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Application of Water Tube Filling Pump in Hybrid System of
Solar Energy and PLN

Abstract. The objective of this research is to develop a water cylinder filling pump integrated with a hybrid solar and grid (PLN) system. The
performance of the pump is calculated to enable a comparative analysis with the energy and economic aspects of PLN and solar panels. The
methodology involves a literature study to explore relevant topics, followed by the design phase, encompassing the fundamental aspects of tool
design, manufacturing, and assembly of tool components. Subsequently, testing and data collection are executed, and the obtained data undergoes
analysis. The research findings reveal the success of the water cylinder filling pump design, with average efficiencies for PLN, solar panels, and the
hybrid system measuring 7.22%, 2.17%, and 4.70%, respectively. This substantiates the conclusion that the use of solar panels can provide energy
savings and reduce PLN electricity costs on a small scale, rendering it suitable for household use.

Streszczenie, . Celem tego przedsiewzigcia jest opracowanie pompy do napetniania zbiornikbw wodg zintegrowanej z hybrydowym systemem
fotowoltaicznym i sieciowym (PLN). Dodatkowo obliczana jest wydajno$¢ pompy, aby umoZzliwi¢ analize poréwnawczg z aspektami energetycznymi i
ekonomicznymi ztotéwki i paneli stonecznych. Metodologia obejmuje badanie literatury w celu zbadania odpowiednich tematéw, po ktérym nastepuje
faza projektowania obejmujgca podstawowe aspekty projektowania narzedzi, produkcji i montazu elementéw narzedzi. Nastepnie przeprowadzane
sg badania i zbieranie danych, a uzyskane dane poddawane sg analizie. Wyniki badan wykazaly sukces konstrukcji pompy do napetniania
zbiornikéw wodg, ktérej Srednia sprawnos$c¢ w przeliczeniu na ztotéwke, paneli stonecznych i uktadu hybrydowego wyniosta odpowiednio 7,22%,
2,17% i 4,70%. Uzasadnia to wniosek, ze zastosowanie paneli fotowoltaicznych moze w matej skali zapewni¢ oszczednoSc energii i obnizy¢
ztotdwkowe koszty energii elektrycznej, czynigc ja przydatng do uzytku domowego. (Zastosowanie pompy wodnej do napefniania rurqg wodng w

hybrydowym ukiadzie energii sfonecznej i zf)
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1. Introduction

The world is currently facing two detrimental
challenges, namely the energy crisis and environmental
pollution because the main energy resource used is fossil
fuels [1, 2]. The increasing use of fossil fuels has a negative
impact on the environment in the form of particulate
emissions (dust, lead) and gases (CO, CO2, NO2) which
can cause health problems for humans and damage to the
environment [3, 4]. The main energy sources are classified
into two groups, namely Conventional Energy, namely
energy taken from sources that are only available in limited
quantities on Earth and cannot be regenerated and
Renewable Energy, namely energy produced from natural
sources such as the sun, wind and water that can be
produced again [5, 6].

As time goes by, the increasing population of Indonesia
allows energy use to increase as well. Energy needs in
society are the spearhead of various sectors of human life
such as agriculture, education, health, transportation and
the economy [7]. Solar energy is one of the forms of energy
currently being actively developed by the Indonesian
government. As a tropical country, Indonesia has significant
solar energy potential [8, 9]. At present, solar cells are used
for daily needs such as water heaters, water pumps,
cooling, and sterilization [10].

Solar-powered water heaters represent the latest and
highly innovative technology in water heating applications.
This type is significantly more effective and efficient in terms
of cost, performance, and energy savings [11]. Unlike
electric heating, which incurs monthly costs and is highly
dependent on non-renewable natural resources, solar water
heaters harness abundant sunlight, making them a
sustainable and renewable energy solution [12, 13].

A dispenser is a household appliance that utilizes
electricity to heat the heating element and operate the
cooling machine [14, 15]. Dispensers are categorized into
two types based on the placement of the gallon: the upper
gallon system (upper gallon) and the bottom gallon system
(lower gallon). In the bottom gallon system type dispenser,

a pump is incorporated to facilitate the drainage of water
from the gallon to the water tube in the dispenser. This
pump operates using electrical energy, with the electricity
sourced from PLN or conventional energy sources.

In a previous study titled 'Design and Construction of a
Continuous Water Heater with a Hybrid Solar and Gas
System' [16, 17], hybrid solar energy was employed in
conjunction with conventional energy in the form of LPG
gas. However, this approach had some drawbacks, such as
requiring a significant amount of space due to the device's
width, manual water entry into the heating tank, and
dependence on conventional gas, the price of which is
currently soaring and challenging to replace regularly. A
hybrid system is a power plant that incorporates more than
one type of generator, combining various renewable and
non-renewable energy sources. In light of these
considerations, the author aims to develop a design for a
solar energy water heater that will be hybridized with PLN,
offering a more sustainable and efficient solution.

Building on this background, the author proposes the
development of a Water Tube Filling Pump with a Hybrid
System of Solar Energy and PLN. The objective of this
initiative is to manufacture a solar energy and PLN hybrid
system water cylinder filling pump and to assess its
performance. Additionally, the research includes an analysis
of the energy and economic comparison between solar
energy and PLN.

2. Research Methods
2.1. Assembly and Manufacturing

Procedures for crafting and assembling solar panel
frames and integrating the PLN (grid) system are outlined
as follows:
1) Prepare all necessary tools and materials.
2) Construct a frame to serve as support for the solar
panels.
3) Install essential components, including the solar charge
controller, battery, Low Voltage Disconnect (LVD), and
relay.
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4) Establish a terminal at the solar panel output to facilitate
the replacement of the voltage source used in the dispenser
with direct voltage from the solar panel. This eases the
connection of the solar panel to the dispenser pump.

5) Integrate an inverter to convert DC current to AC,
ensuring the electric current is compatible with the
dispenser.

6) Incorporate an Automatic Transfer Switch (ATS) to
enable an automatic switch between the solar cell and PLN
as the power source.

2.2. Equipment Testing Procedures

After completing the design and construction process
(refer to Figure 1), the subsequent phase involves tool
testing and data collection for the Solar and PLN Hybrid
System Water Tube Filling Pump. The testing process
follows a systematic approach:
1) Prepare tools and materials.
2) Assemble the solar panels and other equipment
according to the circuit drawing.
3) For PLN sources (10.50 to 11.40 WITA):
e Record PLN voltage and current.
e Measure Power Factor or cos phi PLN.
¢ Record voltage and current of the dispenser pump.
4) For solar cells (12.00 to 12.50 WITA):
¢ Record solar radiation intensity.
¢ Record panel output voltage and current.
¢ Record voltage and current of the dispenser pump every
10 minutes.
5) Hybrid system data collection (13.00 to 13.20 WITA for
solar cells, 13.30 to 13.50 WITA for PLN):
e Repeat steps 4 for solar cells and steps 3 for PLN.
6) Record all measurement results in the observation table.
7) Analyze the measurement results.
8) Draw conclusions based on the hybrid system testing.
9) Declare the testing process complete.

Fig 1. Solar and Gas Hybrid System Water Tube Filling Pump

3. Results and Discussion
Testing is divided into several parts:
1) Testing using PLN

2) Testing using a solar cell

3) Hybrid solar cell and PLN testing

3.1. Solar Cell

Figure 3 depicts the relationship between the average
input power of solar panels over time. The graph trend
demonstrates fluctuations, attributed to changes in the
intensity of solar radiation or variations in weather
conditions. The maximum average input power of solar
panels is recorded at 12:00, reaching 489.645 Watts, while

the minimum value occurs at 12:40, with an average input
power of 318.87 Watts.

3.2. PLN

Figure 2 illustrates the fluctuating relationship over time
between average input power, output power, and PLN
efficiency. Notably, the average maximum input power
peaks at 11:20, reaching 4.947 Watts, while the minimum
value is recorded at 11:10 with a value of 4.039 Watts.
Similarly, the average maximum output power is observed
at 10:50, with a value of 0.6 Watts, and the minimum occurs
at 11:30, registering at 0.29 Watts. Regarding PLN
efficiency, the highest average efficiency is noted at 10:50,
reaching 9.35%, while the lowest value is recorded at 11:30,
measuring 4.01%.
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Fig 2. Graph of the relationship between average input power,
output power and PLN efficiency against time
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Fig 3. Graph of the relationship between average solar panel input
power and time
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52 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 7/2024



Additionally, the figure illustrates the relationship
between the average panel output power over time,
showcasing a decreasing trend in the output power of solar
panels over time. The maximum average pump input power
is observed at 12:00, with a value of 32.58 Watts, while the
minimum value occurs at 12:50, registering an average
output power of 26.04 Watts.

Furthermore, the figure presents the relationship
between the average efficiency of solar panels and time.
The efficiency tends to increase initially and then decreases
in the latest data. The highest average solar panel efficiency
is noted at 12:30, reaching 11.58%, while the minimum
value occurs at 12:00, with an average efficiency of 7.42%.

3.3. Hybrid

Figure 4 illustrates the fluctuating relationship over time
for average efficiency, showcasing variations in both
increasing and decreasing trends. Notably, the average
maximum solar panel efficiency was observed on May 30,
reaching 6.72%, while the minimum value occurred on June
3, registering at 0.71%.

Similarly, the average maximum PLN efficiency was
recorded on June 3, with a value of 9.13%, while the
minimum value occurred on June 2, measuring 4.56%.
Additionally, the figure presents the average hybrid
efficiency of solar energy and PLN, with the maximum
occurring on May 30 at 6.05% and the minimum on June 2
at 2.68%.

4. Conclusion

Through the foundational stages of design, assembly,
manufacturing, and testing, results were obtained for a
water cylinder filling pump integrated with a hybrid system
of solar energy and PLN. The efficiency of solar panels
proved to be influenced by the intensity of the sun and
weather conditions, while the efficiency of PLN was affected
by current, voltage, and power factor (cos phi).

The highest recorded hybrid efficiency reached 6.05%,
with the solar panel efficiency at 6.72% and PLN efficiency
at 5.38%. Conversely, the lowest hybrid efficiency was
2.68%, corresponding to a solar panel efficiency of 0.80%
and PLN efficiency of 4.56%.

The testing of the water cylinder filling pump with this
hybrid system demonstrated success in saving PLN energy,
with a reduction of 0.00083 kWh, leading to PLN electricity
cost savings of Rp.1,20.
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