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Abstract— AC microgrid solar power plants can be used as
an alternative to overcome the problem of unevenly
distributed electricity demand in Indonesia. Prior to
implementation, a model or prototype is required to test
and provide insights about the solar power plant's
functionality as an electric energy generator. The aim of this
research was to develop a solar power plant for AC loads
and assess the performance of AC Microgrid solar power
plants using an Off-grid system. The test results lead to the
conclusion that the efficiency of the AC Microgrid solar
power plant with the Off-grid system is highly dependent on
the intensity of solar radiation, whether it is high or low,
striking the panel. The solar panel efficiency ranged from a
maximum of 5.54% to a minimum of 4.16%, while the
system efficiency varied between a maximum of 8.65% and
a minimum of 7.95%.

Keywords: Prototype, Solar Power Plant, AC Microgrid,
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I. Introduction

Energy stands as a fundamental human requirement,
steadily escalating alongside the standard of living.
Within the realm of fulfilling national energy demands,
fuel oil maintains a highly influential position [1]. The
rising energy demand has led to a reduction in Indonesia's
oil production, attributed to both natural decline and
diminishing reserves. Amidst the ongoing energy crisis,
the idea of diversifying energy sources has emerged,
aiming to develop alternative sources for meeting
domestic energy consumption [2]. The development of
renewable energy sources must be prioritized, as the role
and price of fuel continue to rise and escalate, making
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them an essential substitute for sustainable energy
providers [3, 4].

Solar energy, a renewable resource, is abundant in
Indonesia due to its equatorial location. The country
enjoys ample solar energy availability, boasting an
average solar radiation intensity of approximately 4.8
kWh/m? per day across its entire expanse. With the
abundance of untapped solar energy resources, coupled
with the fact that some regions in Indonesia remain un-
electrified due to their inaccessibility to the national
power grid (PLN), Solar Power Plants emerge as a viable
solution to be considered as an alternative electricity
generation method [5, 6].

The utilization of solar power technology as an
alternative energy source to meet electricity needs takes
the form of a Microgrid. The microgrid itself can be
elucidated as an integrated electrical system within a
confined area, incorporating distributed power sources
[7]. Presently, numerous microgrid installations are
dispersed throughout Indonesia, with one notable
example located on Tomia Island. This island employs the
microgrid concept, amalgamating a Diesel Power Plant
with Solar Power Plant, boasting a substantial capacity of
75 KWp [8]. In the research [9], the application of a smart
microgrid system in a campus area is presented. The
research [10] explores the implementation of Microgrid
Systems in remote areas.

Considering this description, the implementation of a
laboratory-scale microgrid becomes imperative to assess
the system's performance and establish it as a valuable
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learning tool. This research introduces a prototype of a
microgrid AC solar power plant integrated with an off-
grid system.

1. Methodology

2.1. Component Design
1. Determining Daily Energy Requirements

The initial step involves calculating the daily energy
needs. In this study, the cumulative energy demand is
established at 660 Wh, equivalent to 0.66 kWh.

2. Calculating peak power and solar modules
The peak power (KWeax) of solar photovoltaic (PV) is
provided as follows:
KW eak = KWh : daily irradiation (1)
=0.66:5.1=0.129 kWp
This value needs to be increased by 15-25% to account
for system losses, resulting in a peak power of 0.379 kWp
after the system is added

3. Counting the number of solar panels
PV = Solar module peak power (total Wp) (2)
Wp modul
_ 379

- = 2,5
150

= 3 Pcs

4. Calculating energy and battery requirements

Battery Capacity =12 Volt
DoD =80 %
Autonomy =1 Hari
Current per Hour =100 Ah
Batt = Ttotal electricity demandx 1 (3)
Dod xVs
=201 ~68.75 Ah
0.8 X12
. ., _68.75A4h _ _
Number of batteries required = Y 0.68 or = 1 pcs.
5. Selection of inverters
Pinv = Wnax + (25% X Wmaks) (4)
=660 + (25% x 660)

= 825 Watt

6. Calculating Solar Charge Controllers
Psec = lsc X Number of Panels (5)
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=919Ax3
=2757= 30A

7. Calculating PV Slope
In the process of constructing solar panels, precision is
essential when calculating the angle of inclination for
optimal sunlight exposure. The orientation and tilt of the
solar panels at coordinates 5.12° south latitude and
119.48° east longitude, determined using the formula
provided in equation 6, are as follows:
a=05-—lat (6)
=23.45°-5.12°
=18.33°

2.2. Testing Procedure

The testing procedure comprises four main steps: the
no-load test, the loaded test, the loaded battery test, and
the efficiency test. The prototype system's configuration
is illustrated in Figure 1 below.

Figure 1. System Prototype

1. Load testing procedure
1) Installing and assembling solar panels, panel
boxes and loads for testing.
2) Turn on the light load switch and turn on the fan.
3) Record the measurement results into the
observation table.
The parameters to be measured are:
a. Solar radiation intensity, Ir (Watt/m"2)
b. Solar panel output voltage, V (Volts)
c. Solar panel output current, | (Ampere)
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Battery input voltage, V (Volts)

Battery input current, | (Ampere)

Inverter input voltage, V (Volts)

Inverter input current, I (Ampere)

AC Load Voltage, V (Volts)
i. AC load current, I (Amperes)

4) Analyze the results of observations.

5) Make conclusions about the tests that have been
carried out.

6) Testing completed.

S@ o a

Figure 2 shows a load test.

Figure 2. Load testing

2. Loaded battery testing procedure
1) Installing and assembling box panels and loads
for testing.
2) Activate the light load switch and turn on the fan.
3) Record the measurement results into the
observation table.
The parameters to be measured are:
a. Battery Output Voltage, V (Volt)
Battery Output Current, | (Ampere)
Inverter input voltage, V (Volt)
Inverter input current, | (Amperer)
AC Load Voltage, V (Volt)
. AC load current, | (Ampere)
4) Analyze the results of observations.
5) Make conclusions about the tests that have been
carried out.
6) Testing completed.

o0 o
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Figure 3 shows the control circuit for testing a loaded
battery.

Figure 3. Loaded Battery Testing

3. Procedure for testing the efficiency of solar panels

1) Installing and assembling shear resistance,
voltmeter and ammeter for testing.
2) Record the measurement results into the

observation table.

The parameters to be measured are:
a. The intensity of solar radiation, Ir (Watt/m?)
b. Solar panel output voltage, V (Volt)
¢. Solar panel output current, I (Ampere)
d. Shear resistance voltage, V (Volt)
e. Shear resistance current, | (Ampere)

3) Analyze the results of observations.

4) Make conclusions about the tests that have been
carried out.

5) Testing completed.

Figure 4 shows the test control circuit.
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Figure 4. Solar Panel efficiency testing
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2.3.Data Analysis Techniques
The data analysis technique is derived from the
equations that will be employed in the following manner:
- Calculate the input power of solar panels using the
formula in equation 7.
Pin=1Irx A @)
With:
Pin = Solar panel input power, (Watt)
Ir = The intensity of solar radiation, (Watt/m?)
A = Solar panel area, (m?)

- Calculating the output power of solar panels using the
formula in equation 8.
Pout=V x| (8)
With:
Pout = Solar panel output power, (Watt)
V = Voltage, (Volt)
I = Current, (Ampere)

- Calculating the efficiency of Solar Panels using the

formula in equation 9.
__ Pout

Moy =—— X 100% €)]

With:
npv = Solar panel efficiency, (%)
Pou = Solar panel output power, (Watt)
Pin = Solar panel input power, (Watt)

- Calculating Inverter efficiency using equation 10.

M=~ 5 100% (10)
Dimana :
nv = Inverter efficiency, (%)
Poutinv = Inverter output power, (Watt)
Pin = Solar panel input power, (Watt)

- Calculating system efficiency using equation 11.
_ Pout batt+Pout Inverter

Nsys = PIn x 100% (11)

With:
nsys = system efficiency (%)
Pou-sat = Battery output power, (Watt)
Poutinv = Inverter output power, (Watt)
Pin = Solar panel input power (Watt)
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1. Results and Discussion

This test is conducted to determine the operational
functionality of the constructed circuit. The test is
performed in three distinct phases. In the first phase, the
battery is charged from morning until afternoon.
Subsequently, the charging process is immediately
followed by applying a load to the circuit with electrical
components. Lastly, the battery is promptly discharged
right after charging until the reminder indicator, which is
the buzzer, activates to signal a low battery condition.
Prior to commencing the test, the output of each
component is linked to the panel box to facilitate the
reading of the measured parameters. This test is
conducted with the objective of assessing the output
power produced by each utilized electrical component.

3.1. No-load testing

Figure 5 illustrates the performance of the no-load test.
The test outcomes exhibit a graphical pattern
characterized by an increasing or directly proportional
trend. As the intensity of solar radiation generated rises,
the voltage value across the solar panel correspondingly
increases. This phenomenon is attributed to the fact that,
during this test, the solar panel charges the battery without
any connected load.

15
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Vpv (V)

135
13

125
720 798 991 983 989 954 937 873

Ir (W/m2)

Figure 5. Relationship Between Solar Radiation Intensity and
Panel Voltage

The peak radiation intensity reaches its maximum at 991
W/mz2 around 11:00 WITA. Conversely, the lowest solar
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intensity recorded is 720 W/m? at 10:00 WITA. The
highest panel voltage reading is 14.5V at 13:30 WITA,
while the lowest panel voltage is 13.2V at 10:00 WITA.

3.2. Load Testing

Figure 6 depicts the correlation between solar panel
efficiency and time. The test outcomes indicate that the
peak solar panel efficiency is achieved at 12:30 WITA,
reaching 5.54%, whereas the lowest efficiency is
observed at 11:30 WITA, measuring 4.16%. This
fluctuation occurs due to the influence of weather
conditions: solar cell efficiency tends to rise during sunny
periods and decline during cloudy conditions. The trend
chart clearly illustrates the oscillation in efficiency,
attributed to the alternation between sunny and cloudy
weather patterns.
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Figure 6. The Relationship Between Solar Panel Efficiency and
Time

Figure 7 illustrates the connection between solar
radiation intensity and panel input power. As evidenced
by Figure 7, there exists a direct correlation between the
intensity of solar radiation and the value of solar panel
input power: higher solar radiation intensity corresponds
to greater input power, and conversely, a decrease in solar
radiation intensity leads to a decrease in the solar panel's
input power. The most noteworthy solar radiation
intensity recorded is 945 W/mz2, aligning with an input
power measurement of 2811.19 Watt. Similarly, the
lowest recorded solar radiation intensity is 864 W/mz,
corresponding to an input power value of 2570.23 Watt.
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Figure 7. Relationship Between Solar Radiation Intensity and
Panel Input Power

Figure 8 demonstrates the correlation between AC
load current and time. The graph exhibits a consistent load
current of 0.46A from 10:00 WITA to 15:00 WITA. This
constancy is attributed to the consistent load
configuration employed, consisting of two 25 Watt
incandescent lamps, two 10 Watt incandescent lamps, and
one 5 Watt incandescent lamp, summing up to a total load
of 75 Watt. As a result, the AC load current remains
unchanged throughout the specified time interval.
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Figure 8. Relationship Between AC Load Current and Time

Figure 9 portrays the connection between voltage and
current. The graphical pattern exhibits an upward trend,
indicating that as the V. voltage increases, the battery
current (Ipa) also increases, and conversely, a decrease in
V¢ Voltage corresponds to a reduction in battery current.
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The peak Ve voltage registered is 240 V, accompanied by
a battery current (Ibatt) of 10.8 A. Conversely, the nadir
Vac Voltage observed is 219 V, coinciding with a battery
current of 10.2 A.
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Figure 9. Vg voltage relationship to lpar current

Figure 10 shows the relationship between battery
voltage (Voar) and time. The graph shows a downward
trend, where the longer the battery is used (loaded), the
battery voltage (Vwa) Will decrease. The highest value for
battery voltage is 12.31V at 18.50 WITA and the lowest
value is 11.22V at 22.30 WITA.
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Figure 10. The relationship between battery voltage (Vbar) and
time
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Iv. Conclusion

Based on the test results, it can be deduced that the
efficiency of the Microgrid AC solar power plant
employing the Off-grid system exhibits a strong reliance
on the intensity of solar radiation received by the panel.
The highest recorded solar panel efficiency occurs at
12:30 WITA, reaching 5.54%, while the lowest solar
panel efficiency is noted at 11:30 WITA, amounting to
4.16%. Furthermore, the overall system efficiency
follows a similar pattern. The maximum system
efficiency of 8.65% is observed at 15:00 WITA, while the
minimum system efficiency of 7.95% is registered at
10:00 WITA. These findings underscore the impact of
solar radiation intensity on the performance of the
Microgrid AC solar power plant, particularly within an
Off-grid system configuration.
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