and anything
connect with instrumentation. Concerning about solar power plant.

A. M. Miftahul Huda I am a lecturer at a private university in Balikpapan. The field of science
that I enjoy is Physics. I am a physicist with major studies in geophysics and hazard mitigation.
The research interests that I currently enjoy are research in the fields of Applied-Energy
Physics and simulation, Computational Physics, and Seismology.

Potentials of solar power plant in Waru Tua (Ain Sahara)



