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Study on solar powered pump system design

Khamphoungeun SIPHAXAY?, Sybounheng RASSAVONG *,
Boutthamaly sengpasert °, Somphan SISOMPHOU *

Electrical Engineering Department, Souphanouvong University, Lao PDR

ABSTRACT
In this research would like to know the solar power pump is stable using or not,

how to design the system of solar powered pump, how to control the system and what kind
of designing is best for the system, so we have to do the research on solar pump efficient
designing and using for system stability and after that we train to our students.

In the research had design three solar powered pump system, first is DC solar
powered pump without battery, the second system is DC solar powered pump with batter
and the thirst system is AC solar powered pump with battery, for this research the solar
powered pump system designing is useful and have enough energy for DC pump but not
enough of AC pump so we have to install one more solar panel for AC pump. For energy
production and using of DC pump without battery system depend on solar energy
production, if solar array produced energy 2432 Wh and also a dc pump can use energy
2432Wh. The second system experiment, solar can produce the energy from 9 am to 4 pm
is 3491.64Wh and DC pump had used energy in 7 hours is 2116.79 Wh, so the battery can
strive energy for next day 1374.85 Wh per day. For the thirst system experiment, solar can
produce the energy from 9 am to 4 pm is 3022.66Wh and AC pump had used energy in 7
hours is 3641.81Wh, it means that an electricity production is less than AC pump using, so
the battery cannot store electricity for next day but battery has to supply more electricity
619.15Wh to the pump.

The DC pump without battery system can produce water 748 liters less than two
systems because of we have to restart motor every time when the weather cloudy, for the
DC pump with battery connection is stable and can produced water 11,648 liter, and for
AC pump with battery connection can store water more than DC pump system that we see
in chart is 25,168 liter per day.

The volume of water pumped by a solar-powered system in a given interval
depends on the total amount of solar energy available in that period time. Specifically, the
flow rate of the water pumped is determined by both the intensity of the solar energy
available and the size of the PV array used to convert that solar energy into direct current
(DC) electricity.

Keywords: solar system stability, dc pump, ac pump, renewable energy, battery,
inverter
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1. INTRODUCTION

Solar energy is a clean, virtually
inexhaustible source of energy. Over the
past decade, increasing awareness of
climate change hazards and energy
security considerations has forced the
global community to focus on renewable
energy sources, such as solar energy,
resulting in unprecedented growth in solar
energy applications [data from Asian
Development Bank 2011, Asia Solar
Energy Initiative]. Photovoltaic (PV)
technology has become more and more
popular in remote rural areas. In general,
the main Applications are: - Area Lighting
- Airport Lighting - Hospital Parking -
Parks and Playground Lighting - High
Way Road Way Lighting - Street Lighting
- Security Light - Highway and Ramp
Lighting - Bridge Lighting - Residential,
Industrial, Commercial Lighting and one
more importance is used for agriculture. In
Laos the yearly average of solar radiation
our country was found to be 15.8 MJ/m?—
day or equal 4.38kWh/m*day, In
Luangphabang the yearly average of solar
radiation our country was found to be
15.43 MJ/m? —day or equal 4.28kWh/m*-
day [associate prof. Dr. Serm Janjai, Dr.
Janrungsaeng Laksanaboonsong 2007,
solar  energy research  Laboratory,
department  of  physics,  Silpakorn
University, Thailand]

A solar-powered pump is running
on electricity generated
by photovoltaic panels or the radiated
thermal energy available from collected
sunlight as opposed to grid electricity or
diesel run water pumps. The operation of
solar powered pumps is more economical
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mainly due to the lower operation and

maintenance costs and has a less
environmental impact than  pumps
powered by aninternal combustion

engine. Solar pumps are useful where grid
electricity is unavailable and alternative
sources (in particular wind) do not provide
sufficient energy. There are many types of
the pump such as submersible and surface
solar pumps, one brand of submersible
pump, with 300 watts of PV, can produce
over 1100 gallons or 4164 liters per day
from a 150-foot-deep or 45.72m drilled
well. The equivalent % HP 240 VAC
pump would require 2000 watts of PV, an
inverter and batteries to do the same
amount of work [Christopher W. Sinton,
Roy Butler, Richard Winnett, 2017,
GUIDE TO SOLAR-POWERED WATER
PUMPING SYSTEMS INNEW YORK
STATE].

In the last research, One 150W solar
panel charging all day the current hour is
41.62Ah and watts hour is 573.10Wh
during sunny 90% [Khamphoungeun
SIPHAXAY, 2016, Installation of Solar
Photovoltaic  plants for educational
purpose project ].

The 16 to 20 solar plates in the solar
panel were used to cover approximately
100 m? area along with 5 hp (4800 W)
submersible to lift the water from tube-
well for 80 ft to 200 ft (24 m to 60 m) in
Etawah region. The total power
requirement is 7200 kWh annually for
1500 working hours [T.K. Maheshwaril,
Devesh Kumar2*and Manish Kumar3,
2017, Solar Photovoltaic  Irrigation
Pumping System].

A benefit of using solar energy to
power agricultural water pump systems is
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that increased water requirements for
livestock and irrigation tend to coincide
with the seasonal increase of incoming
solar energy. When properly designed,
these PV systems can also result in
significant long-term cost savings and a
smaller environmental footprint compared
to conventional power systems.

1. MATERIALS AND METHODS

2.1 study location
A solar powered pump experiment locates
at the youth union garden park of
Souphanouvong  University  (Donmai
campus), it has a pond for experiment and
has good sunlight.
2.2 Pump selection

There are many pump for DC and AC
system so In this research we select
SHIYUAN Dc Solar Pump 370W, 24V,
15A, max head 25m, max flow 2.2m* /h,
outlet 25mm and QDX 370 W AC Pump,
220V, 1.8A, 50Hz, QMAX 35L/min,
HMAX 17m because the using power is
not too high, if power high is mean we
have to buy more solar panel to make
higher cost system, we can buy this pump
in Laos and also quality is good, it can use
in a well and pool, it should able for
farmer in Laos.

2.2 Solar powered pump system
designing
Solar array system design
In this research we use 370W Dc
Pump and 370 W AC Pump so we can
design solar array like this.
Panel size = (370 W x 8 h)/5 h =
592 W
We can chooses three solar panel of
250 W
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e Battery selection

Ah = (370W x 8 h)/(12 V x 0.6 x
0.85)
=484 Ah

We chooses four battery size 12V
200 Ah because we have connect 24V
system, we have to connect 2 serial batter
and 2 set parallel batter connection.
Solar charge controller selection
We select charge controller 24V,
30A for dc pump 10A and 370W ac pump
220V

Inverter selection
Inverter we choose 1000W and 2000 W
pure sine wave inverter.

2.2 Solar powered pump installation
and experiment

first experiment: connect three
solar panel parallel system to DC pump
370W and start pump to measure the
voltage and current of solar array and
measure the voltage and current using in
DC pump and also calculate the power and
energy for dc pump using, finally collect
water volume data that how many litter
that power pump can get in one day.

Picture 1: Dc pump installation without
battery



XIPHAXAY ET AL. 2019. SOUPHANOUVONG JOURNAL :

Multi-disciplinary Research of

Souphanouvong University: ISSN 2521-0653. Vol. 5,ISSUE 2 :Page 104-112.

Second experiment: connect three
solar panel parallel systems to charge
controller, then connect the charge
controller to the battery and connect the
charge controller to CB and connect to DC
pump 370W. after that measure the
voltage and current of the solar array and
measure the voltage and current using in
DC pump and also calculate the power and
energy for dc pump using, finally correct
data how many liters that pump can get the
water per day.

Picture 2: Dc pump installation with
battery

Thirst experiment: connect three
solar panel parallel system to charge
controller and then connect charge
controller to battery and connect battery to
2000W inverter and connect inverter to
AC pump 370W after that measure the
voltage and current of solar array and
measure the voltage and current using an
AC pump and also calculate the power and
energy for dc pump using, finally correct
data how many liter that pump can get the
water per day.
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Picture 3: AC pump installation

2. The result

3.1 First experimentation on
27/0ct/2018 for DC powered pump
system:

The Solar array can produce an
energy from 9 am to 16 pm is
2432.08Wh and also the DC pump had
used energy 2432.08Wh in seven hour.

Dc Pump without battery system can
produce water 36 tanks or 748 liters in
seven hour per day

Picture 4: water stored by DC pump
working
3.2 Second experimentation on
28/0ct/2018 for DC powered pump with
battery:

Solar can produce the energy from 9
am to 4 pm is 3491.64Wh and DC pump
had used energy in 7 hour is 2116.79Wh,
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so the battery can store energy for the next
day is 1374.85 Wh.

DC powered pump with battery can
get water 56 tanks or 11,648 liters of
water that Dc powered Pump can suck the
water in seven hour.

3.3 thirst experimentation on 29/Oct
/2018 for AC powered pump system:

Ac Powered pump can produce the
energy from 9 am to 4 pm is 3022.66Wh
and AC pump had used energy in 7 hour is
3641.81Wh

AC powered pump can get water 121
tanks or 25,168 liters of water that Dc
Pump can suck the water in seven hour.
3.4 Flowchart of Energy production,

Energy consuming and remain

energy on date 27, 28, 29 /10/2018
and energy stores in battery.

Picture5: a 750W array produce
electricity, dc pump and ac pump used
electricity all day chart

Whp is a solar produced energy all day
Wu is a pump used energy all day
Wr is a remain energy after finish using
DC pump

For DC Solar power pump without
battery, the solar array can produce energy
2342.08 Wh and also the DC pump had
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used electricity 2342.08 Wh, but we had
restart motor every time when the weather
cloudy so no energy stored and the system
IS not stable.

For DC Solar power pump with a
battery system, the solar array can produce
energy 3491.64 Wh and DC pump had
used energy only 2116.79 Wh, so energy
can store in the battery for next day is
1374.85Wh, it mean the electricity supply
system is enough and the system is stable.

For AC Solar power pump with
battery, the solar array can produce energy
3022.66 Wh and the AC pump had used
energy 3641.81Wh, so energy cannot store
in a battery for the next day but the battery
has to supply energy to Ac Pump
619.15Wh per day. It mean that we have
to install more solar panels.

3.5 flow chart of Water volume can get

per day on 27, 28, 29 October 2018,
208 liter per tank

748

' 11,648

25,168

sNIL =N2L =NIL

Picture 6: a dc pump and ac pump can
store water per day chart test on 27-28-
29/10/2018
N1L is a value of water in liter of DC

pump no connect to battery
N2L is a value of water in liter of DC
pump connect to battery
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N3L is a value of water in liter of AC
pump connect to battery

The DC pump without the battery
system can store water 748 liters per day
less than two system because we had to
restart motor whenever the weather
cloudy, it means this system is not stable
and is not should table for the farmer.

The DC pump with a battery system
can store water 11,648 liters per day more
than a DC pump without a battery system
but less than an AC power pump system,
but this system is stable, no need to start
motor whenever the  weather cloudy
because it use energy from battery
supplying.

The AC pump with battery system can
store water 25,168 liters per day more than
two DC power pump system, no need to
start motor whenever the weather cloudy
but energy form solar array is not enough

supplying.
4. DISCUSSION

The present study had shown that solar
array system will be used as significantly
positive effect on Laos’s agriculture farm.
Our system experiment result show the
water produced value better than the
previous study by Christopher W. Sinton,
Roy Butler, Richard Winnett, because our
system has the battery for DC pump and
has inverter for the AC pump. Therefore
solar powered pump system need batter
and also need an inverter for an AC
Powered pump stability and sustainable.

For the energy production when we
compared with previously reported data by
Dr. Serm Janjai 2007 about the values of
daily global solar radiation in Laos, the
energy we got per day is a little bit less
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than solar radiation presented in 2017,
because of quality of solar panel product.

If we compare with the last research by
Khamphoungeun SIPHAXAY, 2016, in
this time, the current energy production
value is increate than last time and also the
system is stable.

5. CONCLUSION

- Solar system designing is useful
and has enough energy for the DC pump
but not enough of the AC pump.

- The DC solar power pump without
the battery connection system, the energy
of DC pump using depend on solar array
production at the same time, for example
in charts if pump use energy 390.01Wh
the solar array also had produced energy
390.01Wh.

- The DC solar power pump with the
battery connection system can store
electricity for the next day 1374.85Wh.

- The energy production of the AC
solar power pump with battery system is
less than AC pump using, so the battery
cannot store electricity for next day and
the battery have to supply electricity to the
pump 619.15Wh.

- the DC pump without battery
system can store water 748 liters less than
two system because of we have to restart
motor many time when the weather had
cloudy, for the DC pump with battery
connection is stable store water 11,648
liter, and for AC pump with battery
connection can store water more than DC
pump system that we see in chart is 25,168
liter per day.

- The volume of water pumped by a
solar-powered system in a given interval
depends on the total amount of solar
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energy available in that period time.
Specifically, the flow rate of the water
pumped is determined by both the
intensity of the solar energy available and
the size of the PV array used to convert
that solar energy into direct current (DC)
electricity.

- A benefit of using solar energy to
power agricultural water pump systems is
that increased water requirements for
livestock and irrigation tend to coincide
with the seasonal increase of incoming
solar energy. When properly designed,
these PV systems can also result in
significant long-term cost savings and a
smaller environmental footprint compared
to conventional power systems.

6. ACKNOWLEDGMENT (OPTIONAL)

This study was financially supported
by Lao-Korea Science and Technology
Center (LKSTC) Grant and thank faculty
of engineering, Souphanouvong
University to take care of this project.

7. REFERENCES

Associate prof. Dr Serm Janjai, Dr
Janrungsaeng Laksanaboonsong
2007, solar  energy  research

Laboratory, department of physics,
Silpakorn University, Thailand.

Christopher W. Sinton, Roy Butler,
Richard Winnett, 2017, GUIDE TO
SOLAR-POWERED WATER
PUMPING SYSTEMS INNEW
YORK STATE

Khamphoungeun  SIPHAXAY, 2016,
Installation of Solar Photovoltaic

112

plants for educational

project

purpose

United state department of Agriculture,
October 2010, Design of Small
Photovoltaic (PV) Solar-Powered
Water Pump System

Eker, Trakya
TekirdagAgriculture Faculty,
Agricultural Machinery
Department, Tekirdag, Turkey, 2005 ,
SOLAR POWERED WATER
PUMPING SYSTEM

University,

Data from Asian Development Bank 2011,
Asia Solar Energy Initiative

NANTHAVONG, K. (2005). Solar PV
plants in Lao PDR , Faculty of
engineering, National university of
Laos.

Schroeter, A. (2007). Rental of PV
systems provides quality lighting in
remote Laos villages. The Ashden
Awards for sustainable energy.
Sunlabob Rural Energy Ltd.

VONGSAY, A. (2013). Energy sector
development in Lao PDR. Energy
policy training course



