















































CHAPTER 1

INTRODUCTION

1.0 Introduction

Nowadays, renewable energy is the most prominent energy that has been use to
generate power. It can be classified to several category such as biofuel, biomass,
geothermal, hydropower, solar energy, tidal power, wave power and wind power. By
using the renewable energy, it is one of the initiative to reduce the pollution and global
warming. Besides that, it helps the rural areas people get access to the electrification
[1]. Based on the research has been done, 16% of world population by 2030 will not

get an access to the electrical supply [2].

One of the renewable energy that widely use is hydro power. The fact state that 16.3%
of the electrical source is came from hydropower generation [3]. It use the flow of the
water to move the blade of the turbine that connected to the generator by the shaft [4].
The inexpensive of renewable source, it play an important role in generating power
supply in the future especially in developing countries [5]. Therefore, hydro power is
the most effective way of the power generation. Other than that, it create a reservoir
which means it may increase the variety of recreational activity such as fishing,
swimming and boating. Other than that, the reservoir may provide seasonal stability

of energy supply in which the water that has been store are use to generate electricity

[6].



Figure 1.1: The component of hydro power [7]

Hydro power is the most efficient technology that convert the mechanical movement
of the turbine into electrical energy. As shown in Figure 1.1, it is some of the
component need to be present to convert the mechanical movement. It be classified to
several type such as pico hydro, micro hydro, mini hydro, small hydro and large hydro
by referring to their output power generated [8]. It was divided based on the capacity
that can be generated from the hydro. For an example a pico hydro power generator
usually can generate the power to the maximum capacity of five kilowatt [9].
Meanwhile the micro hydro can generate power to the maximum capacity of 100kW

[10].

The power generated is caused by the flow of the water into the turbine which act as a
prime mover of the system [11]. The angle of the blade that was attached to the turbine
form a kinetic energy to move the rotor of the generator. The turbine also can be
classified into three common type which is impulse turbine, reaction turbine and

gravity turbine. Figure 1.2 shows the example of cross flow turbine operation.
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Figure 1.2: Cross flow turbine system operation [9]

Impulse turbine is a system that require the fast-moving water to flow through the
turbine and it usually it will operate in optimum when the head is above 10m [8]. Other
than that, the reaction turbine also one of the famous system that has been use in power
generation. Reaction turbine perform well even the head is less than 10 m in which the
low head water can be utilize easily [12]. Compared to impulse turbine, the reaction
turbine is much more expensive due to the complexity of the design [13]. Figure 1.3
show the operation of the well turbine to drive the internal shaft. Sadly, wells turbine

is rarely use since it has low efficiency and create high noise during the operation [14].
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Figure 1.3: Operation of well turbine [14]



The hydro power generation has been introduce since 19" century. It give a lot of
advantages to the human kind such as power electricity demand, clean water supply
and etc. Most of the inventor or innovator of this technology focus on major supply
such as power plant station. It seems there is lack of invention on small capacity of

power generation that could give a lot of advantages too.

1.1  Small hydro

Small hydro is a system that able to generate power up to 100kW [15]. Small hydro
also consist of other miniature hydro system such as mini hydro, micro hydro and pico
hydro. Pico hydro is one of the smallest power generation system which is the cheapest
and require less effort compared to the bigger power generation plant [8]. Pico hydro
has the capability of generating power up the fluorescent light bulbs and TV or radio
for approximately 50 homes around it [9]. Pico hydro stands the fundamental of the
hydropower generation. For an example, in Thailand the farming village installed their
pump as a turbine for their pico hydro system [16]. There is two parameter that need

to be considered in order to obtain the optimum output of the generator.

Main parameter in pico hydro

Water head (H) Water flow (Q)

Water flow rate

Water quantity

Volume per time

High flow > 30L/s

10L/s < Medium flow < 30L/s
Low flow < 10L/s

» Vertical drop of the water

Water pressure

> Difference height between
water intake and turbine

» High head >30m

10m < Medium head <30m

» Low head <10m
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Figure 1.4: The specification of head and flow of the water [13]



The water head can be describe as the pressure of the water that in vertical axis toward
the water drop from the surface of the water. It was formed through the existence of
height. It is also the distance between the height and the water intake into the turbine.
In the other word, it is also can be related to the attraction of the gravity. The
classification of the parameter of pico hydro are shown as in Figure 1.4. Besides that,
the water flow also act as a main factor to the power generation. The water flow is a
rate where the water intake is taken in order to create a kinetic movement to the turbine.
Pico hydro power plant is an excellent alternative to provide a low cost, small, easy

installation and low cost maintenance which give a lot of advantage to the consumer.

1.2  Water turbine

Water turbine is a rotating device that convert the mechanical movement to the
electrical parameter. In the past century, it was built to perform the mechanical power
work before it is widely used for mechanical energy conversion. It is well known as
the prime mover of the generator that exist in the dams to generate electricity. The
flow of the water into the turbine give an assist to the movement of the turbine. It is
aligned with the movement of the water. Basically, most of the water machine is
reaction machine which it rely on the pressure of the head that acted on it to produce

a movement. The turbine need a fully loaded water supply during their energy transfer.

The main theory of the operation of the turbine is the directed flowing water toward
the blades of the turbine creating a force on the blades. The angle of the attached blade
helps the turbine to move in such a high speed. Besides that, it also control the flow of

the intake water so that the water pumped into the turbine can be spell out.

The structure of the turbine could be small or large in circular. The bucket or blades
attached around it are able to produce a lot of torque to drive the auxiliary generator.

Generally, the water turbine has more blades to the central of the shaft. It is because,



the rotation of will affect the next blade to get contact with the force act on it. But the

speed of the rotation still depend on the speed of the water intake into the turbine.

As mention earlier, the parameter of the hydro is an important factor to push the hydro
to generate the optimum power which is include the head of the water that related to
the attraction of the gravity. The water turbine can be divided into three main group
which is impulse turbine, reaction turbine and gravity turbine. The impulse turbine is
a technology that driven in a high velocity of the water flow to create a force to the
turbine blades. Meanwhile, the reaction turbine are fully immersed in the water which
are surrounded by the pressure to form a force to the surface of the blades. The gravity
turbine just process the fundamental of the gravity pull where the weight of the water
entering the upper part of turbine create a force to the blade and drop to the bottom of
surface. Figure 1.5 below shows that the classification of turbine according to the level
of head.

Figure 1.5: The classification of water turbine



1.3  Research Gap

The main focus of the project is utilize the potential energy of the waterways, small
waterfall and drain system for a sustainable energy source. The flow of the water has
the possibility to convert the small potential energy to a useful power generation
without affecting the daily activities and the habitat. This is also the alternative to
preserve the generation and in the same way the power can be generated. Besides that,
it is best way for the consumer to save up their dollar bills on their power utilization
charge. It is also portable which can be use in any kind of situation. For an example,
camping beside the waterfall require the source of light from the spotlight. Therefore,

the invention may be a lot of advantage to the camper in the future.

Nowadays, most of the power generation is focus on the high power which the capacity
is up to 30 MW. This could be so expensive and complicated in term of the installation
and maintenance. It is also costly to build and require the large are of water supply.
The large hydro power commonly use high and medium head turbine such as Pelton,
Turgor, Francis, Propeller and Crossflow which describe the expenses that need to be
use. From figure 1.6 below, it show the typical range of a turbine according to the rate

of flow and head of the water.

Figure 1.6: Water turbine application range [2]



1.4  Objective

The objective of the project is:

e To design a simple and low cost pico hydropower for small water resources.

e To investigate the performance of different type of generator base on the

different flow rate and head.

e To make a comparison on the theoretical and experimental result of the pico

hydropower.

1.5  Scope of project

The scope of the project is a section where the boundary or limitation in developing a
system. It is important because in order to obtain the output in experimental test of the
prototype, boundary has to be made to justify the output of the experiment on a certain
level. On the first scope of the project, the level of head is set to be Sm to achieve the
output of 100W. In addition, the rate of the water flow also need to be set to 2L/s.
These two prospect are related to the law of physic which the pressure applied and the
attraction of gravity will assist the movement of the water. This is really obvious when

these two aspect is increasing, the output would be at the highest point.

Other than that, the portability and the lightness of the prototype would be one of the
aspect that need to be consider. It is because the aim of the project that to provide the
consumer a product that could ease their daily life in generating electrical power. Next,
in term of saving the nature, the product are set to be float on the water. By applied

this invention, the nature habitat of water life could be preserve.

The other scope of project is designing the prototype using a designing software called

SolidWorks 2015. The software has the technology of predicting the total weight of



