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ABSTRACT: The majority of the population in Kaliwungu Lor Village, Purworejo District work as farmers. The irrigation system in the 

village generally still uses semi-technical irrigation and rainfed paddy fields. In the dry season, rainfed fields often experience difficulties in 

producing paddy due to the difficulty of water for irrigation. In 2020, the Provincial Government of Central Java provided assistance in the 

form of a Solar Water Pumps Systems (SWPS) with a capacity of 11 kWp to irrigate 15 hectares of paddy fields. The system is expected to 

distribute water from the Kranjang River to agricultural land in Kaliwungu Lor Village during the dry season. This study examines the effect 

of SWPS installation on the economic conditions of farmers in Kaliwungu Lor Village. The research used a survey method with a quantitative 

approach. A paired sample t-test was conducted to evaluate the statistical significance of operational cost differences before and after the 

implementation of the SWPS. The analysis was carried out at a 95% confidence level with a significance threshold of p<0.05. Based on the 

results of the research conducted, the construction of SWPS in Kaliwungu Lor Village can increase the harvest period for farmers, which was 

originally 2 times/year to 3 times/year, there are 108 tons/year. In addition, the SWPS reduced operational costs previously spent on diesel fuel 

for irrigation pumps during the dry season. Farmers saved Rp 37.311.750/per planting period in 2020-2021 and Rp 49.266.000/per planting 

period from 2022-2025. 
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INTRODUCTION 

Solar Water Pumps Systems (SWPS) have been used from 1964 – 1966 until now, many journals discuss SWPS development, operating systems, 

and optimization, this was studied and reviewed by Olga V. Shepovalova, et al (Shepovalov et al., 2020) (Pratilastiarso et al., 2021). Rosa J. 

Chilundo, et al researched the mathematical design of the potential use of electrical energy for irrigation and to supply water needs in horticultural 

crops with various growth phases by studying the case of the capsicum plant in Mozambique (Chilundo et al., 2019). They also discussed the use 

of SWPS for irrigation as a green energy strategy to increase food production, so that it can increase social and economic growth and even increase 

the green economy in Mozambique (Arifin et al., 2020). SWPS can also be used and developed as an irrigation system for sugar cane farmers in 

Australia, where this has been researched by J.W. Powell, et al (Powell et al., 2017). Many researchers have created analysis software or 

mathematical methods to improve SWPS optimization to help meet water or irrigation needs, one of which is Sergio Gualteros and Daniel R. 

Rousse who discuss open access software for rural communities with off-grid systems (Gualteros & Rousse, 2021). Pushpendra Kumar Singh 

Rathore, et al even discussed policies that could be implemented by the Government to increase the use of SWPS in the agricultural sector in India 

and could even be implemented globally (Rathore et al., 2018) (Vishnupriyan et al., 2022). This is because SWPS can replace diesel water pumps 

that use fossil fuels as an excess, and can reduce carbon dioxide emissions caused by the use of diesel engines. Even PATS also has feasibility in 

the financial sector when compared to the use of diesel water pumps. 

Kaliwungu Lor Village is one of the villages in Ngombol District, Purworejo Regency, Central Java, where ± 90% of the population work as 

farmers. According to data from Statistics Indonesia in Purworejo District, Ngombol District in Figures 2019, the area of paddy fields in Kaliwungu 

Lor Village reaches 76.66 Ha. Agriculture in Kaliwungu Village is still classified as simple agriculture, this can be seen that the management of 

paddy field irrigation still uses a semi-technical irrigation system (60.00 ha) and rainfed paddy fields (16,66 ha).  
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Rainfed paddy fields are paddy fields that only rely on rainfall to irrigate their fields so that during the dry season rainfed paddy fields tend to dry 

up and cannot even produce paddy. In Kaliwungu Lor Village, the irrigation system for rain-fed paddy fields during the dry season uses solar-

powered water pumps to distribute water from the Kranjang River to the paddy fields. The use of water pumps with diesel power can increase the 

operational costs of farmers in Kaliwungu Lor Village (Vishnupriyan et al., 2022). 

In 2020, the Provincial Government of Central Java, in this case, the Mineral Resources Energy Service of Central Java Province, will assist the 

Village of Kaliwungu Lor Solar Water Pumps Systems (SWPS) with a solar panel capacity of 11 kWp (Obalalu et al., 2023). SWPS is a water 

pump that uses a solar power supply with the help of solar panels to irrigate paddy fields, especially during the dry season. The government hopes 

that this SWPS can help farmers to reduce the cost of producing paddy fields, increase the planting season, and increase the use of new renewable 

energy in Central Java as environmentally friendly energy. This study aims to determine the effect of the installation of SWPS for irrigation systems 

on improving the economy of the people in Kaliwungu Lor Village (ENID, n.d.). 

 

LITERATURE REVIEW 

Solar Water Pumping Systems (SWPS) is a water pump that uses a solar power supply. Solar power loosens up into unidirectional electricity by 

using solar panels (Shyam & Kanakasabapathy, 2022) (Bucur & Isbǎşoiu, 2008). A solar water pump is one application in the utilization of solar 

power as an alternative energy that is environmentally friendly (Sianipar, 2017). The advantage of using SWPS for irrigating paddy fields is that 

it helps farmers to reduce operational costs due to the use of solar-fueled water pumps, the construction is relatively easy, especially near paddy 

fields which are usually located far from the PLN electricity network, maintenance, and maintenance of SWPS is also relatively easy and 

inexpensive. In addition, the solar panels used as a SWPS energy source produce environmentally friendly energy. The drawback is that the power 

generated tends to be unstable according to the intensity of the sun and the temperature received by the solar panel (Ma et al., 2024). 

 

MATERIALS AND METHODS  

The government in Kaliwungu Lor Village, Ngombol District, Purworejo Regency received assistance from the Central Java Provincial 

Government in the form of PATS with a capacity of 11 kWp to irrigate 15 ha of paddy fields. The type of PATS built in Kaliwungu Village is a 

PATS without batteries, so irrigation needs can only be fulfilled during the day in sunny conditions. The source of water used as a source of 

irrigation is the Kranjang River Dam. The irrigation water pump used is a submersible sewage centrifugal pump with a capacity of 8,162 kW and 

a design head of 7 meters, the amount of water discharge that can be produced per day is 1.080 m3 per day.  

 
Figure 1.  PV 11 kWp as a supply pump 

 

    
Figure 2. Water pump submersible type 8,162kW 

 

The method of conducting research carried out to determine the effect of installing SWPS on improving the economy of farmers in Kaliwungu 

Village, Ngombol District uses a quantitative research method based on survey results at the research location. The survey will be carried out in 

2025 when the use of PATS in Kaliwungu Village has been felt by farmers for about 5 years. A paired sample t-test was conducted to evaluate the 

statistical significance of operational cost differences before and after the implementation of the Solar water Pumping Systems (SWPS). The 

analysis was performed at a 95% confidence level with a significance threshold of 𝑝 < 0.05. 

 

RESULTS 

Influence on Sales Results Production of Harvested Dry Grain (GKP) 

SWPS is an irrigation pump that uses solar energy as its prime-over source (Maulidyna et al., 2021). All regions in Indonesia are areas with very 

high potential to use solar energy as renewable energy because the level of solar intensity is relatively constant throughout the year and is large. 

Photovoltaic is very suitable for use in the dry season because the intensity of the sun is greater than in the rainy season (Shofi et al., 2023).  SWPS 

installation in Kaliwungu Lor Village, Ngombol District, Purworejo Regency, Central Java can increase the paddy planting period from 2 (two) 
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times per year to 3 (three) times per year. Based on the results of interviews conducted with farmers on site, it was found that a paddy field with 

an area of 1 ha can produce about 72 quintals of grain. The magnitude of the increase in crop production in Kaliwungu Lor Village can be calculated 

by the equation below. 

𝑃𝑎𝑑𝑑𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝑝𝑎𝑑𝑑𝑦 𝑓𝑖𝑒𝑙𝑑 𝑎𝑟𝑒𝑎 × 72 𝑞𝑢𝑖𝑛𝑡𝑎𝑙/ℎ𝑎         (1) 

Where paddy field area is the area of paddy fields in hectares, and Σ production/ha is the amount of grain production that can be produced per 1 

hectare of paddy fields. 

By using equation (1) the result is that the grain products that can be produced by a 15 ha paddy field in Kaliwungu Lor Village is 108 tons in one 

harvest. The use of PATS can increase the number of harvests per year from 2 times per year to 3 times per year, resulting in an increase in grain 

production in a year as much as 108 tons of grain per year. The following is a comparative graph of the effect of the average selling price of grain 

per year in Kaliwungu Lor Village, Ngombol District before and after the SWPS development. 

 
Figure 3. Graph of Comparison of Selling Paddy Production Results Before and After Development of SWPS in Kaliwungu Lor Village 

 

                                        Table 1. Average Sales of Dry Grain Before and After the Establishment of SWPS 

Year 

Average Sales of Dry Grain 

(in thousand Rupiah) 

Harvest before SWPS Harvest after SWPS 

2020 1.046.493 1.569.740 

2021 983.182 1.474.772 

2022 1.057.465 1.586.198 

2023 1.282.716 1.924.074 

2024 1.312.187 1.968.280 

2025 1.528.650 2.292.975 

 

Influence on Saving Operational Costs for Processing Paddy Fields 

Before there is construction of SWPS in Kaliwungu Lor Village, during the dry season the need for irrigating rainfed paddy fields was assisted by 

a diesel water pump using diesel as the prime over source. The diesel water pump functions to help collect and distribute water from the Kranjang 

River to the rainfed paddy fields in the vicinity. The diesel water pump for the irrigation system in Kaliwungu Lor Village is operated 24 hours per 

day for one week in a row. The break period from using diesel pumps for irrigation systems is only 3 days, after which they operate 24 hours a day 

for one week. This operating cycle repeats continuously until harvest time arrives. The paddy planting period in Kaliwungu Village is 

approximately 3 months. 

In Kaliwungu Lor Village, there are 3 diesel pumps used for irrigating the western paddy fields, and 1 diesel pump for the eastern pump. The 

amount of fuel needed to power the diesel water pump in Kaliwungu Lor Village is 23 liters/pump/day. The use of diesel pumps to assist the 

irrigation system in Kaliwungu Lor Village adds to the operational cost burden for farmers. The potential savings that can be made by farmers due 

to the replacement of diesel pumps with SWPS for irrigation systems during the dry season can be calculated using the following equation. 

𝑆𝑎𝑣𝑖𝑛𝑔𝑠 (𝑅𝑝) = 𝑓𝑢𝑒𝑙 𝑜𝑖𝑙 𝑝𝑟𝑖𝑐𝑒𝑠 × 𝑓𝑢𝑒𝑙 𝑜𝑖𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡𝑖𝑛𝑔 𝑝𝑒𝑟𝑖𝑜𝑑     (2) 

Based on the results of a survey conducted with farmer groups in Kaliwungu Lor Village, a minimum of 5 diesel water pumps are used during the 

dry season. The potential for operational cost savings with the construction of SWPS in Kaliwungu Lor Village in 2020 – 2025 can be seen in the 

table below. 

 

 

 -

 5,00,000

 10,00,000

 15,00,000

 20,00,000

 25,00,000

2020 2021 2022 2023 2024 2025

in
  
th

o
u

sa
n

d
s 

o
f 

  
R

p

Comparison of Sales Results of Paddy Production Before and After the 

Construction of SWPS in Kaliwungu Village

harvest before SWPS harvest after SWPS

https://doi.org/10.65150/EP-gjetr/V2E6/2026-01
https://creativecommons.org/licenses/by/4.0/


Glob. J. Eng. Technol. Res.02(06)2026, PP 164-168, DOI: 10.65150/EP-gjetr/V2E6/2026-01 

License: This is an open access article under the CC BY 4.0 license: https://creativecommons.org/licenses/by/4.0/ 
Corresponding Author: Pangestuningtyas Diah Larasati                                                                                     Page 167 | 168 

Table 2. Potential Savings in Operational Costs by Using SWPS 

Savings per planting 

period (Rp) 

2020 2021 2022 2023 2024 2025 

37.311.750 37.311.750 49.266.000 49.266.000 49.266.000 49.266.000 

 

DISCUSSION 

Influence on Sales Results Production of Harvested Dry Grain (GKP) 

Based on the Fig. 3 and Table 1, it can be seen that the use of SWPS in Kaliwungu Lor Village can increase the production of harvested dry grain. 

The selling price of harvested dry grain per month that can be produced by farmers in Kaliwungu Lor Village after an increase in the harvest period 

due to the construction of a SWPS with a capacity of 11 kWp can be seen in the figure below. The selling price of harvested dry grain in 2020 – 

2025 is based on the Average Monthly Unhusked Rice Price by Quality, Quality Components, and GPP at the Farmer Level taken from Indonesian 

statistical survey agency (Badan Pusat Statistik [BPS], 2025) (Vishnupriyan et al., 2022) (Obalalu et al., 2023). 

Development of SWPS in Kaliwungu Lor Village can increase the harvest period for farmers. This is due to the fact that during the dry season, 

farmers' paddy fields that use rain-fed irrigation systems can still get irrigation from the Kranjang River so even during the dry season the paddy 

fields in Kaliwungu Lor Village can still produce. The construction of SWPS in Kaliwungu Lor Village will begin in 2020. The implementation 

of SWPS in Kaliwungu Lor Village led to a 50% increase in farmers’ income compared to the period prior to the adoption of SWPS according to 

Fig.1 and Table 1 The selling price of dry grain is strongly influenced by the monthly selling price set by the government. 

Influence on Saving Operational Costs for Processing Paddy Fields 

Based on the Table 2, it can be seen that there is an increase in savings that can be implemented by farmers with the use of SWPS as an irrigation 

system in Kaliwungu Lor Village. In Table 2, it can be seen that the use of an irrigation system using SWPS is feasible to be considered for use 

and can help farmers in Kaliwungu Lor Village. Since 2022, the implementation of SWPS has led to a reduction in operational costs for diesel fuel 

used by irrigation pumps during the dry season, with savings reaching up to IDR 49,266,000 per planting season. The trend of rising fuel oil in 

Indonesia will increase gradually, this is because the Government will gradually reduce subsidies for fuel oil. Therefore, the use of SWPS is 

proposed as an alternative to diesel pumps for the irrigation system in Kaliwungu Lor Village. 

 

CONCLUSION 

The use of SWPS as an irrigation system in Kaliwungu Lor Village, Ngombol District, Purworejo Regency, Central Java is very helpful for farmers 

in the village. Farmers can reduce production costs by purchasing diesel fuel which is usually used in the dry season to help irrigate their fields. In 

addition, the use of SWPS can also increase the harvest period for farmers in Kaliwungu Lor Village, from only 2 harvest times a year to 3 harvest 

times a year.  

The SWPS built by the Provincial Government of Central Java still uses a system without a battery, so to increase the reliability of the SWPS in 

Kaliwungu Lor Village, SWPS should be equipped with batteries. In addition, there is a need for training of technical personnel for the operation 

and maintenance of SWPS in Kaliwungu Lor Village so that SWPS can be continuously used and utilized by farmers in Kaliwungu Lor Village. 
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