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ABSTRACT

Water-lifting systems are used especially in rural areas to lift water from a well.
The common device used in these rural areas is electrical pump. The electrical pump has
taken a high cost due to the implementation of the transmission and also people need to
pay for the monthly electric bills. Therefore, there is a need for improving water lifting
using cheap solar energy generator. The main focus of this project is to construct a solar
energy water lifting system that is clean, provide no pollution, simple and convenient. Step
by step approach is applied in this engineering project so that the solutions are based on
every single criterion that has been studied. The solar water pump consists of photovoltaic
(PV) panel, power storage, charge controller, water level detector and DC submersible
water pump. Studies in these fields are needed in order to make sure that the project is
successful. The major part focused in this project is to design the overall system and make
sure that the prototype of the system is working. Results of the simulation and experiments
are included in the Result & Discussion chapter. The report contains five main chapters,
namely Introduction, Literature Review, Methodology, Result and Discussion and

Conclusion.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Water is in liquid form contains hydrogen and oxygen (H20). Pure water is an
odorless, tasteless and clear liquid. It is one of nature’s most important gifts to
mankind. It is important for the daily life usage such as drinking, bathing, washing and

etc. One of the sources of getting the water is from water well.

Water well is structure created in the ground by digging, driving, boring or drilling
in order to access underground water. Lifting devices using electrical pump or
mechanical pump can be used to raise the water from the well. It can also be drawn up
using containers, such as buckets that are raised mechanically or by hand. Well water
typically contains more minerals in solution than surface water. There are three types

of the water wells which are Dug wells, Driven wells and Drilled well [1].

Dug wells are holes in the ground dug by shovel. In the developing countries, dug
well uses hand pumped to lift water. But historically, a dug well was digging out below
the groundwater table until incoming water exceeded the digger’s bailing rate. Driven
wells usually located in areas with thick sand and gravel deposits where the ground
water table is within 15 feet of the ground’s surface and typically 30 to 50 feet deep.
Lastly, the Drilled wells can get water from a much deeper level (range from 20 to
600 feet) by mechanical drilling. Drilled wells with electrical pumps are currently used
throughout the world [2].



Solar and wind energy is also used nowadays to generate electricity which supply
energy to an electric pump to lift water. Solar generator is a device that generates the
electrical power when the sunlight strikes the PV panel. PV cell is made up of two thin
layers of a semi-conductor material appropriately doped with impurity atoms. When
sunlight strikes the PV panel, the voltage will be producing. Most of the PV panel is
made up from the silicon [3]. Details of the PV cell will be discussing later in

Literature Review.

1.2 Problem Statement

Nowadays, many water-lifting devices are used to lift water from a well to a
height that allows users easily access to water. But, it is still not an easy task for the
communities who are staying in places where an access to other potential water
pumping power sources is constrained. Therefore, one of the common used devices in

these rural areas is electrical pump.

The conventional electric supply from the supplier takes a high cost especially in
rural area since there is a need to implement the transmission line, which enabled only
to supply the electricity to these areas. People also need to pay for monthly electric
bills. Due to this situation, there is a need for improving water lifting using solar

energy generator which is cheaper in long term.

Solar water pump makes use of the solar energy that is clean, without pollution,
simple and convenient. It solves the problem of water supply to agriculture irrigation,
peoples and livestock and frontier defense sentry water supply in the region where

there is no water and no electricity.



1.3 Objectives

e To design solar energy water lifting system.
e To construct charge controller for the power storage.
e To install water level detector for the system.

e To construct the prototype of solar energy water lifting system.

1.4 Scope of Study

The scopes of study of this project will emphasis on designing and creating a
prototype for lifting water using solar energy generator. In order to make sure this

project is successful, study in following field was carried out:-

e Basic idea of the solar energy.

e The operation of PV cell and conversion of solar energy to the electric.

e Concept of solar energy storage in the battery.

e Concept of charge controller in order to prevent over voltage for the power
storage.

e Operation of the motor and direct current (DC).



CHAPTER 2
LITERATURE REVIEW

2.1 Solar Energy Sources

Appendix C shows that different types of energy sources are actually come from
the sun and solar-driven processes. Fossil fuels are the remains of dead animal and
plant matter that have been subject to extreme temperature and pressure over millions
of years which are resulting from the solar energy falling on the earth. Biomass is a
result of solar energy since the sun provides the solar energy to grow. For wind energy,
wind is caused by air rushing from an area of high pressure to an area of low pressure

(the changes in pressure are caused by the sun heating air).

Appendix D shows Malaysia gets most of its energy from fossil fuels, followed by
nuclear, hydropower and other renewable energy. Fossil fuels increased amount of
carbon dioxide in the atmosphere which has dire implications for the delicate balance
of ecosystem and could eventually lead to runaway climate change. Same goes for
nuclear power, it will also lead to the unbalanced of the ecosystem. Hydropower
requires large inputs of electricity. On the other hand, the other renewable energy is
clean, green, free and isn’t going to be going anywhere for about the next five billion
years which include thing such as solar power [4]. Due to all of the above reasons, it is
proven that solar energy is one of the best energy sources to be used as an alternative
energy.



2.2 Overview of Photovoltaic System

The solar pump that being designed is consist of PV panel, power storage, charge
controller, water detector and submersible DC water pump. PV panel collects the solar
energy and convert it to the DC current. The electric energy is then stored in the power
storage battery. Charge controller is placed in between PV panel and the battery to
avoid overcharging condition. Electric energy in the battery will be used to run the DC
pump. Water detector in the storage tank will determine when the pump should run or

stops operate.

2.3 Photovoltaic (PV) Cell

PV cell is a semiconductor device that can convert the sunlight direct to DC. PV
cell is made up of two thin layers of a semi-conductors materials appropriately doped
with impurity atoms so as to give one layer a negative electrical bias (n-bias) and the
other a positive bias (p-bias). When sunlight strike the PV panel, the current (electron)

will be produced. Figure 1 shows a simplified representation of a PV cell operation [5].
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Figure 1 : Simplified representation of a photovoltaic (PV) cell operation.



2.3.1 Types of the PV cells

Most of the PV cells are made up from the silicon (sand). There are four types of
the PV cells.
1. Monocrystalline silicon
2. Polycrystalline silicon
3. Ribbon silicon
4

. Amorphous silicon

Most of PV cells are monocrystalline types. The cells have a uniform colors,
usually blue or black. Normally, most of the cells had a slight positive electrical
charge. Polycrystalline cells are manufactured and operate in a similar as single-crystal
silicon. The different is lower cost silicon is used resulting the efficiency of the PV

panel is slightly lower.

Ribbon-type photovoltaic cells are made by a growing ribbon from the molten
silicon instead of an ingot. These cells are operating same as a single and
polycrystalline cells. Amorphous silicon is sometimes abbreviated as “aSi” and is also
called thin film silicon. The layers of the silicon allows some light to pass through,
multiple layers can be deposited. The added layers increase the amount of the

electricity the PV cells can provide [6].



2.3.2 Comparison of the Different Silicon Material

Table 1 [7] shows typical conversion efficiencies of silicon based on PV modules.
A lower efficiency means more PV modules are needed for the same electricity output.
Efficiency is a measurement of the electrical energy output from the module or the system
as a fraction of the light energy (sunlight) input into the module system.

Table 1 : Comparison of efficiency of three type photovoltaic silicon

Module Amorphous Monocrystalline Polycrystalline

Typical efficiency 3-6% 12-15% 10-13%

2.4 Power Storage

A battery which is actually an electric cell is a device that stored and produces
electricity from chemical reaction. A battery consists of two or more cells connected in
series or parallel. It consists of a negative electrode, an electrolyte that conduct irons, a
separator and a positive electrode. Solar battery will store the sun’s energy that

converts to electricity.



The common type of battery used is rechargeable battery. The advantage of this
battery is it can discharge more of the stored energy and can maintain a long life. The
automobile batteries are not suitable for this application because daily charge and
discharge cycles greatly shorten their useful life [8].

Figure 2 : Rechargeable battery

2.5 Charge Controller

Batteries are known to have less storage space and the sun produces energy as
long as it shines which may overcharge the battery. Charge controller is an important
part in the solar pump motor which responsible to measure the amount of the voltage in
the battery and at the same time to prevent the overcharging voltage by limiting the
amount of voltage charge into the battery. The solar charge controller must matches

battery's voltage in order to protect the battery.

Figure 3 : Charge controller circuit



2.6 DC Submersible Water Pump

Pump is a device used to move fluids, such as gases, liquids or slurries. A pump
displaces a volume by physical or mechanical action. Pumps alone do not create
pressure; they only displace fluid, causing a flow. Adding resistance to flow causes
pressure. Nowadays electrical water pump has become popular due to easy to install

and use. Electrical pump usually comes with an AC power supply [9].

Figure 4 : DC water pump

2.7 Water Level Detector

Water level detector is a circuit of a sensor which can detect presence of water.
Probe is used as water sensor. Water level detector is placed in the water storage tank,
at one level (maximum), so that it can detect whenever the water exceed the level and
activate a relay acts like a switch and is operated in normal close (NC) mode which
means, contacts disconnect the circuit when the relay is activated; the circuit is

connected when the relay is inactive [10].

Figure 5 : DC water pump



CHAPTER 3
METHODOLOGY

3.1 Design Approach

At the early stage of this project, a step-by-step approach has been planned in order
to complete the task. The project flow is shown in Figure 6 below:-

Problem Identifying
The power used to pump the water, the cost of the devices

v
Brainstorming

Trying to find the best way to overcome the problem with appropriate project design

v
Set Constraint and Criteria

Justify the level of knowledge, time, and total cost to succeed the project

v
Research

Do research by reading books & journals and try to come out with suitable solution

v
Data Analysis

Interpret data and evaluate the design

v
Designing Model

Conceptual design, model drawing

v
Project Presentation

Present the idea of the design, prototype

Figure 6 : Design Approach
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3.2 Process Flow

Does hattery's

YES
voltage exceed 13 V?
¥
Solar panels start charging the Relay-1 in the charge controller
hattery circuit is activated, contact

disconnect the hattery

Pump start working

h

Does water in the
storage tank exceed
maxitoum level?

TES

Relay-2 it the water detector
circuit is activated, contact

disconnect the pump

Figure 7 : Process flow
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3.3 System Design

The overall system is shown in Figure 8. As mentioned earlier in Literature
Review, the solar water pump consists of PV panel, charge controller, battery, water
level detector and the DC water pump.

Charge [+ + Batte + +|Water level (¥ +
controller Iy detector

Solar panel

Figure 8 : Block diagram of the overall system

3.4 System Sizing

3.4.1 DC Water Pump

Pump specification are shown in Table 2:

Table 2 : DC Water pump specification

Voltage 8V
Current 09A
Power 7.2\WN

Assume pump will operate for 1 hour per day;

Total energy consumed = 7.2 W x 1 hour = 7.2 Watt hour per day

12



3.4.2 PV Panel

From the Appendix B, average peak shine Malaysia is 4-5 hours per day.
Assume average peak shine = 4 hours per day
Required solar panel input = 7.2 Watt hour/ 4 hours = 1.8 W

3.4.3 Battery

Table 3 : Battery specification

Voltage 12V
Ampere hours 3.2 AH
Current 166.67 mA

Assume battery running for 4 hours per day
Number of hours battery can operate without recharging = 3.2 AH/ 166.67 mA = 19.2 Hours

13



3.5 Designing Charge Controller

In this system, voltage indicator circuit is used as a charge controller. The main
component in the voltage indicator circuit is the LM3914 IC. The LM3914 IC is a small
integrated circuit that senses analog voltage levels and drives 10 LEDs, providing a linear
analog display. Each LED indicates voltage level of the battery range from 10V to 14.5V.

Modification of the voltage indicator circuit is made with the additions of relay and
diodes. The solar panel in the system is connected with the blocking diode. It is because
the system includes a battery storage system where a reverse flow of current from the
batteries through the PV array can occur. This flow will drain power from the batteries.
Diodes used to stop this reverse current flow. On the other hand, relay contacts disconnect
the circuit when battery’s voltage reached 13V in order to avoid overcharging voltage to
the battery.

LOW < LEVEL » HIGH

OIOIDIBIOIOIOIOTOION

2200

F 9 W 3

6V DC
{| RELAY
1 18 17 16 15 14 13 12 11 g9 No/_'L

12V BATTERY
2

5
IC-3914 4 — 3 +

s
&N 5 2 6 7 ] (3‘
I 12V INPUT
R2 SOLAR
> (8]
R1 P GENERATOR
VWY

¥ Lo L 330Q
3.9KQ  VR1 VR2
HIGH SET HIGH SET
GND GND

Figure 9 : Schematic diagram of charge controller
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3.6 Designing Water Level Detector

Water level detector used to detect the presence of water at the maximum level in
the water storage tank. The importance of having water detector is to prevent the overflow
of the water and to optimize the use of DC water pump (pump only running when no

water in the storage tank until water reaches the maximum level).

The 1C 555 is a highly stable controller capable of producing accurate time delays,
or oscillation. Probe is used as a water sensor. Relay will act like a switch and is operated
in normal close (NC) mode. When no water detected by probe, relay is inactive (relay
contact connect the circuit) which result the pump to operate. On the other hand, when
water is detected, relay is activated (relay contacts disconnect the circuit) result the pump
to stop operate. Schematic diagram of the water detector is shown in the Figure 10.

+ +
1| GVDCRELAY
4
1()I(Q§ R 4 8 ok il
: y § ~ 2
8
— ]
PROBE 6 7 e 12vDC
12V BATTERY
s 10 WATER PUMP
Ts)
o Q R2 L1 _
3 Qt
5 3900
R3
47KQ 01H Cl 1
GND [ J G

Figure 10 : Schematic diagram of water detector
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3.7 System Storage

Battery and circuit need to have a proper storage in order to prevent them from

damages. Figure 11 below shows the storage box for the battery and circuit.

-

20cm

FROMT VIEW

20cm

TOPVIEN

z0cm

SIDEVIEW

z0cm

20cm

3 DIMENSIOM WVIEW

Figure 11 : Storage box schematic view
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3.8 Hardware

Tools of this project have been defined after defining the objectives and the project

works. Below are the hardware used for this project:

PV Panel (Two PV panel of 7.5V, 135 mA, connected in series)
Power Storage/ Battery (12 V, 3.2 AH)
12 V DC Submersible water pump

A e

Water Level Detector

3.9 Software

Microsoft Word
Microsoft Power Point
Pspice

Microsoft Paint
Microsoft Publisher

o ~ W e

17



CHAPTER 4
RESULTS AND DISCUSSION

4.1 PSpice simulation

Individual PV panel can be wired in series or parallel to obtain the required
voltage or current needed to charge the battery. PSpice simulation is an important step
before proceed with the prototype fabrication. Results show the expected value of

voltage and current for a single solar cell, two solar cells in series and two solar cells in
parallel.

4.1.1 Circuit of a single solar cell

From the simulation, 7.5 V of a solar cell connected in series with a 1 kQ resistor,
R1, produced 7.5 V voltages, 7.5 mA current.

Lo

Figure 12 : Circuit with current-voltage value of a single solar cell

18



4.1.2 Circuit of solar cells in series

Next, two 7.5 V of a single solar cell connected in series. The connection of
several solar cells is known as a PV panel. PV panel is then connected in series with a
1 kQ resistor, R1. The PV panel produced 15 V voltage and 15 mA current at the

output.

15 . 00,

1

Figure 13 : Circuit with current-voltage value of two solar cells connected in
series.

4.1.3 Circuit of solar cells in parallel

Lastly, two 7.5 V of a single solar cell connected in parallel. Result shown 7.5 V
voltage and 22.5 mA current produced at the output.

_ . 1 7 7 SO0V
- ey V! . . . . L7 . . . . . . . .
v =1 S =
™S oo~ . BRE - Scon-

Figure 14 : Circuit with current-voltage value of two solar cells connected in parallel.
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4.2 Experimental Results

Experimental value of the output of PV panel has been recorded for 5 days and

results has been recorded in a graph as shown in Figure 15 and Figure 16 below:-

Output of a single solar cell

Power, Current

Value Voltage Value
1.2 9
’__M T 8
l o A
+7
0.8 6 —s— Current
15 Power
0.6
1 4 |—e—Voltage
0.4 3
T2
0.2
+1
O T T T T T T T T T T T T T T O
Day Day Day Day Day No. of days
1 2 3 4 5
Figure 15 : Output of a single solar cell
Output of two single solar cell connected in series
Power, Current
Value Voltage Value
2.5 17.0

- 16.5

2 1 _ /\ *®
+ 16.0 | —=— Current
/\ [ /
1.5 /\ 1 15.5 Power
/ \ / \/ \J 1150 —e— Voltage

+ 14.5
0.5
+ 14.0
0 T T T T T T T T T T T T T T 135
Day Day Day Day Day No. of days

1 2 3 4 5

Figure 16 : Output of two single solar cell connected in series
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Table 4 and Table 5 below recorded the average output of single solar cells and

two single solar cells connected in series:-

Table 4 : Average output from single solar cell

Average voltage 76V
Average current 135 mA
Average power 1.03W

Table 5 : Average output from two solar cells connected in series

Average voltage 156V
Average current 135 mA
Average power 211W

4.3 Designing Stages

4.3.1 Design of pumping system

The first design of connecting the water pump, water detector level and the
batteries is shown in the Figure 17 below. All the three components are connected in

series. The problem occurred that the water pump was not working due to low current

flowing through the pump.

21



+12v

=)

WATER LEVEL
DETECTOR
-CIRCUIT : : : - ‘GND

Figure 17 : First design of the output system

Since the problem of the first design was due to low current flowing through the
pump, NPN transistor has been added to the original design. The main purpose of this
transistor is to amplify or switch electronic signal. A voltage or current applied to one pair
of the transistor's terminals changes the current flowing through another pair of terminals.
Because the controlled (output) power can be much more than the controlling (input)

power, the transistor provides amplification of a signal.

+12v
o
R1 Q1
WATER LEVEL
DETECTOR -
CIRCUIT Q2NG043 GND
O
i L

Figure 18 : Second design of the output system
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Pump in the second design was working but only for a few seconds. A further
analysis has been carried out and the problem has been determined; there is a reverse flow
of current from the motor (everytime the battery is disconnected). As a countermeasure,

diodes used to stop this reverse current flow.

+12v

R1

Q1
WATER LEVEL : :

DETECTOR

CIRCUIT }T Q2NGO45 GND

Figure 19 : Third design of the output system
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4.4 Discussion

As known from the theory, the voltage output from cells wired in series is the sum
of all the voltages from the cells. After doing the simulation with PSpice and running
the experiment, it is proven that the voltages of the output came from the summation of
the two solar cells while the amount of current maintain the same (equal to single solar

cell).

In case solar cells connected in parallel, the voltage output from cells wired in
parallel is the same value of the voltage from the single solar cell. Meanwhile, the
current (amps) output is the sum of all the currents (amps) from the panels. Simulation

and experimentation results proved the theory.

For the system part, since the pump does not need to operate for 24-hours per day,
therefore, water level detector is used to disconnect the circuit whenever the water in the
storage tank is full. Charge controller used in between PV panel and battery to monitor
the charging voltage plus to prevent battery from overcharging. Final focus was made to

complete prototype by the end of the semester.

Several difficulties have been faced throughout the semester. At the beginning of
the semester, AC water pump has been considered to use as a load (output) in the
system. Since the PV panel (input) produced DC output voltage, inverter is used to
convert from DC to AC. Unfortunately; the output power from the inverter is too small

(did not support the pump). As an alternative, DC pump has been used instead of AC
pump.

Another difficulty was when connecting the battery, DC water pump and water
detector level. Several experiment needed to be carried out in order to find the
successful way to connect all the things together. As a countermeasure, NPN transistor

with blocking diode at the transistor has been used.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Most of the work carried out was follow the time frame. The concept of each part
(PV panel, power supply, charge controller, water detector and DC water pump) used in
this project has been studied. The studies are done continuously throughout this two
semesters. The prototype of the project is implemented this semester. Project is completed

in two semester courses.

All of the project’s objectives have been achieved, which were to design the solar
water lifting system, to construct charge controller for the power storage, to construct
water level detector for the pump and to construct the prototype of solar energy water
lifting system. Studies the operations of the charge controller and the water detector

circuit have been done. Circuits also have been designed and implemented.

Step by step approach is applied in this engineering project so that the solutions are
based on every single criterion that has been studied. As a conclusion, the project is found
to be successful although there are some difficulties in order to complete this project.
Hopefully, this project will help the communities from the rural areas to solve their

problems regarding water lifting someday.
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5.2 Recommendations

Due to limited resources and time constraints, the study in this project is not fully
completed. Several points should be included to improve the performance of this project.
Therefore, the following suggestions are recommended for further study:

5.2.1 Improving the water level detector system

Currently, there is only one probe in the water storage tank. Pump will keep
running starting from empty water until the water level reach maximum (where probe has
been placed). In order to increase the life span of the pump, another probe should be
added in the water storage tank. This probe will be placed at a certain minimum level so
that pump only start to operate whenever the water level exceed the minimum level of the
probe, and will stop operate whenever the water lever exceed the maximum level of the

probe.

5.2.2 Improving the charge controller circuit

For this project, the charge controller functions as the voltage indicator and at the
same time, also to prevent the overcharging voltage by limiting the amount of voltage
charge to the battery. The improved charge controller must be able to choose the
operation whether to charge the battery or to directly supply the power to the pump
whenever the battery voltage exceeded cutoff value. Hopefully, the improvement of the

circuit can make this project is become much better.

5.2.3 Adding second source at the input

Solar panel only produces voltage when there is sunlight. In order to improve the
input power to the source, adding another source such as wind turbine which will boost up

the input power.
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APPENDIX C
ENERGY SOURCES

FOSSIL FUELS

Fossil Fuels are a result of plant and
animal matier from millions of years ago.

This plant matter was formed as a result of
solar energy falling on to the earth — so € <
fossil fuels are essentially sequestered 5 )

solar power.
—~

SOLAR ENERGY

Direct solar energy is power that

we can harness here and now as

a result of the sun falling on solar g

5 5 WIND ENERGY

poweracaoMices. / - < wWind turbines can be

kﬂ o used to pump waler or
generate eleciricity. The
movement of air from an
area of high pressure to
an area of low pressure

is a process which is

HYDRO-ELECTRIC POWER v
The hydrological cycle take \‘
water from the ground, and \\
deposits it as rain. Some of this 3
rain ends up at a high ground

level. Its fall to lower ground can

"1 W driven by the sun heating
be used to generate power. The & e air and causing it to
hydrolegical cycle is driven by _ T become less dense.
the sun. - i - . -

~ < 2 L o — e
e .////
BIOMASS ’ X - ) P PR
Biomass is the term L IR =% P 2
given to plants which we — e o 4 i
can burn as fuel. The sun o - — I
- provides the energy to ot e K WAVE POWER
o grow. The plants ulilize i " Wave Power (as distinct from
this energy through a 5 £ / Tidal Power which is driven by
-- process of photosynthesis. [ - the moon) is created by the wind
L . o e blowing on the surface of the
T = il water. As the wind is a sun
o driven process, so is wave
power.
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APPENDIX D
ENERGY CONSUMPTION IN MALAYSIA
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APPENDIX E
AVERAGE LOW PEAK SUN HOURS
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