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 Abstract 

One of the biggest problems for farmers in the dry season is the lack of water supply for 

irrigation. Currently, various types of pumps have been widely used, such as fuel pumps 

and pumps with PLN electricity. However, the costs required to operate these tools are 

pretty expensive. The solution to overcome this is using DC submersible pumps using 

solar panels as an energy source. The purposes of this study are to (1) determine the 

duration of operation of the DC submersible pump with the specifications of the battery 

and solar panels used, and (2) determine the productivity of the DC submersible pump in 

terms of the resulting discharge for various storage height conditions used. The research 

method used is an experimental research method using a quantitative approach. The results 

of this study are (1) DC submersible pump can operate for 240 minutes with 20 Ah battery 

at maximum voltage and uses 60 Wp solar panels, and (2) the height of the storage has an 

effect on the resulting discharge, there is a reduction in the resulting discharge every 0.5 

meters increase in the height of the storage. Based on the analysis results, the maximum 

height limit for submersible pump push is 3.7 meters using a ¾ inch hose. The results of 

this study can be a reference for farmers or users to determine the height of the water 

storage. 

Keywords: Submersible DC electric pump, water discharge. 

 

1. Introduction 

The availability of water for irrigation of secondary crops in the dry season needs to be considered 

because plants' productivity, especially palawija, is primarily determined by the availability of water 

for irrigation [1], [2]. Plants that do not get adequate irrigation will die and result in crop failure, so that 

the losses experienced by farmers are enormous. The traditional irrigation system transporting water by 

human labour is very ineffective because, apart from requiring a large amount of energy, often watering 

plants on a large scale is not optimal [3]–[5]. 

One of the activities carried out by farmers to overcome water availability is by using gasoline 

and diesel fuel pumps [6], [7]. This activity is very ineffective and causes more significant losses to 

farmers. The operation of the fuel pump is very wasteful. Besides, it requires much energy to move the 

pump from home to the field. Apart from using the fuel pump, some farmers also use the PLN electric 

pump. However, this is a particular problem for some farmers whose gardens or rice fields are pretty 

far from the PLN electricity source. In addition, the energy by the pump is quite large. The energy, 

which should be used to power other electronic components, must transfer to the operation of the PLN 

electric pump [3], [5]. 

Innovation in the use of electric pumps that are energy efficient and can be easily moved from 

one place to another is needed to overcome the problems that have been described before [8]–[10]. One 

type of pump that can be used is a 12 volt DC submersible electric pump [9], [11], [12]. This type of 

pump is a pump that is dipped directly into the water by requiring a DC power source from the battery 

[13]–[15]. This is considered very effective because the pump's size and battery required are relatively 
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small and can be moved easily. Besides that, equipment installation can also be done quickly and more 

safely. This pump will be more efficient and used for a long time if the battery used can be recharged 

[16]–[18]. If the pump is used frequently, an electric pump with a battery and solar panels can be 

installed [19]. Several previous studies on the use of submersible pumps only focused on designing and 

testing the pump's ability when connected to solar panels [11], [20]. In addition, another study 

conducted a test of the water discharge generated by the pump at the height of four meters. This study 

does not present the maximum height that can be reached by the submersible pump used [21]. In 

addition, several studies on the use of pumps with solar panels use AC-type pumps so that an inverter 

is needed to convert DC electricity to AC. Indeed, many DC pumps powered by 12 volt batteries have 

been manufactured. The flow of electricity from the battery to the pump is more stable with a DC pump 

than with an AC pump that uses an inverter, so the flow of electricity from the battery through the 

inverter is often unstable, affecting the pump's resistance [22]. 

 A DC submersible pump is a pump that can be completely submerged in water using DC 

electricity. The motor is tightly sealed and securely attached to the pump body. A submersible pump 

pushes water to the surface by converting rotational energy into kinetic energy. This is done by water 

being drawn into the pump and then by rotating the impeller pushing the water through the diffuser to 

rise to the surface. The main advantage of a submersible pump is that it does not need to be primed 

because it is already submerged in the liquid. Submersible pumps are also very efficient because they 

do not have to spend much energy to move water into the pump. The water pressure pushes water into 

the submersible pump, thus "saving" a lot of pump energy. Moreover, the submersible pump is quiet 

because it is underwater, and cavitation is never a problem, as there is no pressure "spike" as water 

flows through the pump. By submerging the entire pump body into the water, the submersible pump 

can work much longer than other types of pumps. 

However, what is the capability of a DC submersible electric pump? Is it able to push water into 

storage that is placed at a certain height? The answers to these questions are critical because if the 

storage height from the pump position is too great, the DC submersible pump will be unable to push 

water into the storage. Conversely, if the height of the storage is shallow, the hydrostatic pressure of 

the water in the storage is minimal, so that it is unable to push the water further, so irrigation with a 

long hose cannot be done. In addition, analysis of pump, storage, and battery specifications is critical 

to determine whether watering a particular plant can be done optimally. For example, rice plants that 

require more maximum irrigation than chilli plants certainly require a larger battery size and storage. 

Therefore, it is necessary to test the DC submersible pump first. The formulation of the problem 

to be answered in this study is how the effectiveness of the DC electric submersible pump used is seen 

from two indicators, namely (1) how long the DC submersible pump can operate using a specific size 

solar panel and battery, and (2) how the water flow changes generated by a DC submersible pump due 

to changes in storage height. 

 

2. Method 

This research is preliminary research before direct application in society. This research design uses an 

experimental research method with a quantitative approach. This research is divided into two activities, 

namely (1) determining how long a 12 volt 50 watts DC submersible pump can operate using 60 Wp 

solar panels and 20 Ah batteries, and (2) calculate the water discharge produced by DC submersible 

pumps at various storage heights. 

The equipment used in this study were (1) measuring tub (gallon) as storage which was used to 

determine the water discharge with a volume of 19 litres, (2) a stopwatch to measure the operating time 

of the DC pump, (3) a meter to measure the height of the storage, (4) 12 volt 20 Ah battery as the 

primary source, (5) cables as a liaison between electronic components, (6) a hose with a diameter of ¾ 

inch for draining water from the water source to the storage, and (7) 60 Wp solar panel which functions 

to charge the battery. A view of the solar panels and a schematic of the research carried out are shown 

in Figure 1. 
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Figure 1. (a) 60 Wp solar panels and their components; (b)Arrangement of experimental instruments. 

 

In this study, there are two primary sources. Primary data is obtained by operating a DC pump 

connected to a battery and solar panels. The pump placed in the basin will drain the water using a 5 

meters long hose. The end of the hose is then placed back into the basin so that the water circulates. The 

data collection process can be seen in https://youtu.be/7w2pRxuzTQI. Primary data collection is also 

carried out by flowing water from the water source to the gallon (storage) for variations in height and 

is carried out seven times. Initially, the researchers wanted to take data up to a height of 5 meters 

according to the DC pump specifications. However, equipment limitations so that the maximum height 

that can be done is 3.5 meters. The volume of gallons used is 19 litres. The discharge can then be 

determined after obtaining the gallon filling time to the full. This discharge can also be estimated how 

long it will take to fill the storage commonly used by farmers. In addition, the data obtained can be used 

to analyze the capacity of batteries and solar panels used for application in the community. The results 

of this research data collection were then analyzed the data and then presented in a graph. 

 

3. Result and Discussion 

In the first activity, data collection was carried out from 10.00 volts, with the output voltage produced 

by the solar panel was 20.98 volts. While the power and current entering the battery are 4.6 watts and 

0.37 A, respectively. The battery voltage before data collection is 12.7 volts. As shown in Figure 2, 

battery voltage data retrieval is performed every 20 minutes to obtain data on changes in battery voltage. 

 

 
Figure 2. Relationship between battery voltage and time. 
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The selection of the type of trendline is based on the suitability of the research data curve. The 

polynomial trendline is closer to the data curve than if using other trendlines. With the equation of the 

relationship between the two variables on the graph, we can predict the battery voltage at any time. 

From the graph above, it can be seen that for 2 hours 40 minutes. There was a decrease in battery 

voltage. In other words, within 160 minutes, the battery voltage is reduced by 2 volts until it reaches a 

minimum voltage of 10.7 volts. Compared with theoretical calculations, the duration of operation of a 

50 watts DC submersible pump uses a 20 Ah battery, assuming a maximum voltage of 14.4 volts and a 

minimum voltage of 10.7 volts is 228 minutes. The difference in time duration is because the battery 

used is not at the maximum voltage. Therefore, it is necessary to collect data by first making sure the 

battery is at maximum voltage. However, with the trendline polynomial equation on the graph, it can 

be predicted that the operating time of the DC pump at the maximum voltage to the minimum battery 

voltage is ± 240 minutes. So, it can be concluded that the use of solar panels increases the duration of 

operation of the DC pump by 12 minutes. 

Further research should be carried out using batteries with the exact specifications and with 

maximum initial voltage. It aims to strengthen conclusions about the effect of using solar panels. In 

addition, data collection was also carried out two times, namely without solar panels and with solar 

panels. So, with the specifications and initial conditions of the battery and other variables made the 

same, it can be clearly concluded the role of solar panels. 

After the equipment is arranged, as shown in Figure 1b, data were collected by the team. The 

primary data obtained is the time to fill gallons. Then the time in "seconds" is converted to units of 

"hours" to obtain the resulting water discharge. The following are the test results of a DC submersible 

electric pump for height variations. 

Table 1 shows that data was collected seven times by increasing the height by 0.5 meters each 

time. The time to fill a gallon with a volume of 19 litres is measured using a stopwatch. Time in seconds 

is then converted into hours. So that with the discharge equation, the water discharge from the 

submersible pump is obtained in units of litres/hour. Table 1 also shows a decrease in water discharge 

as the height of the gallons increases. Graph analysis with Excel is used to see and determine the 

equation that relates the height of the gallon to the water discharge generated by the pump. The 

description of the relationship between gallon height (h) and water discharge (Q) is shown in Figure 3. 

 
Table 1. Water discharge according to the storage height (gallons). 

 

Height 

(meter) 

Time 

(second) 

Time 

(hour) 

Discharge 

(litre/hour) 

0.5 31 0.008611 2,206.452 

1.0 35 0.009722 1,954.286 

1.5 41 0.011389 1,668.293 

2.0 50 0.013889 1,368.000 

2.5 65 0.018056 1,052.308 

3.0 112 0.031111    610.714 

3.5 347 0.096389    197.118 

 

 
Figure 3. Graph of the relationship between gallon height and discharge. 
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Table 2. Charging time and battery specifications according to the storage volume. 

 

Volume (litre)  Time (hour)  Type of Accu (V; Ah) Information 

    300     1.52 
 12 V 20 Ah  Suitable 

 12 V 50 Ah  Suitable 

    500    2.54 
 12 V 20 Ah  Suitable 

 12 V 50 Ah  Suitable 

 1,100    5.58 
 12 V 20 Ah  Not Suitable 

 12 V 50 Ah  Suitable 

 2,200  11.16 
 12 V 20 Ah  Not Suitable 

 12 V 50 Ah  Suitable 

 

The water discharge data for various gallon heights are then linked to a graph in Excel. Then a 

trendline option is carried out to see the pattern/shape of the relationship between the two quantities. 

The selection of the type of trendline is based on the suitability of the research data curve. Trendline 

polynomials are closer to the data curve than when using other trendlines. By using a second-order 

polynomial, an equation that relates the water discharge on the y-axis and the height on the x-axis is 

obtained (Equation 1). 
 

𝑄 = −76,95ℎ2 − 358,71ℎ + 2396 (1) 
 

Where Q is the water discharge produced by the pump and h is the height of the storage. This equation 

is critical to predicting the maximum storage height. Because the equipment owned can only take 

measurements at the height of 3.5 meters, measurements at the maximum height based on the guidance 

(5 meters) cannot be carried out. By using Equation 1, the discharge will approach zero if the hight or 

h value is 3.71 meters. In other words, the maximum height of the storage that a DC 12 volts submersible 

pump can reach is 3.71 meters. This is different from the specifications written on the guidance, where 

the maximum height that can be reached is 5 meters. This may be due to the diameter of the hose used 

in this study is ¾ inch. It is possible that if you use a hose with a smaller diameter, it can reach heights 

of more than 3.71 meters. Further research is needed to draw general conclusions. 

In general, farmers use different volumes of water storage tanks for irrigation of secondary crops. 

We have found various sizes of storage volumes in the market. Assuming the storage height is 3.5 

meters, of course, filling the storage requires different times. For large volume storage, the battery 

capacity needs to be enlarged to fill the water storage until it is full. The type of battery with volume 

and weight that can still be below everywhere is a battery with a specification of 12 volts 50 Ah, which 

can be used for 9.59 hours. According to the analysis results, the following calculations are the time 

needed to fill various sizes of storage tanks. 

Table 2 demonstrates that the greater the size of the storage volume, the longer it will take to fill 

the storage is also greater. In fact, the duration of filling can be reduced by reducing the storage height, 

but the hydrostatic pressure generated by the water will decrease so that water cannot flow very far. 

This is effectiveless for large plantations.  

 

4. Conclusion 

Based on the results of data collection and analysis, it can be concluded that (1) the use of 60 Wp solar 

panels can increase the duration of operation of the 12 volts 50 watts DC Submersible pump for 12 

minutes or about 5.2% of the time duration if solar panels are not used; and (2) there is a decrease in 

water discharge if the height of the storage which is formulated is increased. The maximum height of 

the tub that the 12 volts 50 watts DC pump can reach is 3.71 meters when a hose with a diameter of 34 

inches is used. This is in contrast to the pump's specification, which states that it can push water up to 

a height of 5 meters. The hose diameter probably causes this to use a smaller diameter so that the range 

(speed) of water flow is more significant. To reach a more general conclusion, additional research with 

high-voltage batteries is required, so that the duration of operation of the DC pump can be calculated 

directly from the study's findings. Furthermore, data must be collected without using solar panels to 

compare the data so that the value of the influence of using solar panels can be obtained directly from 

the data, rather than through predictions based on the equations that appear on the graph. 
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