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Abstract: The solar water pump is a system that uses electrical energy from the sun's light source.
This technology has begun to be developed and applied to various aspects, one of which is the
agricultural and plantation irrigation system in the concept of smart farming. The application of
SWPS, which is user-friendly, easy to monitor and control, easy and inexpensive to maintain, and
provides many benefits, makes this technology widely applied in the agricultural and plantation
sectors, one of which is Thailand. This study aims to determine the application and usefulness of
SWPS in agricultural and plantation irrigation, which is integrated into the smart farming concept.
The method used in this research is descriptive qualitative. Collecting data is done through direct
observation of SWPS users, while the analysis is carried out descriptively. Thailand uses SWPS in
agricultural and plantation irrigation systems to support food security as part of implementing smart
farming. SWPS has proven to be effective and efficient in providing water for irrigation. This
technology is easy to operate and maintain and is inexpensive to maintain. The application of SWPS
is also very much cheaper when compared to the use of diesel to drive pumps in agriculture or
plantations, where the need is relatively high. Applying SWPS irrigation systems benefits farmers in
terms of increasing the productivity of agricultural products, increasing income, increasing the
efficiency of agricultural processes, and improving product quality.

Keywords: solar water pump system (SWPS), agriculture and plantation, smart farming,

irrigation system.

1. Introduction

Agriculture is one of the crucial sectors in building food
security that requires technical support to maximize its
results. The support of various technologies is applied by
many countries in every agricultural process, such as in
the process of irrigation, seeding, fertilization to
harvesting. One of the countries that use technology in
agriculture is Thailand. Geographically, Thailand is a
mountainous highland, central plains, and highlands with
the main river Chao Praya and its tributaries forming an
agricultural economy. This geographical condition is
Thailand's advantage in being an agrarian country. The
government in Thailand pays special attention to the
irrigation system utilizing solar power, which is a solution

to many areas in Thailand that are still short of electricity.

Farmers in remote areas have implemented solar power as
a source of irrigation water pumps. Thailand has the
potential to take advantage of this unlimited energy
considering that the average daily radiation per year is
18.0 MJ/m2-day". The solar-powered irrigation system is
one of the Ministry of Energy's programs under the
Alternative Energy Development Plan (AEDP) 2015-
2036?. With the widespread use of solar water pump
systems in remote areas, monitoring systems for
assistance systems are essential so that troubleshooting
can be done remotely with the help of expert technicians
and local operators. The concept offered by Thailand is an
irrigation system with integrated monitoring and
automatic running that can support smart farming.

Smart farms are agricultural developments that
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highlight the use of information and communication
technologies in all cycles of agricultural management. ¥,
Smart farming is fully equipped with the role of machine
learning as insight seeking and decision making from the
results of the deep learning data. Smart farming is
equipped with [oT (Internet of Everything)-based sensors
placed on agricultural land, making it easier for us to
collect data. Smart farming should be hands-free so that
farming practices are more precise and under control. An
important component of this farm management approach
is the use of information technology and tools such as GPS,
robotics, drones, and autonomous vehicles*> control
system is developed to improve effectiveness, efficiency,
and accuracy. Monitoring and action instructions through
wireless communication that allows being carried out
through gadgets.

Based on data from a solar water pump company
(SWPS) widely used in Thailand, from 2010 to 2019, 63
installations were for irrigation, while the others were for
clean water, communities, and swimming pools®. The
application of irrigation utilizing solar power in Asia is
more comprehensive than in Thailand, Bangladesh,
Pakistan, India, Sri Lanka, and Indonesia have also started
implementing the same system. In Indonesia, 147 regions
apply for various installation purposes, one of which is for
irrigation”. Most of the installations are government
procurement programs in areas yet to be covered by
electricity and far from water sources®. Using SWPS as a
system in smart farming provides innovations in using
renewable energy to assist agricultural irrigation systems.
The benefits obtained are an increase in the productivity
of agricultural products and help the government realize
national food self-sufficiency?.

Water pumps using solar power only require solar
energy for operation. SWPS will keep working no matter
if it is cloudy or rainy. It only affects the resulting energy
discharge.

Another advantage of using an SWPS system is no need
separate operator is required to operate the pump as the
system is self-contained'?, easy to install and maintain'D.
A solar pump does not require a diesel supply, and does
not emit gas that is clean and environmentally friendly.
The SWPS system can reduce CO? emissions over a 25-
year lifespan'®. In addition to operational and
environmental aspects, SWPS is also economically
beneficial. It was shown through a positive NPV (Net
Present Value), an IRR (Internal Rate of Return) value of
30% when compared to the purchase price of a tank truck,
34% when compared to the purchase price of jerry cans.
Net Benefit-Cost Ratio (Net B/C) is more significant than
one, indicating that the SWPS system is profitable from
an economic point of view!?. Meanwhile, The purpose of
this study is to determine the application and benefit of
SWPS in smart farming on agricultural irrigation systems
in Thailand, also comparing smart farming and
conventional farming.

2. Literature Review

2.1 Smart Farming Concept

Limited natural resources, costs, and agricultural
productivity are becoming increasingly unavoidable
problems. This challenge in the agricultural world
becomes an opportunity for innovation along with the
rapid development of technology so that the concept of
smart farming is created that utilizes IoT technology. The
primary domain of using IoT in agriculture is to increase
resource efficiency so that productivity optimization is
obtained, known as precision farming. IoT in precision
farming is used in various monitoring applications such as
weather conditions, soil fertility, disease or plant health,
pesticide distribution, and irrigation!¥. Through the data
that has been collected related to land and environmental
conditions, it can be predicted the right time and location
for planting and harvesting so that optimal yields are
obtained. IoT supports system operations with continuous
performance logging for integrated and remote analytics,
prediction, and forecasting of future activities'®.

Al analyzes field sensors' values for temperature,
humidity, light intensity, wind speed, pH, air pressure, and
more to increase field output and reduce the risk of
failure'®2%. For example, irrigation will automatically
activate when low soil moisture is detected. Artificial
intelligence has many benefits, such as greater efficiency,
reduced environmental impact, and fewer workplace
injuries?”. Reducing the risk generated by precision
farming is to prevent routine activities on plants that pay
attention to field conditions and improve management
effectively. For example, minimizing pesticide wastage
for effective weed, pest, and disease control and ensuring
that crops receive adequate nutrients leads to highly
effective green farming. Specifically, precision farming is
a management strategy that uses information technology
to improve agricultural quality and production?®. Those
may develop either sustainable agriculture or income for
communities®.

e,
Process, Analysis, Al)

Transfer Data
(sensor)

Transfer Data
(&ction Data)

Transfer Data
(Data Processing))|

Instruction 5
Decision —_— Execution

Monitoring

Figl. General operation concept!”.

The concept of smart farming, as shown in Figure 1,
consists of 3 main things: monitoring, decision, and
execution. At the same time, the smart farming platform is
based on three leading platforms: science, innovation, and
space technology. Space technology is vital in mapping
soil quality, water flow and supply, and sharing
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agricultural information. A large amount of geospatial
data from various sources collected with groundwater and
satellite aerial sensors and monitoring equipment is
analyzed and used for smart agriculture and crop
protection. Science and Innovation Various innovations,
such as drones in agriculture are used for precise genetic
manipulation of plant epigenetic Big Data and the Internet
of Things?¥.

Smart farming uses technological resources that assist
in various stages of the production process, such as
plantation monitoring, soil management, irrigation, pest
control, and shipment tracking. These resources include,
among others, temperature, luminosity, humidity, pressure,
soil chemical concentrations, unmanned flying equipment,
video cameras, agricultural information management
systems, global positioning systems (GPS), and
communication networks?”. Fertilizers and pesticides are
important for better agricultural and food production. This
situation is much easier if you use automated systems such
as smart farming concept®®. Smart farming is expected to
optimize food production by using more nutrients in the
soil while reducing the number of pesticides and water
used in irrigation.

2.2 Solar Water Pumping System (SWPS)

Solar water pumps are water pumps that are powered
by the sun's energy to pump water. Physically the
operation and installation of this water pump are similar
to the conventional water pump. The only difference is the
solar panel which integrates the water pump system as a
source of electricity to operate the water pump. Solar
water pumps are based on photovoltaic (PV) technology
that converts sunlight into electricity to pump water. The
PV panel is connected to a controller to convert the
electrical energy supplied by the PV panel into mechanical
energy for the water pump motor. PV monitoring helps
maintain SWPS efficiency?” !9, The pump converts the
mechanical rotation into hydraulic energy to draw water.

Insolation

/ PV array

Junction box

Overflow protection sensor

/

Inverter

Pressure sensor

- Raw water
a— ‘/ Tow meter ank
. tank
il ,—‘.‘/ |
T *

Well — Feed line

Pressure
SENSOT

ssamammnnns  Consumplion
Pump
Motor e m—uam Power line

Aquifer — Eleciric signal

Fig 2. Solar water pump system configuration®

Based on figure 2, the capacity of a solar water pump
system to pump water has three main function variables,

pressure, flow, and power??. Solar water pump systems
are widely applied for various purposes, including
household purposes, irrigation, ponds, swimming pools,
and others. The photovoltaic-powered irrigation system
has been adopted in many places®®. Photovoltaic (PV)
power for irrigation has a competitive price compared to
traditional energy sources for small-scale water pumping
needs. As fossil fuel costs continue to rise and large-scale
photovoltaic production reduces the cost of photovoltaic
cells, the future will become more economical 3V.
Embedding [oT into solar water pump systems will make
it operators easily to maintain and monitor the system!®.
It may relate to smart farming systems. PV-powered water
pumping systems have become attractive for livestock and
agricultural applications in remote locations with limited
access to conventional electricity.

Designing IoT-based solar energy systems for smart
irrigation is essential for smart farming systems facing
water and electricity shortages. The controller can read the
field's soil moisture and temperature sensors and send the
appropriate activation command signals to start the
irrigation pumps. The controller also monitors the water
level, which is important, so the pump motor does not
burn out due to the water level in the well*?. The use of
IoT with voltage and current sensors from solar energy
sources increases the potential efficiency and
effectiveness of the smart farming system as an alternative
and environmentally friendly source of electricity™.

3. Research Methods

This research is a qualitative descriptive study. The
research approach used is a qualitative socio-critical
exploration approach. This approach aims to interpret the
phenomenon of activities and information submitted by
respondents. This approach also makes it possible to
generalize the information obtained to assist researchers
in understanding general aspects of a community or group
in sociocultural life*®. Primary data collection is done
through exploratory techniques, as in Table 1. The
observation method is a method of collecting data with a
strong methodological character for observing, recording,
and obtaining information about the research being carried
out®. Field surveys and interviews made observations
with SWPS users in Thailand.

Table 1. Primary data collection observation

Method Goals Implementation
Survey and Knowing  the e Identify the
observation  condition of the performance  of

solar water the  installation
pump  system and components
directly. The used in the solar
survey was water pump
conducted at system.

two  irrigation

X - " e Observing the
installations in

process of
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Method Goals Implementation
Thailand, operating the
namely Nong solar water pump
Noch Garden in system.

Pattaya and one
installation  in
Buriram

Interview Exploring the e Ask about
information and community
perceptions involvement  in
from system planning
developers, and maintenance.
installers, and o Ak about the

the community participation  of

the government,
developers, and
the community in
the program.

4. Result and Discussion

Indonesia and Thailand are close to the equator, so they
have abundant sunshine throughout the year. Both are also
known to be agricultural countries with food security as
one of their priority programs. Of course, to achieve this
program, government support is needed in terms of
agricultural infrastructure and knowledge of farmers. The
Thai government, through the Department of Alternative
Energy Development and Efficiency (DEDE), the
Ministry of Energy funded the manufacture of solar water
pumps used for irrigation systems. The government funds
from the manufacturing process to installation
maintenance. The government also works with
universities to review and evaluate the system's
performance. With the government supporting these
farmers, the community forms a community to maintain
the existing system®®. With the use of SWPS, Thailand
has saved energy use of 1,680 USD per year at a fuel price
of 0.85 USD*".

This study made field observations at two pilot
installations in Thailand, Pattaya, and Buriram. The
installation in Pattaya is at Nong Noch Garden, which is
privately owned, while the government owns the other
installations. In general, the main components of a solar
water pump system consist of photovoltaic, submersible
pumps, water storage, as well as necessary accessories
such as surge protection, level sensors, and so on. It is
recommended that the SWPS installation is not equipped
with a battery because the battery has a high maintenance
cost in addition to safety and efficiency factors. Storage is
recommended not in the form of a source of energy in the
form of storing water. This is also stated in IEC 62253-
2011 concerning photovoltaic pumping systems — design
qualification and performance measurements®® 3. This
standard can be used as a guide and procedure in installing
the SWPS system so that problems in SWPS can be

minimized?.

3.1 Nong Nooch Garden

Tourism development requires a supply of energy and
water as the basic needs of tourists*”. Tourism
development requires a supply of energy and water as the
basic needs of tourists. Especially in the Nong Nooch
tropical garden, which is located quite remotely and
widely, requires large amounts of water to irrigate all the
existing plants. To meet water demand, the previous
system required two diesel pumps installed on a rainfed
lake located 1.6 km from the park site. The diesel and
water pumps are installed floating in the middle of the lake
to adjust the water level, which varies depending on the
season. Due to environmental reasons and diesel that once
leaked and polluted the lake, ]decided to wuse
environmentally friendly energy, namely PV, to supply
water at Nong Nooch Garden. Installation was done in
November 2018.

Kebun Raya

Artificial lake for garden water

Rainfed lake (main water source)

o

| chi Ch
Simrnle €

Fig 3. Description of Nong Nooch Garden location and water
source

Based on figure 3, the installation is located in the
tourist area of Pattaya with coordinates 12° North; 100°
East has a water requirement of 1,400 m? per day for an
area of 2,400 ha. The submersible pump is installed under
a floating platform in a 10 inch pipe to cool the motor with
bypass water sourced from the lake. The total dynamic
head (TDH), which is the difference in height between the
water source and water storage, is 37 meters. The
accessory components are surge protection, level sensor,
and Liquid Pressure Sensor. This is a hybrid installation
combined with diesel as a backup power source when the
SWPS is not operating. However, since the creation of the
system in 2016, SWPS has not experienced significant
problems. The design shows that the required panel output
is 53.2 kW using the PSk2-40 C-SJ 120-3 pump. The
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system is built similarly to the design, and installation of
the pump is carried out on a floating chart using the pipes
provided by the previous system (figure 4 and figure 5).

||'Aummmv- "

i

th

Fig 4. (a) Photovoltaic (power source); (b) Submersible
pump floating pump chart; (c) Previous diesel engine
installation

EED) 24X DL 465001101 n3 84 % B % .0 65% @ 11:008m
) 18219249 PSk240G501203 ), 18219249 Psiz-a0 811203

Actual Data

5 0 0.0
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0
el ot 680 55 0
36kw 210 mem =
s Vokage [— o ®
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38 ®
gt Curent CableLo T ) (O]
53a 0.1 29.0 ®
fa— 1110 59
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1 feet— 3.76bar 0 00
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Fig 5. Actual data using Compass as a monitoring system on
November 5, 2019

To calculate the system's efficiency is to know the
Hydraulic Power (Ph) and the incoming Power (Pin). The
equation (Ph) and Pin are contained in equations (1.1) and
(1.2). The values of Vin and lin are obtained through real
data collected in the monitoring system registered on the
device through a gadget synchronizing the controller's
identity. Based on field data, it found that the value of the
differential head (h), which is the TDH is 37 meters. The
measurement of the pump efficiency value is obtained by
following equation (1.3).

P, = axpxgxh (1.1

3,6x10°
P = Vin X Iy (1.2)
n=--x100%  (1.3)

Nomenclature:

Pn =hydraulic power (kW)

q = flow capacity (m3/h)

p = density of fluid (kg/m3) =1000 kg/m3 for water
g = gravity (9,81 m/s2)

h = differential head (m)

Pin = Input Power (kW)

Vin = Input voltage (V)

Iin = Input Current (A)

%nm = Total efficiency

Following the equations in (1.1), (1.2), and (1.3), the
results of the calculation of the efficiency of the Nong
Nooch Garden installation pump are as follows:
m3

210(h

k m
) x 1000 (m—%) x 9.81 (5_2) x 37(m)
3,6 x 106

Ph =
=21,17kW
P, = 685(v) X 53(A) = 36,3kW

_ 2117kW

= 0 = )
36,3k x 100% = 58,3%

n

The efficiency of the SWPS pump is affected by the
height difference, PV quality, type of pump, and system
life. Some works of literature say that the efficiency of
centrifugal and helical pumps has different values. In the
helical rotor pump, the efficiency is said to be good at a
value of 48%-60%, while the efficiency of the centrifugal
pump is at a value of 35-65% 3%. The solar power system's
output at the time of data collection is very satisfactory
with an average discharge of 210 m3 per day or 117% of
the desired target rate. The installed system has a very
good efficiency of 58%. The efficiency value is useful for
monitoring the annual decrease in efficiency so that it can
be planned for preventive maintenance such as pump
replacement or system power addition.

Given the vast irrigation area and different water needs,
the irrigation system is supported by good and scheduled
water management. Scheduled irrigation is proven to
reduce operating costs and water usage*'*?. Monitor the
water supply in real time and remotely. Damage to
irrigation components and water availability can be
detected through SWPS performance indicators in the
monitoring system so that mitigation can be carried out
earlier and on target*).

3.2 Multi Farming in Buriram

Most of the SWPS installations in Thailand are for
irrigation. This installation uses irrigation for irrigation,
fisheries, and drinking water. The government initiated
this multi-farming concept and provided agricultural land
and plantations to farmers with irrigation water flowing
using SWPS. This installation was built in 2017 with a
description of the location in the lowlands. The
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controller's location is under the PV module, about 30
meters from the water source. The height of the water
storage is about 5 m above the surface of the water source.
Storage consists of main storage, which accommodates
1,000 liters which are then distributed to storage with a
smaller capacity at several points of rice fields. This
storage division serves to stabilize the availability of water.
Installed is a PS2-1800 8-7 pump unit with a 3000 Wp
solar generator and an AC power pack to run the pump at
night or in cloudy weather. The installation specification
is the daily water requirement of 10 m*/day for a land area
of 3.2 hectares (ha). The total dynamic head (TDH), which
is the difference in height between the water source and
water storage is 25 meters. The water source is a well of
about 7 meters with a depth of 40 meters. The investment
cost required for this installation is 14,000 USD.

= 14848129,1028891455

Water | 8
Storage

14°50'53.3'N 102°5317.3°E

14848129, 102888145

Fig 7. Multi farming in Buriram, Thailand layout system

The layout of the multi farming system in Buriram is

presented in Figure 7, where there are five main
components, namely the PV module (15), controller (1),
submersible pump (2), grounding rod (6), and water
storage (11). Each installation may have a different system,
but five main components exist. Some of the accessories
used in this installation are the sun switch (12), water level
sensor (4), surge protector (7 and 14), water meter (9), and
pressure sensor (10). Grounding and surge protectors are
needed in areas with frequent lightning intensity (figure 6
and figure 7).

The type of pump used is a centrifugal pump. In
contrast to the pump used in Nong Nooch Garden, a
centrifugal pump is used because this irrigation

maximizes water flow with a manageable TDH. The
SWPS installation is not as complex as in Nong Nooch
due to the different load of water requirements. The
system layout in the Buriram installation is simpler
because it does not plan the use of other power sources
and requires a small power source.

(© (d)

Fig 8. Buriram installation description (a) PV installation;

(b) fish pond, (c) Main water storage and one of distribution
storage, (d) One of farm

Figure 8 shows that irrigation uses flood and spray
types at this site. The flood type is used for plants that
require a lot of water, such as rice, while the spray type is
used for plants that don't need water, such as lemongrass
or peanuts. This combination of irrigation types is
included in modern agriculture*® and can be done
remotely. Different types of irrigation are also included in
water use management.

Table 2. Actual data of Buriram installation on November 5, 2019

Name of Data Value Name of Data Value
Input Power 1.5 kW Flow Rate 9.7 m’h
Input Voltage 125V Irradiation 1030 W/m?
Input Current 12.0 Motor Speed 2930 rpm
Motor Current 12.3 Controller Temp 45°C

Cable Loss 4.6 % TDH 25m
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Following the equations in (1.1), (1.2), and (1.3) and the
actual data in Table 2, the results of the calculation of the
efficiency of the pump installation in Buriram are obtained
as follows:

m3 k m
9,7 (T) x 1000 (m—%) x 9.81 (5_2) x 25(m)

3,6 X 10°

Ph=

= 0.661kW
P, = 125(v) x 12,4(A) = 1,55kW

_ 0,661kW
= 1 55kw

The pump efficiency calculation is 42.6%, indicating
that the pump still performs well. The lower efficiency
value compared to the system at Nong Nooch Garden is
possible due to routine and periodic maintenance, such as
private management. Farmers at the Buriram site also
create a community to take care of the installation even
though the government routinely monitors and maintains
the system’®).

SWPS installations in Thailand and Indonesia are
similar in systems and installations. The installations of
these two countries use the main components, namely PV,
controllers, and pumps with dimensions and capacities
tailored to the needs, without using batteries as energy
storage facilities. The most distinguishing thing is related
to the purpose of using SWPS. In Indonesia, most use
SWPS to fulfill one of the basic human needs, namely
water for consumption”. Meanwhile, in Thailand, most
SWPS are used as facilitators of the agricultural and
plantation systems to improve the country's food security
ratio. The implementation of SWPS in Indonesia is mostly
implemented in remote areas with remote access to water
sources and no electricity coverage®. At the same time, in
Thailand it is applied in agricultural areas, plantations, and
even tourist areas. Indonesia is an agrarian country with a
large agricultural area that produces a variety of
agricultural products*¥, so the application of SWPS will
provide benefits to increase agricultural production.

X 100% = 42,6%

3.3 Internet of Things (IoT) on smart farming

In general, IoT technology can be interpreted as all
types of devices consisting of chips, sensors, and
instruments connected via data networks, both to other
IoT devices and to other computing devices, such as
servers, computers, or mobile devices like cell phones®).
This IoT device usually functions to collect data, which is
then sent to a server or cloud service for further analysis.
Sometimes, some or all of this data can also be processed
locally to speed up the process when IoT devices require
faster data processing results’®. When applied in the
agricultural sector, IoT technology can be used to monitor
the condition of agricultural land in real time. This
monitoring uses, among other things, ground sensors,
weather, UAV technology, or drones™?.

10T Based Smart Farming

| l l l

Physical Structure Data Acquisition Data Processing Data Analytics
v
/
Sensor/ Device 10T Data Acquisition | - Image V.l deo Monitoring
Processing
Actuator/ Controller Standard Data lp| DataLogging
Acquisition Logging
Microcontroller | p| Decision Support
Systems
Control S Data Mining

Fig 9. IoT Based on Smart Farming

Table 3. IoT architecture on smart farming
Area Description

Application Plantation monitoring, disease control,

irrigation

Processing  Data storage, data filtering, data
processing, and analysis services

Transport Network protocols, application
protocols
Perception  Sensor nodes, GPS

Based on Figure 9, IoT for smart farming systems
consists of 4 main parts: physical structure, data
acquisition, data processing, and data analytics®®. In the
Smart Farming concept, IoT technology does not stand
alone but must also be applied side by side with other ICT
technologies so that we can get maximum benefits. As in
different IoT applications, the cloud is often used as a
control center for processing data collected from IoT
devices because loT devices usually do not have the
computing capacity needed for data processing. Data
network technologies can connect various IoT devices,
ranging from short-range wireless technologies such as
Bluetooth to radio and cellular networks. Artificial
intelligence technology can be applied to IoT for various
purposes. As presented in Table 3, each area of the smart
farming system has an IoT system that works and is
interconnected to present data as a basis for decision-
making.

3.4 Benefits of implementing SWPS on smart farming
irrigation

Worldwide environmental concerns related to climate
change and global warming are pushing to reduce fossil
fuel consumption*®. Using renewable energy, such as
sunlight, to produce electricity can reduce the negative
environmental impact*”. Energy utilization is said to be
effective and efficient, and it can be seen from various
factors. Apart from increasing productivity, it can also be
seen from location factors, resource availability,

- 559 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 01, pp553-563, March 2023

government burdens and subsidies, and technological and

economic aspects of various components of the energy

system*®.

The application of SWPS in the agricultural sector
provides many benefits. Based on the results of interviews
with farmers and developers of the SWPS system in
Thailand, the benefits obtained by SWPS users in
agricultural and plantation systems are:

a. Guarantee the availability of water in all seasons so
that agricultural and plantation processes can be
carried out without being constrained by the condition
of the amount of water.

b. Agricultural and plantation production increases
through the availability of adequate water, it can be
harvested even in the dry season.

c. Improving the effectiveness and efficiency of
agriculture and plantation

d. Improving the welfare of farmers, in the economic
aspect, farmers can earn a higher income

e. Through the use of SWPS, farmers try to increase the
competitiveness of agricultural and plantation
products by implementing organic systems and Good
Agricultural Practices (GAP).

f. SWPS is easy to maintain and does not require large
costs in the maintenance process.

SWPS is a sustainable system, where building a
sustainable system can support an organization in
increasing the value of profitability and competitive
advantage 9. The benefits of implementing SWPS are
also obtained from the ease of securing water for daily
needs ®. By looking at the ease and benefits of using solar
water pumps, solar water pumps are an attractive
alternative to meet the water supply needs for agricultural
and plantation irrigation'®. Although the costs and
resources spent for SWPS installation are quite large,
SWPS installation can return capital, including subsidies
on PV modules, within six years*”. While the installation
of SWPS in India can pay back in less than four years with
huge savings over 16 years®?. In one of the installations in
Thailand, it was stated that the SWPS investment returned
4.3 years after installation’". Installation of SMART
PATAS (Solar Water Pumps) by LEN (PT Len Industri -
Persero) in Gorontalo can maintain the stability of water
supply to agricultural land in the dry season to avoid
drought, more economical when compared to generator-
powered water pumps>?. Using a diesel engine to pump
water will have an environmental impact, such as heavy
metal pollution in the air®®, and can affect the quality of
agricultural products due to the possibility of
contamination of hazardous substances, so the use of the
SWPS system can eliminate this aspect. However, the
reliability and security of the PATS system are of great
concern as increased costs in the event of a system
failureS4 drive it).

The Thai government also uses a social approach to
farmers and surrounding communities. The government

provides free maintenance on government-built
installations. However, in the pilot project in Buriram, the
government does not pay for maintenance, so farmers
form a community and make regular contributions for
maintenance. According to the community, this condition
is relatively manageable to farmers because the expenses
are lower than conventional farming. This shows that
using SWPS can have an economic impact from a farmer's
operational perspective.

Another efficiency benefit of this technology compared
to conventional irrigation is the need for farmer labor.
Currently, the agricultural sector in several countries is
experiencing a crisis of regeneration of the farming
profession due to reduced interest in the farming
profession by the millennial generation. With the SWPS,
the resources for routine irrigation workers can be cut
significantly.

Through a monitoring system and the availability of
agricultural quality data, it is possible to schedule
irrigation, regulate water use, remotely execute irrigation
at certain times, and reduce agricultural quality and
system damage that can be mitigated earlier*?. With
further development, it can be integrated with other
agricultural quality indicators, such as nutrients, soil
moisture, fertilization, and plant growth phase. Support
for implementing artificial intelligence makes the smart
farming system fully developed.

The traditional approach mostly uses data reactively.
However, in a more recent approach, new technological
developments allow the use of data to prevent plant
problems and increase plant diagnosis accuracy (Navarro,
Costa, and Pereira, 2020). In non-smart farming or
traditional systems, they still use human power, intuition,
and forecasting with limited data sources, so there is the
potential for action and mitigation of errors in the
agricultural process. Ultimately, the efficiency and
effectiveness of agricultural output will become a problem.
The use of 10T in smart farming can save water usage by
up to 67%*2.

4. Conclusion

SWPS has many uses, one of which is to provide water
to support the irrigation process in agriculture and
plantations. Thailand has used SWPS for this sector to
support food security as part of implementing smart
farming. SWPS has proven to be effective and efficient in
the water supply. This technology is easy to operate and
maintain and is inexpensive to maintain. Benefits in more
detail are related to saving water, human resources, time,
and aspects of convenience, effectiveness, and efficiency.
What is emphasized is the cost of installation, but this is
offset by the results obtained during the process, which
almost do not require high costs. The application of SWPS
is also very much cheaper when compared to the use of
diesel to drive pumps in the provision of water in
agriculture or plantations, the needs of which are
relatively high. Installation of SWPS without batteries
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will be more effective and cheaper, excess energy can be
stored in the form of water, which is stored in a reservoir,
so that it can be used when sunlight is minimal or for
urgent needs. Based on these advantages, the application
of SWPS for water supply facilities in the agricultural and
plantation sectors is very suitable to support the concept
of a smart farming system.

Acknowledgments

This study is one of the outputs of the 2019 Pro
Research Program held by the Ministry of Research,
Technology and Higher Education of the Republic of
Indonesia with grant number B/462/D3.1.2/KD.01.01/
2019. We would like to thank the Lorentz Company for
supervising and providing location permits and data for
research, as well as the Government of Thailand and Nong
Nooch Garden as a pilot research study. All authors in this
article are the main contributor.

References

1) P. Uttaphut, “Installation and knowledge transfer
process factors of solar energy production for
northern communities in thailand,” 13 (/0) 8613—
8620 (2018).

2) B. Sreewirote, and M. Leelajindakrairerk, “Design
and development of solar water pump,” in: 19th Int.
Conf. Electr. Mach. Syst., IEEE, Chiba, Japan, 2016:
pp. 1-5.

3) S. Wolfert, L. Ge, C. Verdouw, and M.-J. Bogaardt,
“Big data in smart farming — a review,” Agric. Syst.,
153 69-80 (2017). doi:https://doi.org/10.1016/j.agsy.
2017.01.023.

4) M. Bacco, A. Berton, E. Ferro, C. Gennaro, A. Gotta,
S. Matteoli, F. Paonessa, M. Ruggeri, G. Virone, and
A. Zanella, “Smart farming: opportunities, challenges
and technology enablers,” 2018 loT Vert. Top. Summit
Agric., (IOT Tuscany) (2018). doi:10.1109/10T-
TUSCANY.2018.8373043.

5) W. Budiharto, “Inovasi digital di industri smart
farming : konsep dan implementasi,” Pros. Semin.
Nas. Lahan Suboptimal, (September) 31-37 (2019).

6) Lorentz, “References in thailand,” (n.d.). https://www.
lorentz.de/en/references/asia/thailand (accessed June
15,2019).

7) D.A. Susanto, U. Ayuningtyas, H. Febriansyah, and
M. Ayundyahrini, “Problem analysis of solar water
pump installations in indonesia,” AIP Conf. Proc.,
2217 (April) (2020). doi:10.1063/5.0000674.

8) D.A. Susanto, U. Ayuningtyas, H. Febriansyah, and
M. Ayundyahrini, “Evaluasi instalasi pompa air
tenaga surya di indonesia dengan menggunakan
standar iec 62253-2011,” J. Stand., 20 (2) 85-94
(2018). doi:http://dx.doi.org/10.31153/js.v20i2.687.

9) C. Hermanu, B. Apribowo, T.E. S, and M. Anwar,
“Prototype sistem pompa air tenaga surya untuk

meningkatkan produktivitas hasil pertanian,” J.
Abdimas, 21 (2) 97-102 (2017).

10) S. Pranoto, “Perancangan Inverter Jenis Push-Pull
dan On/Off Battery Charger Regulator (BCR) Pada
Aplikasi Fotovoltaik Sebagai Sumber Energi Untuk

Pompa Air atau Penerangan,” Universitas
Diponegoro, 2011.
11) M. Bachtiar, “Prosedur perancangan sistem

pembangkit listrik tenaga surya untuk perumahan
(solar home system),” J. Smartek, 4 (3) (2006).

12) R.E. Arrohman, Sihana, and A.A. Setiawan,
“Perancangan sistem pengangkatan air tenaga surya
di kecamatan tepus kabupaten gunungkidul,” J.
Teknofisika, 1 (1) (2012).

13) K. Meah, S. Fletcher, and S. Ula, “Solar photovoltaic
water pumping for remote locations,” Renew. Sustain.
Energy Rev., 12 (2) 472-487 (2008). doi:https://doi.
org/10.1016/j.rser.2006.10.008.

14) M.S. Farooq, S. Riaz, A. Abid, K. Abid, and M.A.
Naeem, “A survey on the role of iot in agriculture for
the implementation of smart farming,” IEEE Access,
7 156237-156271 (2019). doi:10.1109/ACCESS.
2019.2949703.

15) H. Prasetyo, “On-grid photovoltaic system power
monitoring based on open source and low-cost
internet of things platform,” Evergreen, 8 (1) 98-106
(2021). doi:10.5109/4372265.

16) ISO, “ISO and food,” 2017.

17) A. Kaloxylos, R. Eigenmann, F. Teye, Z.
Politopoulou, S. Wolfert, C. Shrank, M. Dillinger, 1.
Lampropoulou, E. Antoniou, L. Pesonen, H. Nicole,
F. Thomas, N. Alonistioti, and G. Kormentzas, “Farm
management systems and the future internet era,”
Comput. Electron. Agric., 89 130—144 (2012). doi:10.
1016/j.compag.2012.09.002.

18) M. Ryu, J. Yun, T. Miao, I.-Y. Ahn, S.-C. Choi, and J.
Kim, “Design and implementation of a connected
farm for smart farming system,” 2015 IEEE
SENSORS, (2019).  doi:10.1109/ICSENS.2015.
7370624.

19) H. Yang, B. Pan, W. Wu, and J. Tai, “Field-based rice
classification in wuhua county through integration of
multi- temporal sentinel-1a and landsat-8 oli data,”
Int J Appl Earth Obs Geoinf., 69 (April) 226-236
(2018). doi:10.1016/j.jag.2018.02.019.

20) M. Wen, Y. Wang, Y. Yao, L. Yuan, S. Zhou, and J.
Wang, “Design and performance of curved prism-
based mid-wave infrared hyperspectral imager,”
Infrared Phys. Technol., 95 (October) 5-11 (2018).
doi:10.1016/j.infrared.2018.10.001.

21) A. Colantoni, D. Monarca, V. Laurendi, M. Villarini,
F. Gambella, and M. Cecchini, “Smart machines,
remote sensing, precision farming, processes,
mechatronic, materials and policies for safety and
health aspects,” Agriculture, 8 (4) 1-11 (2018).
doi:10.3390/agriculture8040047.

22) HM Jawad, R. Nordin, S.K. Gharghan, A.M. Jawad,

- 561 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 01, pp553-563, March 2023

and M. Ismail, "Energy-efficient wireless sensor
networks for precision agriculture: a review," Sensors
(Switzerland), 17 (8) (2017). doi:10.3390/s17081781.

23) A.T. Nugraha, G. Prayitno, A.W. Hasyim, and F.
Roziqin, "Social capital, collective action, and the
development of agritourism for sustainable
agriculture in rural Indonesia," Evergreen, 8 (1) 1-12
(2021). doi:10.5109/4372255.

24) RK Goel, C.S. Yadav, S. Vishnoi, and R. Rastogi,
"Smart agriculture — urgent need of the day in
developing countries," Sustain. Comput. Informatics
Syst., 30 (December 2019) 100512 (2021).
doi:10.1016/j.suscom.2021.100512.

25) E. Navarro, N. Costa, and A. Pereira, “A systematic
review of iot solutions for smart farming,” Sensors
(Switzerland), 20 (15) 1-29 (2020). doi:10.3390/
s20154231.

26) M. Mahbub, “A smart farming concept based on
smart embedded electronics, internet of things and
wireless sensor network,” [Internet of Things
(Netherlands), 9 100161 (2020). doi:10.1016/j.iot.
2020.100161.

27) N. Nurwidiana, B.M. Sopha, and A. Widyaparaga,
“Modelling photovoltaic system adoption for
households: a systematic literature review,”
Evergreen, 8 (1) 69-81 (2021). doi:10.5109/4372262.

28) I. Odeh, Y.G. Yohanis, and B. Norton, “Influence of
pumping head, insolation and pv array size on pv
water pumping system performance,” Sol. Energy, 80
(I) 51-64 (2006). doi:https://doi.org/10.1016/j.
solener.2005.07.009.

29) S.S. Chandel, M. Nagaraju Naik, and R. Chandel,
“Review of solar photovoltaic water pumping system
technology for irrigation and community drinking
water supplies,” Renew. Sustain. Energy Rev., 49 (C)
1084-1099 (2015).

30) Y.T. Abirham, K. Thu, T. Miyazaki, and N. Takata,
“Comparative study of thermal water pumping
cycles,” Evergreen, 8 (1) 239-248 (2021). doi:10.
5109/4372284.

31) B. Eker, “Solar powered water pumping systems,”
Trakia J. Sci., 3 (7) 7-11 (2005).

32) A.R. Al-Ali, A. Al Nabulsi, S. Mukhopadhyay, MS
Awal, S. Fernandes, and K. Ailabouni, "IoT-solar
energy powered smart farm irrigation system," J.
Electron. Sci. Technol., 17 (4) 332-347 (2019).
doi:10.1016/J.JNLEST.2020.100017.

33) O. Chieochan, and D. Ph, “ICCAIS 2019 - 8th
international conference on control, automation and
information sciences,” ICCALS 2019 - 8th Int. Conf.
Control. Autom. Inf. Sci., 262-267 (2019).

34) N. Setyo, S. Wulandari, E. Wulandari, and D. Setyo,
"Integrated Communities for the Sustainability of
Renewable Energy Application: Solar Water
Pumping System in Banyumeneng Village ,
Indonesia," Elsevier BV, 2015. doi:10.1016/j.egypro.
2015.11.604.

35) H. Hasanah, “TEKNIK-teknik observasi (sebuah
alternatif metode pengumpulan data kualitatif ilmu-
ilmu sosial),” At-Tagaddum, 8 (1) 21 (2017).
doi:10.21580/at.v8i1.1163.

36) D. Chunsuparerk, “The agricultural water resource
management model in lam se bai irrigation area,
amnat charoen province, thailand,” Int. J. Agric.
Technol., 14 (7) 1147-1160 (2018).

37) B. Sreewirote, A. Noppakant, and C. Pothisam,
“Performance and economic analysis of solar water
pump system,” 2017 Int. Conf. Sustain. Renew.
Energy Eng. ICSREE 2017, (1) 73-77 (2017).
doi:10.1109/ICSREE.2017.7951514.

38) International Electrotechnical Commission, “IEC
62253:2011 Photovoltaic pumping systems — Design
qualification and performance measurements,”
Switzerland, 2011.

39) D.H. Muhsen, T. Khatib, and F. Nagi, “A review of
photovoltaic water pumping system designing
methods, control strategies and field performance,”
Renew. Sustain. Energy Rev., 68 (January 2015) 70—
86 (2017). doi:10.1016/j.rser.2016.09.129.

40) S.Rizal Hamid, C. Boon Cheong, A. Shamsuddin, M.
Azfar, F. Pengurusan Teknologi dan Teknousahawan,
and F. Pengurusan Teknologi dan Perniagaan,
“Sustainable development practices in malaysian
hotel: a case of the palace hotel,” 08 (December) 233—
236 (2020). https://www.un.org/
sustainabledevelopment/develo.

41) G. Vellidis, M. Tucker, C. Perry, C. Kvien, and C.
Bednarz, “A real-time wireless smart sensor array for
scheduling irrigation,” Comput. Electron. Agric., 61
(1)44-50(2008). doi:10.1016/j.compag.2007.05.009.

42) NK. Nawandar, and V.R. Satpute, "IoT based low cost
and intelligent module for smart irrigation system,"
Comput. Electron. Agric., 162 (May) 979-990 (2019).
doi:10.1016/j.compag.2019.05.027.

43) A. Shufian, M. Rahman, R. Islam, and S.K. Dey,
“Smart Irrigation System with SOlar Power and GSM
Technology,” in: 5th Int. Conf. Adv. Electr. Eng.,
2019: pp. 301-305.

44) S. Ramadhanty, M.H. Amirullah, M.H. Faturrahman,
R. Dhelika, and T. Abuzairi, “Development of small
scale electrohydrodynamic drying device for rough
rice using dc plasma generator,” Evergreen, 6 (2)
103-107 (2019). doi:10.5109/2321000.

45) M.A. Zamora-Izquierdo, J. Santa, J.A. Martinez, V.
Martinez, and A.F. Skarmeta, “Smart farming iot
platform based on edge and cloud computing,”
Biosyst. Eng., 177 4-17 (2019). doi:10.1016/j.
biosystemseng.2018.10.014.

46) P. Byrne, N. Putra, T. Maré, N. Abdallah, P. Lalanne,
I. Alhamid, P. Estelle, A. Yatim, and A.L. Tiffonnet,
“Design of a solar ac system including a pcm storage
for sustainable resorts in tropical region,” Evergreen,
6 (2) 143-148 (2019). doi:10.5109/2321009.

47) B. Prasetyo, Suyanto, M.A.M. Oktaufik, and S.

- 562 -



Smart Farming: Integrated Solar Water Pumping Irrigation System in Thailand

Himawan, “Design, construction and preliminary test
operation of bppt-3mw condensing turbine
geothermal power plant,” Evergreen, 6 (2) 162-167
(2019). d0i:10.5109/2321012.

48) S.S. Mendu, P. Appikonda, A.K. Emadabathuni, and
N. Koritala, “Techno-economic comparative analysis
between grid-connected and stand-alone integrated
energy systems for an educational institute,”
Evergreen, 7 (3) 382-395 (2020). doi:10.5109/
4068616.

49) PC Pande, A K. Singh, S. Ansari, S.K. Vyas, and BK.
Dave, "Design development and testing of a solar pv
pump based drip system for orchards," Renew. Energy,
28 (3) 385-396 (2003). doi:https://doi.org/10.1016/
S0960-1481(02)00037-X.

50) M. Jamil, AS Anees, and M. Rizwan, "SPV based
water pumping system for an academic institution,"
Am. J. Electr. Power Energy Syst., 1 (1) 1-7 (2012).
doi:10.11648/j.epes.20120101.11.

51) P. Limprasitwong, and C. Thongchaisuratkrul, “A
commercial inverter applying for solar pump in
agriculture plant case study in south of thailand,”
ACM Int. Conf. Proceeding Ser., 1-4 (2018).
doi:10.1145/3303714.3303740.

52) Len Industri, “SMART patas len, solusi atasi
kekeringan lahan,” (2016).

53) A.ALA. Putri, S. Hartini, and R. Purwaningsih,
“Sustainable value stream mapping design to
improve sustainability performance of animal feed
production process,” Evergreen, 8 (I) 107-116
(2021). d0i:10.5109/4372266.

54) H. Pariaman, G.M. Luciana, M.K. Wisyaldin, and M.
Hisjam, “Anomaly detection using Istm-autoencoder
to predict coal pulverizer condition on coal-fired
power plant,” Evergreen, 8 (1) 89-97 (2021).
doi:10.5109/4372264.

- 563 -





