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Abstract

The large electricity bill for aerators and filter pumps in Koi fish farming ponds is a problem
for PPM (Community Service) partners. In addition, long-term power outages can cause fish
death. This koi fish farming located in Tulungagung district has an area of about 2000 m?
which is divided into several pond plots. The decline in the quality of Koi fish is also caused
by poor filtration. The purpose of this activity is to install a micro-scale Solar power plant.
This micro Solar Power Plant is used as a power source for filter pumps and pond aerators.
The installed 600 Wp Solar Power Plant system consists of 4 solar panels with a capacity of
150 Wp each, an 850 VA hybrid inverter, and a 100 Ah VRLA battery. Electrical energy from
Solar Power Plant can power a 75 W pump with a capacity of 26000 L/h. The installation of
solar panels in this pool can produce an average of 2.5 kWh of electrical energy/day. So that
the electricity savings from PLN can reach IDR. 108,352.5 per month.
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INTRODUCTION

In the last five years, the development of solar panel technology has been extraordinary
(Zou et al., 2016). So that the positive impact is that the community can find solar-based
technology equipment circulating in the market easily and cheaply (Lestari et al., 2021). This
is also supported by government policies in the new renewable energy development program,
especially solar energy (EBTKE, 2021). The application of solar panels can be used for PV
mini-grid, street lighting, and ultraviolet repellent lamp technology to electric vehicle
charging stations (Parastiwi et al., 2018).

So that in recent years, many PPMs have been carried out taking topics based on the
application of solar cell technology to solutions for electrical energy needs in the community
(Hidayah et al., 2019; Putri et al., 2020; Tambunan et al., 2020; Asrori et al., 2021; Gumono
etal., 2021).

The target audience/objects of this Community Service (PPM) are IKM (Small and
Medium Industries) in the field of ornamental fish cultivation, namely Koi fish. The
ornamental fish cultivation business by this partner has been carried out for the last 10 years.
Previously, artificial ponds (cement ponds) owned by partners were used for the cultivation of
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gouramy. The pool, which is located in an area of 2000 m2, is divided into several plots with
their respective functions. The location of this pool is in the village of Sumberingin Kidul,
ab. Tulungagung. Figure 1 shows the location of the Koi fish farming pond.

Kec. Ngunut, K

i Lokasi PPM
: Polinema 2022

Figure 1. Location of PPM activities

The partner's main problem is the use of large amounts of electricity to support pool
equipment, namely pool pumps, filter pumps, and aerators. In addition, there are several
partner problems, namely:

1). The problem of pool water treatment (water treatment). The cultivation system is carried
out in an artificial pond (cement pond) with the condition of the pond water being still so
that it tends to be dirty & cloudy. Water conditions and quality (temperature and pH)
greatly affect the growth of fish. Especially ornamental fish (Koi), the quality of fish is
characterized by good growth and color patterns (Rizky et al., 2015). So far, the pool has
only installed 3 water pumps with a power of 150 W each for filling pool water and not
for circulation or filtration pumps.

2). PLN often goes out for a long time. So far, for the supply of oxygen in the pond, 3 units
of aerators with a capacity of 60 W work for 24 hours. The aeration installation carried
out by partners is also very simple, namely using a branched hose. When there is a long
power outage (more than 5 hours) and the oxygen supply aerator does not work, as a
result, many koi are found floating and some of them die (Figure 2).

—— « P 5

Meanwhile, the use of solar panels as a source of electricity in aquaculture areas, both to
increase the productivity of aquaculture or save energy, has begun to be carried out by many
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researchers. Drive power requirement

Large pool circulation pumps are the main topic, to find a solution (Anjarsasri, et al.,
2017; Dwiyaniti et al., 2020; Nurhadi, et al., 2021). The system and support for pool water
filtration equipment also did not escape the attention of researchers and PPM activities. Filter
media, water treatment, pump circulation methods to the addition of automatic control
equipment, can affect the growth and health of aquaculture (Permatasari et al., 2017;
Firmansyah et al., 2021; Fakhriza et al., 2021).

Community empowerment through the use of appropriate technology and analysis of
environmental potential is the focus of every Community Service activity (Gunawan, et al.,
2020). The potential area for the PPM location is in the village of Sumberingin Kidul, which
is 15 km east of the city of Tulungagung. Tulungagung Regency is famous for its potential for
freshwater fish cultivation (consumption and ornamental). The locations of these ponds are
scattered in almost all areas of the Tulungagung district (Dewi, 2019; Zaman et al., 2021).

From the on-site survey and interviews with partners, it was found that several problems
needed to be solved, and solutions were found. However, the problems and challenges faced
by partners are also complex. Therefore, the PPM implementation activities are focused on
the problem of water treatment and the installation of solar panels as a source of electrical
energy to drive pumps for the filtration of Koi aquaculture ponds.

IMPLEMENTATION METHOD

The Community Partnership PPM was conducted in Ds. Sumberingin Kidul, Kec.
Ngunut, Kab. Tulungagung, East Java. The location point for installing solar panels for the
supply of electrical energy for this Koi pond filter pump is around the coordinates: 8.1249
°LS; 112.004 °E (Figure 1). In general, the flow of the PPM implementation is shown in
Figure 3. This activity was carried out by the PPM Team of Lecturers and Students of the
State Polytechnic of Malang, from June — July 2022.
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Figure 3. PPM implementation flowchart
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The success of the PPM implementation certainly cannot be separated from the
appropriate, effective, efficient and effective and sustainable method. Therefore, the PPM
implementation method/strategy is divided into several stages, namely:

A. Design Planning Stage

Appropriate Technology that is applied at the partner locations broadly consists of two
main parts, namely: a). Solar power generation system. The main components of this
equipment are solar panels, solar charger controllers, inverters, and batteries. b). The water
treatment system in the fish pond, in which there is a process of filtration, aeration, and
disinfection to the process of maintain the water temperature. The main equipment for this
water treatment system consists of; a chamber filter unit, filter media (silica sand, activated
carbon, bio ball, japmat, filter cotton), water pump, and UV light. The design of the filtration
system is shown in Figure 4. This filter body consists of; a) settling basin, b) settling tank, c)
mechanical filter, d) biological filter and e) chemical filter. While the water circulation system
in the filter will be driven by a submersible pump. In addition, chemical filtration equipment
will be equipped with UV lamp installation. Of course, pumps and lamps will require
electricity. Then this power source will be supplied by the installed micro Solar Power Plant.
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Figure 4. The design of the chamber-type filtration system (bulk bulkhead)

The Solar Power Plant system used as a source of electrical energy in the Koi fish
culture pond filter system is shown in the illustration in Figure 5. The working principle of
this system is that the water in the pond will be circulated through the filter chamber using a
submersible pump. kill bacteria using a UV lamp (UV Clarifier). The AC power source for
both pieces of equipment is supplied from the installed Solar Power Plant. This small/micro
Solar Power Plant system is planned to have a capacity of 600 Wp. The solar panels through
the solar charger controller will control the charging current in the battery. The inverter
functions to change the DC voltage of the battery into AC voltage, to turn on the pool filter

pump.
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Figure 5. A solar power generation system for Koi. pond filtration system

B. Preparation Stage

The stages of preparation carried out in this PPM are 1). Coordinate the internal team
(lecturers, staff & students). This is done to strengthen the structure of the program that has
been designed so that the activities to be carried out become more organized and directed.
This stage includes all matters of a technical, managerial, and time schedule for the
implementation of the Partnership PPM. 2). Coordinate with partners regarding plans for
making or installing Micro Solar Power Plant installations for pond filtration systems. 3).
Conduct a review of the pool location and ensure a strategic location point for the placement
of equipment to be installed. 4). Purchasing tools and materials for solar pool filtration
systems under pre-designed specifications. The main components consist of solar panels,
battery controllers, batteries, water pumps, UV light, and supporting materials for pool
filtration (building materials, filtration media, pipes, etc.). 5). Coordinate workshop or
handyman personnel around the site.

C. Implementation Stage

The implementation of PPM carried out at this stage is the creation of a chamber filter
pool which is civil work. This work is carried out by builders who are in the vicinity of the
site. Furthermore, after the civil works are completed, the Solar Power Plant system assembly
is carried out to supply electricity needs from the filtration technology applied in the Koi
pond.
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Figure 6. Location of the filter basin and installation of solar panels

D. Evaluation and Monitoring Phase

Monitoring is carried out intensively by the implementing team for each activity that
takes place. This is to ensure the implementation of this PPM goes according to plan.
Evaluation is carried out at each stage of the activity based on the PPM implementation flow
chart (Figure 3). The implementing team and partners are expected to have an agreement in
terms of determining criteria, indicators for achieving goals, and benchmarks that can be used
to declare the success of these activities. Diversification of Appropriate Technology through
PPM activities is very important. So it's not just making and submitting it, but the most
important evaluation is the knowledge up-grade and respect of partners for the technology
applied to their fish ponds.

RESULTS AND DISCUSSION

This Community Service (PPM) begins with determining the point of making the filter
basin and the location of the solar panel installation. Figure 6 shows the location of the filter
basin and the installation of solar panels. The physical work carried out in this Community
Service (PPM) activity consists of two activities, namely:
A. Making the Filter Chamber

The main materials used for the filter tank are brick, sand, and cement. While the
supporting material is PVC pipe. The process of building this filter basin is shown in Figure 7.
The filter for this koi pond is made with a water circulation system that passes through 5 filter
chambers. The chamber system is made in such a way that water can pass through each
chamber bottom-up. This model is expected to be able to make clear the Koi pond so that its
growth can be maximized. Figure 8 shows a model of a filter basin made for a koi pond
culture filtration system. This main filter system generally consists of 4 main parts, namely; 1)
mechanical filtration system (Mechanical filtration). This filtration physically functions to
filter out particulate waste and material debris in the pond. Commonly used materials for
mechanical filtration are sand, brush, matt filter, lint, and sponge foam. The material can filter
out suspended materials in pond water, such as leaves, twigs, fish droppings, etc. The
mechanical filter stage in this design is made in two stages, namely in the settling basin and
the settling basin. Where in the settling basin there is a drain, where the bottom of this tub is
made sloping. This drain is installed with PVC pipes which are installed vertically and can be
removed when cleaning dirt/sediment.
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Figure 8 The shape of the tub (chamber) in the Koi. pond filtration system

2). Biological filtration system (Biological filtration). This filtration stage uses natural
biological processes to convert hazardous waste released by koi or as a result of decaying plant
matter in ponds into hazardous compounds. Koi release ammonia, which is lethal to the koi
themselves in large doses. Certain anaerobic bacteria (without oxygen) can convert ammonia
to nitrite and are also toxic to koi. Bio-filter material can use porous rocks.

3). Chemical filtration system (Chemical Filtration). This filtration step is needed to
break down and convert compounds that can cause death in fish, such as ammonia and nitrite.
Both of these compounds in certain amounts can inhibit or cause death in koi fish. Chemical
filters utilize activated carbon as a filtration medium which helps absorb chemicals.
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4). UV (Ultraviolet Light) Sterilization System. This UV (UltraViolet) light is used to
kill pathogens because UV-C rays can reduce nucleic acids in parasites and bacteria so they
are unable to reproduce.

The water circulation system is driven by a submersible pump. The specifications of the
pump used are; model: LP-26000, voltage: 220V, frequency: 50Hz, power: 75W, Qmax: 26000
L/h, Hmax: 3.8 m, size: 200 (diameter) x 360 (height) mm, Outlet diameter: 110mm. The
technology applied in this PPM is the design of an integrated water treatment system
(Integrated Water Treatment). With a filtration system (biological, mechanical, chemical),
coupled with the addition of a UV lamp as a disinfectant medium in the pool water, it can
optimize the process of filtering and purifying water.

B. Solar power plant assembly

The installed Solar Power Plant has a capacity of 600 Wp. The installation consists of 4
units of 150 W, solar panels. Figure 9 shows the installation of solar panels. The technical
specifications of solar panels are; type: monocrystalline, Imp: 8.33 A, Vmp: 18 V, Voc: 22.6 V,
Isc: 9.07 A, Es: 20.7%. This solar panel electrical energy conversion is managed by a device
that is a combination of a solar charger and an inverter called a hybrid-smart inverter. Figure
10 shows the process of setting up the inverter, battery, and fuse equipment in a wooden panel.
The assembly process for the 600 Wp micro PV mini-grid installation also involves partners
(Figure 11). This is important to do so that the sustainability of the installed equipment can last
a long time because partners already have the correct knowledge of OM (operation &
maintenance).

Figure 9. Solar Panel Installation

The inverter used in this PPM, to receive 600 Wp solar panels is the Luminous Inverter
Solar Hybrid 850VA/12V. This type of inverter is capable of producing pure Sine Wave
(PSW) frequencies, so this system can be connected to the PLN (On Grid) network. The
PWM-type solar charger in this tool can charge a battery with a capacity of 12V/100 Ah.
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The installation of a micro Solar Power Plant with a capacity of 600 Wp can be
calculated for its energy productivity. If the effective hours of sunlight, it is assumed for 5
hours and the efficiency of the system is 0.85%. So this solar panel is predicted to produce
energy of 2.5 kWh/day. The basic electricity tariff for the R-1/TR class with 1300 VA power
as of July 2022 is Rp 1,444.70/kWh (Anwar, 2022). Thus, the savings that can be made by
partners is Rp. 108,352.5 per month. The main advantage of installing this solar panel is that
it guarantees the continuity of the filtration system working for 24 hours because it is not
affected by a PLN power outage. The installation of a solar-powered filtration system in this
PPM activity is expected to provide a strengthened science and technology, and the use of
renewable energy in the field of fish farming, especially Koi fish. So that the results of the
PPM program carried out can be a trigger for fish farmers/breeders in the area, which in turn
becomes an industrial sector that can be oriented to national and even global markets.
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Figure 11. Partner involvement in the installation of 600 Wp Surya solar panels

CONCLUSION

The conclusions of the PPM Partnership activities carried out by the team of lecturers
and students of Polinema are:

The pool water filtration and circulation system use a 75 W submersible pump with a
capacity of 26000 L/hour. The dimensions of the filter chamber are w x  xh =6 x 1.5 x 2 m.
The filtration stage goes through the mechanical, biological, and chemical filtration stages.
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The installed micro Solar Power Plant system consists of 4 units of monocrystalline
solar panels with a capacity of 150 Wp, a PWM/PSW hybrid inverter 850 VA, and a 100 Ah
VRLA battery. The installation of this 600 Wp solar panel can save electricity bills of Rp.
108.352.5/month.
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