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Abstract— The popularity of energy is getting higher as the
availability of fuel oil, and coal is running low and
environmental issues are getting stronger. Two potential
renewable energy sources in Indonesia are solar and hydro
energy. Utilization of solar and hydro energy can be carried
out simultaneously to serve small temporary electrical loads.
Therefore, this study designed a portable hybrid solar and
micro hydro power plant. The portable nature that is easy to
carry and move according to the needs is the novelty and
essential contribution of this research. This power plant, with a
maximum capacity of 1100 watts, can be used in open areas
with irrigation canals, ditches, or small rivers. Rice fields with
irrigation canals or small rivers are suitable locations for the
application of this power plant. In modern agriculture, it is
necessary to supply electricity for lights that are useful for
eradicating insect pests. Electrical energy can also be used to
pump water in rice fields. The designed hybrid power plant has
been tested in a natural environment. The test results have
shown adequate power plant performance as an essential
solution to supply small-scale electricity loads while promoting
environmentally friendly energy.

Keywords—Solar PV energy, hydro energy, hybrid system,
portable power plant

I. INTRODUCTION

Depleting fossil fuel reserves and increasingly vital
environmental issues are the causes of the increasing
popularity of renewable energy in recent times. The use of
fossil energy sources on a large scale, such as oil, natural
gas, and coal, is a severe threat facing the world today [1]-
[2]. The resulting impact is the decreasing availability of
fossil fuels and carbon emissions that cause environmental
damage [3]-[4]. Dependence on conventional or fossil energy
will not last long because it is expected to run out in the next
few decades, so it is necessary to switch conventional or
fossil energy to non-fossil energy, which is called renewable
energy sources [5]-[6]. Solar and hydro are two renewable
energy sources abundant in Indonesia [7]-[9]. This potential
should be utilized to develop power generation technology so
that dependence on fossil energy can be further reduced [10]-

[11].

In this research, the design and performance test of a
hybrid power plant based on micro-hydro and solar was
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carried out. This hybrid power plant utilizes irrigation canals
or small rivers located in the open so that the power plant can
utilize water and solar energy at the same time. The nature of
this hybrid power plant is portable, so it can be easily carried
and moved as needed. The need for electrical energy in rice
fields is one of the critical applications of this power plant.

Several studies related to micro-hydro and solar power
plants have been carried out by other researchers, which are
used as reference materials in the development of this
research, among the studies conducted by researchers in [12].
They conducted research on planning a grid-connected
hybrid power plant with a case study in Kebumen, Central
Java province, Indonesia. This research aims to plan a hybrid
power generation system model with the help of HOMER
software based on environmentally friendly renewable
energy as an alternative energy source to reduce the use of
fossil fuels. The method used in this research is the
descriptive method. The results of this study are the energy
production of the two plants, namely 1,301,169 kWh per
year, the lowest total NPC is -$941,597, the cost of
electricity generation (COE) is -$0,056/kWh with energy
production from full PV for one year.

In [13] and [14], research on the design and construction
of micro-hydro power plants for hybrid power plants based
on hydro and solar energy was conducted. This research aims
to determine and choose what components are used, the
power capacity, and the performance of the MHP system for
hybrid power plants based on water and solar energy. The
method used is to design and measure the electrical power
generated. The results obtained are that the MHP was built
with a measurable design discharge of 0.075 m3/s using a
generator with a capacity of 100V A, and the generator output
was measured using a load of 100 watts. The measurement
results obtained, the maximum power capacity of the
generator is 86 watts. The generator can only run for about 1
hour and then stop. This fact is caused by garbage
disturbance in the turbine.

In [15], the design of a portable micro hydro power plant
has been created. The purpose of this research is to become
research material for the construction of power plants in
irrigation canals, where the construction of power plants in
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irrigation canals can meet electricity needs in areas that are
difficult to reach. The method is to design and measure
variations in water discharge and electrical power produced.
The results show that the potential hydro power in irrigation
canals in Bantul is 179 watts. The research can be developed
with other renewable energy power plants such as solar or
wind power.

II. METHODS

In this study, the design and testing of a small hybrid
renewable power plant were carried out. The hybrid power
plant is based on hydro and solar power. The hybrid power
plant components consist of a hydro turbine and dc generator
with a capacity of 900 watts, two solar panels with a capacity
of 100 watt-peak each, a solar charge controller with a
capacity of 20 amperes, a battery with a capacity of 100 Ah,
an inverter with a capacity of 1500 watts, and an electrical
load. The electrical loads used are LED lights and electric
motors. This LED light load is intended to match the actual
application in the rice fields. In rice fields, this power plant
can be used to supply LED lights. This LED light serves to
catch insect pests that often attack rice fields. The electric
motor's load is intended to simulate if it is used to pump
water in rice fields. Figure 1 shows this study's small hybrid
renewable power plant schematic diagram.

DC Generator

Solar Panel

Hydro Turbine
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Fig. 1. Small hybrid renewable power plant schematic diagram.

Fig. 2. Testing of a small hybrid renewable power plant in an
irrigation canal
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Fig. 3. Location of a small hybrid renewable power plant testing
(source: Google Maps)

In order to test the performance of a small hybrid
renewable power plant, this study tested its performance in
the actual environment. The test location is in Tamantirto
village, Bantul, Indonesia. Figure 2 shows the situation of
testing a small hybrid renewable power plant in an irrigation
canal. Location of a small hybrid renewable power plant
testing was shown in Figure 3.

III. RESULTS AND DISCUSSION

The research results, which are direct experiments on the
actual environment, are described comprehensively in this
section. The research results described in this section include
solar energy potential, hydro energy potential, and hybrid
power plant performance, which includes solar panel output
voltage, dc generator output voltage at micro hydro
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Fig. 4. Solar illumination in location of a small hybrid renewable
power plant testing.

Figure 4 shows solar illumination in a small hybrid
renewable power plant testing location. The solar
illumination measured in lux was observed for six days.
Every day, observations started at 8 AM and ended at 4 PM,
with data collection intervals every hour. Observations, as
shown graphically in Figure 4, show that at 8 AM, the solar
illumination was 18,432 lux. Illumination at this time is the
lowest value obtained during the measurement because the
exposure to sunlight is still low in the morning. The highest
illumination was obtained at 11 AM, which was 104,345 lux.
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An hour later, the solar illumination decreased slightly
because the weather was rather cloudy at the time of
measurement. Furthermore, observations were made every
hour and ended with measurements at 4 PM. The results of
observations in the last hour obtained 32,213 lux.

The next step is to measure the flow rate of irrigation
water at the research site. The irrigation channel, the test
location for this hybrid power plant, comes from the Bedog
river in Tamantirto village, Bantul, Indonesia. In order to
obtain valid results, two measurement methods were carried
out. The two methods are manual measurement using a
stopwatch and a ping pong ball, and a flowmeter measuring
instrument. The water flow measured in m/s was observed
for six days. Every day, observations started at 8 AM and
ended at 4 PM, with data collection intervals every hour. The
results of measurements manually and using a flowmeter are
shown in Figure 5.
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Fig. 5. Hydro water flow in location of a small hybrid renewable
power plant testing.

Figure 5 shows differences in the results of measuring the
flow rate of irrigation water using the manual method and a
flowmeter. The measurements using a flowmeter obtained
data on the flow rate of irrigation water, which is relatively
constant, namely 0.514 m/s. Manually measuring the water
flow rate produces data that varies, from the first
measurement at 8 AM to 4 PM. The highest water flow rate
occurs at 8 AM, which is 0.490 m/s, while the lowest water
flow rate occurs at 2 PM, which is 0.473 m/s. Based on the
manual measurement data, the average water flow rate is
0.484 m/s.

This water flow rate data is essential information to
determine the water discharge in the irrigation canal, which
is the location of this research. The average water discharge
is 4.9325 m3/s. Based on this water discharge data, the
potential electrical energy that can be obtained from the
irrigation canal can be estimated.

The following procedure measures the output voltage of a
small hybrid renewable power plant. The output voltage of
solar panels and dc generators from micro hydro generators
is measured separately. The output voltage of the solar panel
of a small hybrid renewable power plant is shown
graphically in Figure 6. In contrast, the result of measuring
the output voltage of a dc generator from a micro-hydro is
shown in Figure 7.

Figure 6 shows that the output voltage of two solar panels
with a total capacity of 200 watt-peak varies from 8 AM to 4
PM. The lowest voltage occurs at 8 AM, 38.3 volts, while
the highest voltage occurs at 11 AM, which is 42.4 volts. The
output voltage of the solar panel after the 11 o'clock
measurement decreased according to the intensity of solar
light hitting the solar panel. This continued until the
afternoon. The results of the measurement of the solar panel
output voltage follow the solar illumination data, as shown in
Figure 4. The two solar panels used in this study are
connected in series so that the output voltage is the
accumulation of the output voltage of each solar panel.
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Fig. 6. The output voltage of solar panel of a small hybrid
renewable power plant.
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Fig. 7. The output voltage of dc generator of a small hybrid
renewable power plant.

In Figure 7, it can be seen that there are two sizes of
pulleys that are applied to the micro hydro turbine to rotate
the generator, namely pulleys measuring 100 mm and 45
mm. Similar to the measurement of the solar panel's output
voltage, the output voltage of the dc generator at the micro
hydro power plant is also carried out from 8§ AM to 4 PM
with a measurement interval of 1 hour. The measurement
results show that the generator output voltage using a 45 mm
pulley is higher than the generator using a 100 mm pulley.
This fact is caused by the rotation of the generator on the 45
mm pulley, which is faster than the 100 mm pulley. This
faster rotation results in a higher output voltage, as shown in
Figure 7. The highest output voltage with a 100 mm pulley is
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7.8 volts which occurs at 8 AM, while the lowest voltage
occurs at 2 AM, which is 6.9 volts. . This output voltage is in
line with manual water flow rate measurements, where the
higher the water flow rate, the faster the micro-hydro turbine
purists which result in a higher generator output voltage.
Corresponding results were obtained from voltage
measurements with a 45 mm generator pulley. The results of
the higher average voltage compared to the 100 mm pulley
generator are also shown in Figure 7. The highest voltage
was also obtained at 8 AM, 15.4 volts, when the water flow
rate was 0.490 m/s. Meanwhile, the lowest voltage was
obtained at 2 AM, which was 14.0 volts, at which time the
flow rate of irrigation water was 0.473 m/s.

Based on the results of this study, it can also be seen that
the average voltage produced by a dc generator using a 100
mm pulley for one day is 7.2 volts. This output voltage is
lower than that of a dc generator that uses a 45 mm pulley.
The average voltage using a 45 mm pulley is 14.8 volts. This
fact shows that the 45 mm pulley produces approximately
double the output voltage compared to the 100 mm pulley.
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Fig. 8. The output power of dc generator of a small hybrid
renewable power plant.

The last performance test of a portable small hybrid
renewable power plant is testing its output power. The
measurement of this output power is determined by the
electrical load carried by it. In this research, the output power
performance test is measured based on the output voltage of
the dc generator that goes to the solar charge controller and
the electric current that passes through it. In this case, this
process involves charging the battery, which requires a large
amount of electric power to charge it fully.

Based on the observations as shown in Figure 8§, the
highest output power of the dc generator is 732 watts which
occurs at 8 AM, while the lowest power is 500 watts which
occurs at 1 PM. The result of observing the electrical power
output of the dc generator from the micro hydro power plant
shown in Figure 8 is a generator with a 45 mm pulley. This is
because a 45 mm pulley generator produces a higher output
power than a generator with a 100 mm pulley. Therefore, this
paper shows that the best results are obtained using a 45 mm
pulley only. The generator's output power in this study is
influenced by the flow rate of water and the charging current
in the battery, which is the burden of this renewable energy
power plant—the prominent charging current causes the
measured generator power output to be significant as well.

IV. CONCLUSION

In order to test the performance of a micro-hydro and
solar-based hybrid power plant. Performance tests were
carried out for six days in a natural environment. The test
location is the irrigation canal of Tamantirto village, Bantul
district, the province of the Special Region of Yogyakarta,
Indonesia. The performance test of this power plant is
observed separately, whereas the output of micro-hydro and
solar power plants is measured separately. The results of
measuring the electrical power output of a micro-hydro
power plant with a pulley generator measuring 100 mm for
six days is 459 watts, while for a pulley generator measuring
45 mm, it is 588 watts.

Furthermore, observations were made on measuring the
performance of solar power plants. The measurement results
for six days obtained that the average power of two solar
panels with a total capacity of 200 watts-peak is 165 watts.
The test, which was conducted from 8 AM to 4 PM,
produced a reasonably optimal electrical power with an
average sunlight intensity of 67923 Iux. The intensity of
sunlight produces an average solar panel output voltage of
35.5 volts.

Based on the test results, the micro-hydro and solar-based
hybrid power plants designed in this study can generate
higher power with a combination of solar power plants and
micro-hydro generators with a pulley size of 45 mm, where
the total electrical power generated is 732 watts.
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