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Abstract: Occupations in Thailand were mainly related to agriculture. Most Thais were agriculturists. Agriculture was 
heavily crucial to the development of the economy and the country. The incomes in Thailand densely came from agricultural 
products. Agriculture had a long-standing history in Thailand from the old days till now. Water was utilized for farming, 
planting, and livestock. Taking natural water from natural resource for agriculture at times required water pumps. In general, 
agriculturists used a petrol or diesel engine for swivel the shafts of a reciprocating pump. Alternatively, they deployed an 
electric pump which obtained electricity from a current transmission system, which was rather costly, and caused high 
product manufacturing costs. Nevertheless, at present, solar energy was being extensively promoted in Thailand, as it came 
from natural energy that was environmentally-friendly. 
The researcher came up with an idea of inventing a solar water pump for agriculture. A 250 watts, 24 VDC, speed 2,750 
RPM (rounds per minute) to rotate the shaft of the piston stroke which was installed on a piston pump. The piston pump size 
was roughly 1 inch and it came with a flow rate of 2,800 liters per hour. The 2 connecting in parallel 150 watts, 12 volts 
solar cell panels for the piston pump and it was generated 300 watts of electric power. The solar cell panels were an 
electricity distribution source for the DC electric motor which came with a solar battery charger system. Such solar battery 
charging system with a 100Ah, 12 V battery for uninterruptible power supply when there was no sunlight to the operations 
of the water pump. When the solar cell panels of the designed and invented solar water pump were at 300 watts, 17 - 20 volts 
of electricity were produced which indicated that they could transmit sufficient current to the DC motor. Therefore, it was 
able to pump up water without being connected to a battery. A DC motor used 5.9 - 6.2 A, the speed was approximately 
1,348 - 1,353 RPM which allowed the flow rate of 888 liters per hour. When the DC motor pump was used together with a 
100 Ah, 12 Volt battery, the flow rate of pumping water lasted for 6.5 hours during the non- sunlight period. 
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I. INTRODUCTION 
 
Agriculture was the main livelihood for the majority 
of Thai people. It was at no doubt immensely 
important to the development of the country and its 
economy. Water was utilized for farming, watering 
various kinds of plants, feeding cattle, etc. Taking out 
adequate water from various water resources in a 
purposeful manner was in fact essential.    Presently, 
most farmers used water pumps which their power 
engines were driven by gasoline. At times electricity 
was employed to power up the engines. Nonetheless, 
it was not accessible in remote areas particularly at 
the locations situated miles away from electricity 
transmission lines. Using gasoline and electricity 
caused extensively high manufacturing costs in 
agricultural products. With this reason, the promotion 
of renewable energy had been vastly enhanced in 
Thailand such as solar power, wind power, and so 
forth. Solar power never ran out; moreover, it was 
clean energy generated no pollution to the 
environment. Thailand was geographically located 
near the equator and therefore received extensive 
volume of solar energy throughout the year. It was 
wise to take advantage of such free and clean energy 
to utilize purposefully through the invention of solar 
cells. They directly altered solar energy to electricity 
power. Solar energy was one of the worthy options 
that supplied electricity for agricultural water pumps. 
There were 2 types of solar cells categorized by the 
type of semiconductors;  

1)Silicon solar cell: silicon was the cheapest 
semiconductor due to its boundless availability 
throughout the world. Electronic-relating industries 
extensively utilized silicon in their shop floors. The 
silicon solar cells were grouped by their 
characteristics of the crystalline as follows. 
1.1) Crystal: it was classified into 2 subgroups 
including single crystalline silicon solar cell and poly 
crystalline silicon solar Cell. Both were the most used 
solar cells these days owing to their 12-15% high 
efficiency which sufficed for the need in electricity 
generation. 
1.2) Amorphous silicon solar cell; it was a thin film, 
easy to produce, and low cost. Regardless of those 
attributes, the efficiency to alter the solar energy to 
electricity power was approximately 5-10%. It would 
be a good fit for low power consumption devices 
such as calculators, watches, etc. 
2) A solar cell which was not made from silicon, but 
others like GaAs : Gallium Arsenide,  CdS : 
Cadmium Sulphide, CuInSe2 : Copper Indium 
Diselenide, to name a few. The efficiency was at 20-
25%, and it was profusely used with high radiation 
intensity. Yet the price was 50% higher than that 
made from a silicon. Such solar cell was widely in 
use in satellite and space industry [1].  
At present, a solar cell is applied for various 
functional purposes. For instance, it is used as a 
power source for a night insect trapping device--
electricity is produced by a solar cell during the day 
time and is stored in a battery which later releases the 
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power to a UV lamp to entrap insects at night time 
[2]. Another example is a solar water aerator -- which 
obtains electricity from a solar cell and distributes the 
power to a DC water pump to pump water upwards 
and then transform it to water spray or water drops 
that add up the oxygen level in the water [3]. Due to 
its cheap price, a solar cell is environment-friendly; 
moreover, it can be employed in remote areas where 
the electricity authority does not have the power 
distribution available yet. 

 
From : http://www.cleanenergyreviews.info/blog/pv-panel-

technology 
Fig.1. Types of solar cells. 

 
Water pumps were used for pumping and 

subsequently conveying water from one location to 
another. They had been part of the tools that helped to 
fulfill people’s welling-being from the past till now. 
Many people inhabited near water resources as the 
locations were convenience for their living lifestyles. 
When water was constituted too much underneath the 
ground, it was not easy for people to get to them, they 
tried to invent tools like various types of pumps to 
capacitate them a chance to utilize water for their 
needs. Such tools helped them avoid living in a 
densely populated areas that were close to water 
resources. New-styled pumps had been evolved since 
1840. The very first pump was a Reciprocating pump 
designed to connect directly to the steam engine. Ever 
since, unceasing evolution on water pumps was 
consistently increased in all aspects starting from 
sourcing water and dispatching it to users for 
consumption in agriculture, industrial operations, 
transportation, and medical science.  Contemporary 
water pumps had been switched from using natural 
resources to power engine. The most common 
practice was using electricity to power up the engine 
as it was easy as falling off a log. Nowadays, there 
were quite a few types of pumps available in the 
market for consumers to choose from. The most 
common ones were the following 3 types of water 
pumps explained as follows; 
1) Kinetic pumps: they derived power from rotation 
aimed to increase power level to water by the rotation 
of the rotors. When water was forced to move 
through the gaps between rotors, momentum of the 
water was lifted and altered to speed or kinetic energy 
or Velocity head. When the liquid was transferred 
from the rotors, it was then changed to Pressure head. 

Centrifugal, Regenerative turbine and Special Effect 
were the most commonly-used kind of kinetic pumps. 
2) Rotary Pumps:  they comprised flippers, rotors, 
and pump body installed inside the device. Rotors 
which swirled and drove the flippers to rotate 
together with them generated cavity among the 3 
components. Then the air pressure dropped lower 
than the external climate, which triggered the flow of 
water which replaced the gaps. Afterwards the liquid 
was sealed and spurred so much that it was pushed 
out from the flippers, and then out from the pump to a 
higher-pressure location. The rotary pumps were 
categorized into 7 groups, as follow Vane, Piston, 
Flexible Member, Lobes, Gears, Circumferential 
Pistons and Screw. 
3)  Reciprocating Pumps: they were grouped in the 
Positive Displacement Pumps just like the rotary 
type. They were heavy duty pump driven by 
movement of the piston. This dropped the internal 
side of the piston to a lower pressure compared to the 
external pressure from the outside air. External 
pressure pushed the water up to the valves into the 
piston, and the piston pushed the water out from the 
pumps to a higher pressure location. There were 3 
types of such pumps based on their external attributes 
--Piston pump, Plunger pump and Diaphragm pump 
[4].   In Thailand, Piston pumps were often utilized 
particularly in agriculture since they were cheap and 
uncomplicated; moreover, the maintenance cost was 
rather low. 

 

 
Fig.2. Types of water pumps 

 
II. RESEARCH OBJECTIVE  
 
 To design and produce an agricultural solar 

pump. 
 
III. RESEARCH PROCESS 
 
3.1. Concept Design  
In Thailand, variety of pumps was intentionally 
applied for agricultural utilization. The employment 
of various energy enabled the pumps to function. 
Such energy was mechanical energy from diesel or 
benzene. Alternating current and direct current were 
distributed to a motor to allow the pumps for 
functioning.  In the conceptual design of an 
agricultural solar pump, it was broken down into 2 
main parts including an electricity generated from 
solar power, which also acted as a condenser, and a 
water pump using a DC motor connected to a Piston 
pump. The conceptual framework was demonstrated 
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in the Figure 3. The conceptual design was heavily 
concerned to low manufacturing cost, ease of 
invention, ease of raw material and tool purchases, 
and potentiality of proper utilization. All of these 
factors were considered altogether for the researcher 
to come up with an agricultural solar pump prototype 
that farmers could learn from and make one on their 
own in the future. 
 

 
Fig.3. Framework of conceptual design 

 
The selected water pump used for this designed 

prototype was a Piston pump as it was commonly 
used in an agriculture; in addition, it was cheap, 
durable, as well as uncomplicated in its 
functionalities, and low maintenance required. There 
were many inventors who made this type of pump. 
Wichit farming tool shop produced a DC pump using 
a 24 volts, 350 watts motor that came with a 1 inch 
300 rpm reduction gear pre-installed on the pump. 
The pumping ratio was at   5,100 liter per hour. A 3 
inches diameter pulley was inserted in the rotor of the 
motor. Another 2.5 inches diameter pulley was pre-
installed on the spur gears of the pump to attain to the 
gear ratio of 1:1.2 which drove the shaft of the pump 
rotate at the 360 rpm. 2 pieces of 12 V, 80 Ah 
batteries were placed in series to obtain 24 V power 
distribution source for a DC motor [5]. The school of 
agricultural engineering, faculty of engineering, 
KonKhaenuniversity developed a solar pump by 
designing a 1 inch piston pump system adjoined to a 
500W 12VDC motor which obtained solar energy 
from a 295W, 24V solar cell. A pulley with a rotation 
speed less than 400 rpm was deployed [6].  In 
addition, TheppakornLeelatam designed and built a 
cycling bicycle to replace an electric motor. A 7 
inches sprocket was connected with 3 inches 
freewheels preinstalled with 20 inches pulley 
functioning like a bicycle wheel that was adjoined via 
cog belts to an 8 inches pulley of the water pump. 
The engine compression ratio was augmented by 6 
times with 1 round of cycling, the piston was 
compressed for 6 times. From the implementation, 
the cycling time for 30 rounds per minute allowed the 
water pump to work efficiently [7]. 
 
3.2. Solar Water Pumps Design 
The design of a solar water pump was segregated into 
2 parts—electricity produced from solar energy with 
battery inclusive, and piston pump. 

 
3.2.1 Electricity produced from solar energy with a 
battery inclusive consisted of 3 equipment—solar cell 
panel, a charge controller, and a battery. The 2 solar 
cells were 18 V, 150 W Poly Crystalline Silicon type. 
They were placed in series and together generated a 
total electricity of 300 W to the load. They distributed 
electric power at most for 16.67 A. A 250W DC 
motor was used together with the water pump, so as 
to obtain sufficient power for the motor. The voltage 
produced from the solar cells was dispatched and kept 
in a 12 V, 20 A charge controller. It stored the current 
within the 12 V, 100 Ah Deep cycle battery and was 
discharged to use with a water pump when there was 
no Sun light as explained in the Figure 4 below.  

 
Fig.4. The components for electricity generation from solar 

energy and a battery charge controller 
 

3.2.2 Piston pump: The design of this required a DC 
motor to power up the water pump. It was crucial to 
design the rpm of the motor to align with that of the 
shaft of the pump so that all operations worked 
harmoniously and proficiently. The study started out 
from the research on the important assets of a water 
pump and a DC motor such as the power required to 
rotate the shaft and the pulley of the water pump, the 
voltage of the motor, the watt of the motor, and rpm, 
etc. In the design, a 1/3,1/4Horsepower (HP) or 
248.67, 186.5 Watts (W) water pump was selected,    
1 inch of water pipe with a pumping ratio of 2,800 
L/H, an 8 inch of pulley, and a 24V, 250W DC motor 
with 2,750 RPM were deployed. The important part 
necessary to calculate was the size of the pulley to be 
installed with the rotor of the motor in order to 
function the shaft of the motor to rotate for 300-400 
rounds per minute. This was a practical RPM that a 
water pump worked best. The size of the pulley was 
derived from the following calculation. 

 

shaft pump

motor

RPM Pulley
X

RPM


  

 
X = The size of the pulley motor (inches) 
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RPMshaft = Desired RPM of the shaft water     
pump (RPM) 

Pulleypump = Pulley size of water pump (inches) 
RPMmotor = RPM of the motor (RPM) 
 

The size of the pulley was calculated. A 12 
DC voltage was made to distribute the current to the 
motor, lowering its RPM less than half or about 1,375 
RPM , and required the axis of the water pump at 400 
RPM. 

400 8 2.33
1,375

X inches
   

 
From the calculation, a 2.33 inches motor 

pulley was essential. Nevertheless the standard size 
available in the market was 2 inches as shown in the 
Figure 5 below. Using the standard size motor pulley 
with the 8 inches water pump pulley brought about 4: 
1 of gear reduction ratio, and the shaft of the water 
pump was at 343.75 RPM. 

 

 
Fig.5. A 2 inches pulley for motor 

 
3.3. Solar Water Pumps Production 

 
Fig.6. Aluminum sheet and DC motor installed  

on the water pump 
 

Aluminum sheet was set in place as a base cover of a 
DC motor. The motor was tightly contiguous to the 
aluminum sheet. A 2 inches pulley was installed with 
a motor axis.  As illustrated in the Figure 6 a belt 
seamed a motor pulley with a water pump pulley, 

where the distance between the 2 was firmly belted as 
exhibited in the Figure 7.  

 

 
Fig.7. A motor pulley was interlocked with a water  

pump pulley 
 
3.4. Solar Water Pumps Evaluation  
The test on the designed solar water pump was 
conducted based on the 2 perspectives in order to 
prove its functionality-- 1) Electricity generated from 
solar energy and distributed the current to the water 
pump 2) Water pump and its electricity power use. 
The test was done by installing a solar cell facing the 
Southern direction with an angle of 15 – 20 degree 
with the surface. The solar cell transmitted electricity 
current to a DC motor that was located on the water 
pump. The following measurements were judged—
voltage, and volume of produced current from a solar 
cell throughout the day, current volume stored in an 
electric charger, the current distributed to the DC 
motor, RPM of the motor, and the test on the 
functionality of the water pump such as a water 
pumping ratio and a water pumping distance. 

 
IV. RESULTS  
 
The test to verify the electricity generated from the 2 
connecting pieces of 12 V, 150 W solar cells 
demonstrated that they generally generated electricity 
during 7:30 – 16:30.  The time when the maximum 
output was produced was between 11:00 – 14:00. 
Electricity  for 17– 19 V , and 15 A was produced 
and it sent out  power to a 12 V, 250 W DC motor of 
a water pump, which enabled its operation without a 
battery. When seaming the generated electricity with 
a charger control to charge the power to the battery, 
the water pump could work simultaneously while the 
charging process was underway. The test on the 
operations of the DC motor pointed out that the motor 
required the current for 5.9 – 6.2 A enabled the motor 
voltage for 74.4 W, and its rotation speed was   
between 1,349 – 1,353 RPM. 
 
The measurement on the water pump operation found 
that it had a capability to pump water at the ratio of 
888 liter/day, and it sucked up water from the ground 
level up to 8- meters. Moreover, when the pump was 
functioned together with a 12 V 100 Ah battery, the 
operations lasted for approximately 6.5 hours when 
there was no sunlight.  
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CONCLUSIONS 
 
The comparison between the designed 24 V, 250 W 
DC motor with the solar water pump, there was not 
much difference between the 2—the RPM was the 
research calculation was at 1,375 RPM, which was 
almost equal with the actual RPM which was between 
1,349 – 1,353 RPM. The piston axis was rotated for 
about 337 – 338 RPM which was a good fit with how 
a piston pump was supposed to operate. The piston 
pump designed in this research required power for 1/4 
HP or 1/3 HP (186.5 or 248.67 W) that allowed the 
pimping ratio for 2,800 liter/hour. Yet a DC motor 
needed power for only 74.4 W indicating the 
pumping figure for about 888 liter/hour. If the power 
in the motor was upgraded, the pumping ratio would 
become higher.  
The designed solar pump was brought into use in a 
plantation to water the trees in the morning as well as 
in the evening everyday. It replaced the water pump 
used with electricity from the power grid. This helped 
to reduce the bill cost that farmers paid on a monthly 
basis. The researcher also did a training and publicity 
to farmers on how to make such solar water pumps on 
their own. 
 
SUGGESTIONS 
 
The designed solar water pump could be used in a 
real agricultural farming. It was suggested to use it 
during the sunlight time as the solar cells were 
triggered to generate electricity for the DC motor 
without using that from the battery. Such practice 
enabled farmers to store water in containers located at 
high level and then released it when needed.  
 

Therefore, whenever there was no sunlight, they 
could still utilize the stored water without the need of 
the water pump. For the remote area where water was 
not available, a DC motor could be upgraded to 
higher power like 350 W, 500 W or even 750 W. 
Water transmission could be successfully conveyed to 
those remote areas. The battery to keep the power 
was required higher Ah so as to pump water for a 
certain period of time when there was no sunlight. 
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