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Abstract

This study aims to determine the comparison of two electrical energy produced by the Minibidro Power (PLTMH) at different
heights and water discharge. After all the systems that support the construction of the mini-hydro bave been designed and
connected to each other to form the expected mini-hydro system, the next step is the mini-hydro work testing phase. As for the
implementation using the experimental method by operating a mini-hydropower plant with variations in changing the bheight
and water discharge. This research was conducted to determine the current and voltage produced by observing the current and
input voltage and current and ontput voltage of the inverter circuit. The test is carried out using ammeters and voltmeters, then
the measurement results are entered in a table. This study obtained data V" and me to calculate the electric power generated
(P). The analysis was done descriptively by comparing the data obtained to observe the effect of water height (h) and water
discharge (Q) on electric power (P). From the experimental results, the greater the price of b and Q, the greater the P
produced. So from this experiment, we can be implemented in a PLTMH builder by knowing the maximum water level and
discharge from a water source. From the results of these excperiments it can be said the higher the water to the generator, the
greater the electrical energy produced. This is in accordance with the potential energy it has. The greater the potential energy of
an object means the greater the electrical energy. From the comparative data of Experiments 1 and 2, it is obtained that the
amount of water debit greatly influences the amount of energy/ electricity generated. This is due to the large mass of water that
will hit the turbine so the generator turns faster, resulting in large mechanical energy. So to build a PL.TMH, water flow and
altitude must be considered..
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INTRODUCTION

Energy has an important role in global
and socio-economic development. Today, the
need for energy has increased because of the
growing amount of energy used in industry,
housing and agricultural activities. Energy
demand is often met by conventional methods
based on fossil fuels. The reduction and harmful
effects on the environment of fossil fuel
resources have led to sustainable and
environmentally  friendly  energy  sources
(Celikdemir, S., Yildirim, B., & Ozdemir, M. T,
2017). Energy is a supporting element which is
very important for the overall development of a
nation. efficient use will be a powerful tool to
stimulate the country's economic growth. for
this reason, it is understandable that in recent
times the demand for power generation has
increased in countries around the world. Broadly
speaking, it can be said that, in terms of energy
needs, it is almost certain that all countries in the
world are really experiencing an "energy crisis"
and various activities are being carried out to
explore the use of various alternative energy
generation to meet the increasing needs
(Warsito, s ., Syakur, a., & Nugroho, A. A,
2005).

Energy is an important aspect of life as a
whole. The energy source that is currently widely
used in Indonesia comes from coal, which is
known to be limited in number. So that we need
another source that is renewable and can always
be used as a source of sustainable energy.
Energy sources that can be utilized are wind
energy, water, sunlight and geothermal energy.
According to the 2005-2025 National Energy
Management Blueprint data issued by the
Ministry of Energy and Mineral Resources
(DESDM) in 2005, petroleum reserves in
Indonesia in 2004 are estimated to be exhausted
within 18 years with the reserve / production
ratio for that year. Meanwhile, gas is estimated
to run out within 61 years and coal 147 years
(Sulistiyono et al. 2013).

Different to fossil fuel, which is evidently
producing greenhouse gas emission, the
environmental impact associated with mini
hydropower plants has not been thoroughly
explored. Flury and Frischknecht (2012)
conducted life cycle inventories of hydroelectric
power generation in BEurope. Their report
showed that marine ecotoxicity, human toxicity
and global warming were the highest impact
related to the operation of hydropower plants.
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However, they omitted the infrastructure of the
hydropower plant from their study (Hanafi, J., &
Riman, A. ,2015).

The existence of water resources is
currently not fully utilized. The amount of water
in West Java reaches 4.3 billion m3 / year, but
only 28% is used (Bappenas, 2011). One of the
potential uses of water resources is as a power
plant. One of the renewable energy sources and
has great natural resource potential in Indonesia
that has not been utilized as a primary energy
source for electricity generation purposes is
Hydro energy. The potential of hydro energy
possessed by Indonesia is very large, while its
use as primary energy for generating purposes is
only about 6% of the existing potential (Taofeq,
t, Anggoro, b., & Arfianto, t., 2013). Micro
Hydro Power Plant (PLTM) is not a new thing,
the idea of using water energy has been around
since 1970. However, its use in Indonesia is not
too much. Overall, the use of renewable energy
power plants in 2012 was still low, reaching
11.31% of the total energy produced
(Kementrian ESDM 2013).

Electric power is one of the supporting
elements which is very important for the overall
development of a nation. Proper utilization uses
a powerful tool to stimulate the country's
economic growth. Recently the demand for
electricity generation is increasing in countries
around the world. In terms of general electricity
needs, it can be said that the State of Indonesia
is inadequate for even distribution of energy
sources, especially in rural areas, especially now
that all community activities use electricity as a
source of energy. Electricity is a vital need of
society that cannot be separated from everyday
life. Starting from the simplest function, namely
lighting to other functions as a means of
obtaining entertainment and information such as
(television, radio, cell phone charger, and
others). In this modern era, clectricity is also
used to replace fuel oil or gas used for cooking
through the use of electric cooking utensils, such
as rice cookers and electric water cookers.
Likewise with cell phones, in the era of
information and openness, nowadays cell
phones have penetrated into villages (Setiawan
Wie, D., 2017).

The condition of a water source that can
be used as a power-producing resource is that it
has a certain flow capacity and height from the
installation. The greater the flow capacity and
height of the installation, the greater the energy
that can be used to generate electricity (Kadir
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2010). Technically, micro hydro has three main
components, namely water as an energy source,
turbines and generators. Flowing water with a
capacity is channeled from a certain height
through a rapid pipe to the powerhouse
(Sukamta and Kusmantoro 2013).

Utilization of water energy is a very good
step to improve the function of this energy
which has been used only as daily necessities and
as irrigation in the agricultural sector but can
also be used or utilized as a power plant for
remote or rural areas. still not reached by State
Electricity Enterprise. Current research and
technology development by utilizing
hydropower as a mini-hydro power plant is a
very appropriate step to meet the electricity
needs of people living in remote areas or in rural
areas. Making mini hydro turbines is very
commercial and is very widespread on a large
scale, so that affordable mini hydro turbines are
also needed (Kosjoko, 2015).

Nowadays electricity needs are the main
needs for the community. In order to support
human activities, electricity should be felt by all
people. However, until now electricity has not
been felt by all people because of the inadequate
use of resources and energy that have the
potential to generate electricity. Meanwhile, the
government's ability, in this case State Electricity
Enterprise, to meet electricity needs is very
limited. Therefore, the government strongly
encourages the private sector / community to
take part in alternative energy procurement
efforts, one of which is the Mini Hydro Power
Plant (PLTM). Mini Hydro Power Plant (PLTM)
is an alternative source of electrical energy for
the community. PLTM provides many benefits,
especially for rural communities throughout
Indonesia. At a time when other energy sources
are running low and have a negative impact,
water is a very important source of energy
because it can be used as a cheap and non-
polluting source of energy for electricity
generation.

Minihydro or what is meant by Mini
Hydro Power Plant (PLTM) is a small-scale
power plant that uses hydropower as its driving
force such as irrigation channels, rivers or
natural waterfalls by utilizing the waterfall height
(head) and the amount of water discharge.
Microhydro is a term consisting of micro which
means small and hydro which means water.
Technically, it has three main components,
namely water (as an energy source) and
generator. Microhydro gets energy from water
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flows that have a certain height difference. Mini-
Hydro power generation could be planned on
small-scale on existing small rivers, canals etc. as
it could be beneficial in utilization of all
existing water reservoirs and streams so as to
generate hydro power which is renewable in
nature (Adhau, S. P., Moharil, R. M., & Adhau,
P. G, 2012).

Minihydro utilizes the potential energy of
falling water (head). The higher the water drop,
the greater the potential energy of water which
can be converted into electrical energy. The
relatively small amount of energy produced by
micro-hydro compared to large-scale
hydropower plants has implications for the
relative simplicity of equipment and the small
area required for micro hydro installation and
operation. Thus, the micro hydro generating
system is suitable for reaching the availability of
electrical energy networks in remote and rural
areas.

In this research, a mini-hydro electric
power prototype with a capacity of 5-10 watts
was designed to turn on the LED lamp. The
minihydro being developed is a simulation of a
mini hydro power plant. The working principle
of this mini hydro power plant, or mostly
known as PLTM, is a form of changing
hydropower with a certain height and discharge
into electricity using a water turbine and
generator.

In general, PLTMH in principle takes
advantage of the difference in height and the
amount of water discharge per second that is in
the flow of irrigation channels, rivers or
waterfalls. This water flow will rotate the turbine
shaft to produce mechanical energy. This energy
then drives generators and generators to
produce electricity. A micro-hydro scheme
requires two things, namely, water discharge and
head height to generate usable power. This is an
energy conversion system from the form of
height and flow (potential energy) into the form
of mechanical energy and electrical energy
(Syarif, A., 2019). In this research, 2 mini hydro
prototypes will be made. What distinguishes
these two prototypes is the cross-sectional area
of the wheel used. By distinguishing the size of
this cross-sectional area, it is hoped that the
researchers will know the stresses produced by
the minihydro are the greatest in which cross-
sectional area. The difference between the
research conducted by the researchers from
previous studies is the development of mini
hydro power plants with a capacity of 5-10 watts

ﬂ http://ejournal.iainbengkulu.ac.id/index.php/ijisedu
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which are used as simulations of large-scale
micro hydro power plants

METHOD

The research design used in this study is
research and development. Called research-
based development. According to Sugiyono
(2013), the development research method is a
method research used to produce certain
products, and assessing the effectiveness of the
product. The product developed in this study is
a simple power plant.

Overall, the research begins with the
measurement of the cross-sectional area of the
waterwheel to distinguish the two minihydro to
be made, the measurement of the cross-sectional
area of the hose used to determine the
difference in water discharge produced by the
water velocity, the rotational speed of the wheel
made, and the stress. The method of direct
observation in the field through measurements
begins with measuring the perpendicular cross-
sectional area of the water flow to get the flow
of water flowing as initial data in the analysis of
the ability of the minihydro power, then to
analyze electrical energy, the initial data is taken
from the measurement of the height of the
water fall including the measurement of the
distance from the water dam into the falling
watet.

To determine the potential as a micro-
hydro power plant, the following data are
required:

a. Calculation of the resulting voltage using
voltmeter

b. Electrical power
P=98xQxHnxh 1)

Where :

P = power (Kw)

Q = Dischatge (m3 / s)
Hn = Head Net (m)

H = overall efficiency

c. Water flow rate
P

V= —- @
trata—rata

Where:

V = velocity (m / s)

P = channel length (m)

TAverage = average time (seconds)
d. Water discharge

Flow discharge is the volume of water

flowing in a certain unit of time. Water discharge
is the height of river water as measured by a
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water level measuring instrument. In the SI
system of units, the amount of discharge is
expressed in units of cubic meters per second
(m3 / s). The principle of implementing
discharge measurement is measuring the wet
cross-sectional area, flow velocity and water
level. The discharge can be calculated by the
equation:
Q=AV 3)

Where :

Q = Discharge (m3/s)

A = Channel Section Area (m?)

V = Speed of water flow (m/s)

RESULTS AND DISCUSSION

Data from micro hydro experiment 1
a. Water flow rate

Dik. P = 200 cm
trata-rata— 35 sekon

Dit. V....»

Answer :V = P

trata—rata

_ 200 _
V= 35 5714 m/s

a. Woater discharge

Dik. A = 0,7 cm
V =15714m/s
Dit. Q....?
Answer : Q=AV

Q=0.7x5714
Q =3.9998 m3/s

Table 1. Data from microhydro measurement
results 1

h A% I (mAmpere) P(mwatt) P
(cm) (mvolt) (watt)
30 41.35 13 537.5500  0.5376

40.95 12.98 531.5310  0.5315
40.89 12.87 526.2543  0.5263
41.24 12.65 521.6860  0.5217
41.26 12.65 521.9390  0.5219
40 43.77 13.98 611.9046  0.6119
44.5 13.78 613.2100  0.6132
44.57 13.98 623.0886  0.6231
44.65 13.85 618.4025  0.6184
43.78 13.98 612.0444  0.6120
50 47.87 15.05 720.4435  0.7204
47.93 15.89 761.6077  0.7616
47.98 16.01 768.1598  0.7682
47.75 16 764.0000  0.7640
47.98 15.87 761.4426  0.7614
60 50.11 16.54 828.8194  0.8288
51.03 16.89 861.8967  0.8619

http://ejournal.iainbengkulu.ac.id/index.php/ijisedu
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51.22 16.89 865.1058  0.8651 110 35.09 3859.9 3.8599

50.74 16.75 849.8950  0.8499 110.65 35.54 3932.5 3.9325

50.89 16.78 853.9342  0.8539 110.78 34.87 3862.9 3.8629
70 55.67 18.89 1051.6063 1.0516 110.98 34.68 3848.79 3.84879

56.01 19.23 1077.0723  1.0771

55.85 18.87 1053.8895 1.0539

56 18.5 1036.0000 1.0360 Water is a renewable energy source and is

55.98 18.45 1032.8310 1.0328 a technology that has long been known to prove

Data from micro hydro experiment 2
a. Water flow rate

Dik. P = 200 cm
trataraa— 18 sekon
Dit. V.....»
Jawab
p
Ve —
trata—'rata
V=22 11111 m/s
18
b. Water discharge
Dik. A=1.8 cm
V=11.111m/s
Dit. Q....?
Jawab: Q=AYV
Q=18x11.111
Q =19.99 m3/s

Table 2. Data from microhydro measurement
results 2

h V I P(mwatt) P

(cm) (mvolt) (mAmpere) (watt)

30 85.31 20.35 1736.06 1.73606
83.29 22.43 1868.19 1.86819
84.87 21.09 1789.91 1.78991
85 22.17 1884.45 1.88445
84.91 23.43 1989.44 1.98944

40 98.56 28.96 2854.3 2.8543
98.75 28.36 2800.55 2.80055
98.75 28.45 2809.44 2.80944
97.89 28.01 2741.9 2.7419
99.13 29.05 2879.73 2.87973

50 100.05 30.98 3099.55 3.09955
100.01 30.87 3087.31 3.08731
101.01 30.45 3075.75 3.07575
101.11 30.67 3101.04 3.10104
101.15 30.58 3093.17 3.09317

60 102.45 32.21 3299.91 3.29991
102.45 32.89 3369.58 3.36958
102.9 32.67 3361.74 3.36174
102.98 32.99 3397.31 3.39731
105.11 32.32 3397.16 3.39716

70 110.85 34.67 3843.17 3.84317

reliable. Water is a source of energy that is cheap
and relatively easy to obtain, because the
potential energy is stored in water (in falling
water) and kinetic energy (in flowing water).
Hydropower is energy obtained from flowing
water. The energy possessed by water can be
utilized and used in the form of mechanical
energy and electrical energy. Utilization of water
energy is mostly carried out by using
waterwheels or water turbines that take
advantage of a waterfall or water flow in a river.
Minihidro Power Plant (PLTM) is a power plant
that utilizes mechanical energy from water to be
converted into electrical energy using all water
turbines installed on an electric generator. river.
Water flowing through the intake and forwarded
by the carrier channel to the penstock, will
rotate the turbine shaft to produce mechanical
energy (Prasetyo, T. E., & Pane, Z, 2013).

Micro hydro is a Renewable and eco
friendly energy source. It is perhaps oldest
technique that harness energy from water. Since
our environment suffers from greenhouse gas
emission and carbon die-oxide,the wuse of
renewable energy is the best solution to refrain
from global warming effect. Though Bangladesh
has potentiality of hydro electric power,
feasibility and implementation of this kind of
power are still legging behind. The main reasons
behind this are; firstly, the potential sites are
located in hilly and remote areas. Secondly,
some of them are not commercially viable. The
last and most importantly, there is very little
policy attention (Al Mamun, K. A., Yusuf, M. S,,
Alam, M. A, Ahmed, S., & Nath, A, 2018).

This study aims to determine the
comparison of the two electrical energies
produced by the Minihydro Power Plant
(PLTMH) at different heights and water flows.
Minihydro is a term used for medium-scale
power plant installations that use water energy.
Water conditions that can be used as a power
source of electricity have an effective discharge
capacity and height. The greater the discharge
and the height of the dropping point, the greater
the electrical energy that can be generated. The
larger the scale of the water discharge that

http://ejournal.iainbengkulu.ac.id/index.php/ijisedu
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rotates the turbine, the greater the electrical
energy that will be generated (Sipayung, H. P,
2019). After all the systems that support the
development of this minihydro have been
designed and connected to each other so that
the expected mini-hydro system is formed, then
the next step is the mini-hydro testing phase,
where the mini-hydro testing aims to: To find
out whether the mini-hydro that was built can
work as expected , To determine the
performance capability of the designed turbine,
to find out how much electrical energy the
PLTMH system produces, to find out any errors
that occur, with the hope that it can be repaired
immediately. As for its implementation, it uses
an experimental method by operating a mini-
hydro power generator with variations in
changing the height and water discharge. This
research was conducted to determine the current
and voltage generated by observing the input
current and voltage and the current and output
voltage of the inverter circuit. The test is carried
out using an ammeter and voltmeter, then the
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measurement results are entered into the table.
A mini-hydro power plant converts hydropower
into electricity, at first the potential for
hydropower is converted into mechanical power
in a water turbine, which then turns the water
turbine into a generator so that it can produce
electric power (Jamali, F, 2014).

The mini-hydro testing process is simple,
namely by placing, mini-hydro and flowing the
water in the pipe to the minihydro propeller, so
that the potential power of the flow can rotate
the turbine. With the turning of the turbine, the
process of generating electrical energy in the
generator begins so that it can be seen the
amount of energy produced from the generation
process. If there is an error in the performance
of the minihidro, cotrective action is taken
immediately for the part of the system that is
experiencing work errors. Meanwhile, if there is
no apparent error from the minihidro system,
the minihidro is considered to have been
completed.

Figure 1. Operation of PL'TMH prototype

The method that is often used in
measurement is to use a current meter, because
of several advantages of this tool. First, it is easy
to use, then the observation error factor is small,
and by using a current measuring instrument,
the correction factor is neglected (Jamali, F,
2014). The calculation of the potential amount
of electric power that can be generated by the
PLTM development plan is influenced by two
main parameters, namely the amount of water
discharge availability and head. This study
obtained data V and I to calculate the electric
power generated (P). The analysis was carried

out descriptively by comparing the data obtained
to observe the effect of water level (h) and water
discharge (Q) on electric power (P). Discharge is
an important parameter in MHP planning. The
size of the water discharge will determine the
amount of energy that can be produced. The
discharge will also determine the size and type
of turbine to be used (Candra Mayana, H, 2013).
From the experimental results, it is found that
the greater the h and Q prices, the greater the P
produced. So that from this experiment we can
be implemented in the PLTMH builder by
knowing the height and maximum water

http://ejournal.iainbengkulu.ac.id/index.php/ijisedu
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discharge from the water source. From the
results of these experiments it can be said that
the higher the water to the generator, the greater
the electrical energy produced. This is in
accordance with the potential energy it has. The
greater the potential energy of the object, the
greater the electrical energy, With the increasing
number of generator water discharge, the
electric energy produced will be even greater.
This is in accordance with the potential energy it
has. The greater the potential energy of the
object means the greater the electrical energy
(Rizki, AA, & Alfi, I, 2019).) From the
comparison of experimental data 1 and 2, it is
obtained that the amount of water discharge
greatly affects the amount of energy. the electric
power generated. This is due to the large mass
of water that will hit the turbine so that the
generator rotates faster, resulting in large
mechanical energy. So that to build a PLTMH,
the water discharge and the height must be
considered.

The mini-hydro power plant is a power
plant that generates electrical energy using water
energy as a source of producing electrical
energy. PLTM is an environmentally friendly
generator because it uses renewable energy,
namely water as the main medium. PLTM
requires good water flow and water level (head)
to produce mechanical power to rotate the
turbine to produce electrical energy. The PLTM
is expected to be able to guarantee a reliable,
sustainable supply in the supply of electrical
energy.

CONCLUSION

Based on research can conclude: a) In this
research, a mini-hydro electric power prototype
with a capacity of 5-10 watts was designed to
turn on the LED lamp. The mini-hydro that was
developed is a simulation of a mini-hydro power
plant which later can be used as a practicum tool
for students. The research produced 2 mini
hydro prototypes. What distinguishes these two
prototypes is the cross-sectional area of the
wheel used. By distinguishing the size of this
cross-sectional area, it is hoped that the
researchers will know which stress is generated
by the minihydro in which cross-sectional area,
b) The resulting voltage and current varies, the
greater the height of the pipe the greater the
resulting voltage and current, ¢) The amount of
electric power depends on the voltage and
current generated, the greater the voltage and
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current generated, the greater the power and d)
The amount of water discharge produced is
influenced by the large cross-sectional atea and
the volume of water produced every second.
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