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Abstract

Mitigation of catastrophic impacts of exhausted pollutants from conventional based power plants can be performed by extensively using
renewable energy-based power plants. One of the promising renewable energy-based power plants in already matured technology is
hydropower. However, large scale hydropower should be located on an appropriate site and is not economically effective for isolated and
remote small communities. Micro-hydropower plants (MHPPs) can applied to fulfill the power requirements of such communities due to
its inexpensive capital and low maintenance cost. Normally, MHPPs projects are finalized by civil construction to powerhouse. A simple
trash filter is usually located before the intake of the penstock. This simple trash filter usually causes a problem related to trash collection
that blocks the water debit into the penstock intake. This low capacity might cause the reduction of turbine's rotation, which in turn
downgrade the voltage and frequency. Low voltage and frequency might harm consumers. In this paper, a new control mechanism based

on Arduino Mega is introduced for automatic trash removal.
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1. Introduction

It is inevitable to construct more renewable energy-
based power plants to mitigate the negative impacts of
conventional based power plants on the global environment
[1]. Therefore, many developed countries recently increase
the installation of wind and PV panels to support their main
grids [2-5]. However, these two types of power plants have
some limitation including high initial cost [6], high
maintenance cost [7] and problems related intermittency of
its main energy sources [8]. One of the old and matured
renewable energy technologies that have been widely
installed all around the world is hydropower plants (HPPs).
This type of power plant could be scaled up to several
MWs, free of air pollutants and has low maintenance cost
[9]. Construction of a new hydropower plant (HPP) should
be in consideration of some perspectives, including the
economic point of view [10].

For isolated and remote small communities, long power
transmission and distribution are not cost-effective and
impractical by large scale power plants such as HPP.
However, the equality principle of giving electricity service
is a must. For example, Indonesia targets to achieve 100 %
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electrification ratio in 2020 [11]. Currently, the
electrification ratio has reached about 91.16%, meaning
that some other 8.84% of people do not enjoy electricity yet
[12]. To achieve the aforementioned target of
electrification ratio, Indonesian government has promoted
the large projects of micro hydropower plants (MHPPs)
which is the most suitable for isolated and remote
communities. Moreover, it has several advantages
including cost-effectiveness based on its type mostly Run-
off-Rivers, where no large dam and water storage system
are required [13]. It also could reach about 50 years of live
operation period [14]. The implemented projects of MHPPs
in Indonesia itself have been reached about 134.21 MW in
range projects of 2011-2015 [15].

An MHPP normally is constructed with a small budget
due to its kWs scale [16, 17]. Operation and maintenance
are also managed in a very simple way. In Indonesian case
for an instant, an MHPP operation and maintenance cost
are collected from the community each month, therefore
some technical designs as part of MHPP facilities are
installed in the minimum standard. One of the common
problems related to MHPP operation is blocked water to
penstock intake by trash collection on the trash filter. The
low debit of water could reduce the turbine rotation which
in turn reduces the frequency and generated a voltage of the
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connected generator. This condition causing houses lights
to be dimmed and become a clear indicator for the operator
to visit the site and clean the trash. The problem might
become even worst for the operator when the MHPP site,
as usual, is located on the highland and quite far from the
residence center. Moreover, the trash that commonly comes
from leaves, branches and dry grasses that are flowing
within the open channel waterway more potentially occur
during the rainy session. The most horrible situation for the
operator is if this condition occurs in the night time. In this
paper, a design of automatic trash remover is proposed. The
control mechanism is introduced to allow trashes to be
removed automatically to prevent blocked water in the
penstock intake.

2. Research Methodology

A trash filter in MHPP is normally placed on the
penstock intake and used to filtrate trashes to avoid the
trashes come along with the water into the penstock [18].
Traditionally, a trash filter is made simply like iron nets
that capable of filtering the trashes and allowing the water
to flow, the sample of a common trash filter is depicted in
Fig. 1. To avoid trashes blocking the water into the
penstock, the operator should regularly check the filter and
cleaned it if necessary. As aforementioned above,
sometimes a task to clean the filter becomes very
challenging for the operator when it should be done in the
night even in the worse rainy session. To anticipate it, an
automatic scenario of trash rack is designed and proposed
in this paper.

Work process of the automatic trash remover can be
figured out in the flowchart diagram shown in Fig. 2.

The control system of the proposed system is set up in
Microcontroller called Arduino Mega [19]. Some of the
advantages of this type of controller are cheap, optimal
power consumption and easy to implement [20].

There are only two controllers are employed in this
mechanism: Flow and Limit Censor. A flow sensor has a
duty to measure the flow capacity of water that pass the
open channel before go through the intake of the penstock,
when water flow lesser than 3.0 m/s it is indicating that the
trash has been blocked by some amount of trashes,
therefore, in this point, trash rack should lift the trashes (in
rotation mechanism) and in 90° position, when other wing

Penstock Pipe Overflow Channel

~

Trash Filter Open Channel

Figure 1. A typical type of MHPP trash filter

trash rack press the limit switch, the rotation mechanism
stop and trashes will be dropped on the conveyor which
also run to transport the trashes into the bin. The design of
the automatic trash remover can be seen in Fig. 3.
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Figure 2. Flowchart of automatic trash remover for MHPP

Figure 3. Lab scale of automatic trash remover for MHPP application
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Figure 4. Block diagram of I/O of automatic trash remover microcontroller
for MHPP application

The block diagram of the working steps of the device is
shown in Fig. 4. Flow sensor and limit switch become the
inputs of the Microcontroller to dictate whether the drive
motor working to lift the trash or not. LCD is used to show
the real-time data of the device such as Current, Voltage
and Selector Position. All data can also be downloaded to
the PC.

3. Results and Discussion

To test the performance of the device, two scenarios are
applied; no-load test and with load test. The loads applied
in the test are simulated with dried leaves which commonly
fall into the open channel of MHPP and transport into the
intake of the penstock. The mass variation of trash (shown
in Fig. 5) is applied to see the performance of the device.
Table 1 shows the performance of trash remover for some
mass variation of the trash.

As noted in Table 1, when the laboratory test of the
prototype was made, the automatic trash remover proved
working properly to lift the trash using rotating trash filter
shown in Fig.1 for water flow less than 3 m/s. As observed
in Table 1, the heavier the mass of trash becomes, the lesser
the water velocity would be. Overall, the mechanical and
control system of the device is working properly.

Figure 5. Common trash type (dried leaves) in open channel of MHPP

Table 1. Working performance of the automatic trash remover

Average Water Velocity Status of Trash

(m/s) Remover
Mass of
Trash
Before After
(gram) Trash Trash EI?ZE Conveyor
Filter filter
0 10 9.8 Not Work Not Work
55 9.44 3.56 Not Work Not Work
100 5.87 1.21 Work Work
155 5.18 111 Work Work
210 4.82 1.00 Work Work
6
4.812

4.48

i 423

2.84 2.817 2.917 2.846
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Figure 6. Current measurement for both trash filter motor and conveyor
motor

To investigate the power consumption, current for both
DC motors for Trash Filter and Conveyor is measured. As
shown in Fig. 6, motor works harder when the load (trash
mass) is larger, but still in the range of motor capability.
Meanwhile, conveyor motor exhibits rather a stagnancy in
consuming power.

4, Conclusion

In this paper, design, construction and experiment test
of an automatic trash remover for MHPP application is
introduced. It can be concluded that the system could work
properly to remove the commonly dried leaves trash type
automatically. The device eventually could avoid trashes in
blocking the filter before intake of the penstock, thus,
prevent the turbine from reduced speed. The benefits of this
solution can be addressed as follows:
¢ Maintain the normal MHPP service
e Improve the MHPP operation lives.

e Reduce the working hours of MHPP operator
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