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Abstract: Residents with B40 status, especially residents who have private homes,
need a low cost of living and save money. To get electricity savings, an innovation
can be done. The existence of water pipe flow in residential areas that is constantly
flowing all the time can be used to be converted to electricity using hydro pico
generator module for domestic water pipe installation so that it can be used to supply
electricity to consumers. The output stability of the pico hydro generator module can
be enhanced with a stabilizer in the form of a DC to DC converter system so that it
can reach a stable voltage of 5 volts DC. In this final project, the DC to DC converter
used is a buck-boost converter obtained from a permanent magnet DC generator in a
pico hydro generator module system. The buck-boost converter circuit can produce a
stable output voltage of 5 volts DC. A stable DC output voltage is then routed to the
battery charger module with a frequency of 50 Hz. A predefined buck-boost converter
circuit can work when given an input voltage between 2-8 volts. The test results of
the whole system produced an average output voltage of 4.98 until 5.12 volts with an
average output current of 0.12 amperes.
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1. Introduction

Hydroelectric is clean, non-polluting and a renewable source of energy. It utilises the water which
will be reused for another purpose. By moving the turbine with the help of water, electricity is produced.
It is done by converting kinetic energy and the potential energy of water into useful forms of energy. It
is the oldest technology available for power generation [1]. However, electricity is a very important
energy in modern civilization that shows most appliances need an electric supply to operate. It helps
humankind to be more productive and improves the quality of living [2]. By the way, it is vital to find
new ways for electricity generation, especially for residential areas that accost-effective and sustainable

[3].
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Thus, this project aims to utilise hydro energy and convert it into useful electric energy by designing
a pico hydropower module [4]. A pico hydropower system needs a turbine or waterwheel and generator
to transform the energy of flowing water into rotational energy, which is converted into electricity [5].

Micro hydropower is a type of hydroelectric power that uses the natural flow of water to the
generator between 5 kW and 100 kW of electricity [6]. Contradictorily, pico hydro is defined as
hydroelectric power generation of under 5 kW [7]. These generators have shown to be beneficial in
small, rural villages with limited electrical needs. However, society does not realise that were having
wasted the energy of water flow from household pipelines. Hence, an innovative design of pico
hydroelectric generation module will be proposed in this project to harvest the waste kinetic energy
from the continuous flowing of treated water in residential pipelines.

The water flow rate at some residential areas is not consistent. This problem will cause many
implementation issues on a typical pico hydroelectric module such as over speed and ineffective
generation. Therefore, this project is devoted to proposing appropriate design parameters that can
further improve the functionality of the pico hydroelectric power module. Taking into consideration the
above-mentioned issues, it is possible to increase the efficiency by using low and high pressure water
energy systems. The major technical parameters of the hydro turbine are the water flow velocity and
water volume.

A typical DC mini water turbine generator can only produce up to 1.8 Watt of power [8] that can
just be used to light up LED [9]. Therefore, this project will improve this issue for at least the pico
hydro generation module can charge a Lithium-lon rechargeable battery.

The main objective of this research is to design a pico hydropower module that can be embedded
into an existing residential distribution pipeline. Its measurable objectives are as follows: to perform
comprehensive modelling and simulation works of a pico hydropower system, to control the generated
voltage due to inconsistent water flow rate of residential pipeline and to apply an appropriate energy
charging and storage circuits for the pico hydropower module.

2. Materials and Methods

The methods used to develop pico hydropower system that can be embedded into an existing
residential distribution pipeline and charge 3.7V 1300mAh Lithium lon rechargeable battery will be
describe. This methodology helps to ensure that the project progress will be as the planned. Moreover,
any problem occurs can be solve in order to achieve the project objectives. The flow how the project
work is illustrating by step using flowchart. After that, the simulation and outcome of this project are
built and acquired by putting together the necessary components needed in MATLAB Simulink.
Therefore, all the sequence used in order to ensure the objectives are achieved as well as obtaining an
excellent result.

2.1 Work Flow of Project

The aim of this project is to generate a power supply for charging batteries using pico hydropower
system. The overall process and procedures of this system are illustrated by a flowchart as shown in
Figure 1. The work starts by identifying the problem statement. Then, the tools needed in designing this
project is determined. After implementing the pico hydropower system, the result obtained is used for
the analysis and discussion.

2.2 Project Flow Design

The process for designing this project is shown in Figure 2. Every important aspect to make sure
this project functions for solving the problem is clearly described through the flowchart.
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Figure 1: Workflow to generate a power supply for charging the battery using pico hydropower system
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Figure 2: The flowchart in designing the project
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2.3 Buck-Boost Converter

The output voltage of a buck-boost converter can be less than or larger than the input voltage. The
output voltage polarity is opposite that of the input voltage. An inverting regulator is another name for
this converter. Figure 3 depicts the circuit layout of a buck-boost converter.

There are two modes of functioning for the circuit. During mode 1, the MOSFET is used as a switch,
and the diode Dm is reverse biased. The rising input current passes through inductor L and the
MOSFET. During mode 2, MOSFET is switched turned OFF, and the current flowing through inductor
L is diverted to L, C, Dm and the load. The energy stored in inductor L would be transmitted to the
load, and the inductor current would decrease until the next cycle when the MOSFET would be switched
ON again. Figure 4 depicts the comparable circuit for the modes.
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Figure 3: Buck-boost converter schematic

Df“
———— e ———
I i _L Il
I T c Load
i &
‘L i, =1
Mode 2

Figure 4: Equivalent circuit of Buck-boost converter

The rate of change of inductor current is constant, indicating that the indicator current is linearly
increasing. The previous equation can be written as
ai _ sy _ Vs Eqg. 1
At DT T L

Solving for Al when the switch is closed

) V.DT
(‘ﬁl[.)c!r}scd = -L EqQ. 2
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Analysis of the open switch. The current in the inductor cannot change instantaneously while the
switch is open, resulting in a forward-biased diode and current into the resistor and capacitor. The
voltage across the inductor is at this point is

UL:VO:L% Eq3

diy, _ Vg Eq. 4

Inductor current is changing at a constant rate, and the current changes at a constant rate are
Ay _ Ay _ W

AL (A-D)T L Eqg.5

Solving for Al

. Vo(1-D)T
(ﬁl,[,)npen = []T Eq. 6

When utilizing using Equations (2) and (6), the net change in inductor current in inductor current
over one period must be zero for steady-state operation.

(AiL)ciuseu’ + (‘ﬁii.)upen =0

quT + Vr)(lL—D)T =0 Eq. 7
Solving for Vo,
D
Vo = =V; [E Eq.8

Eqg. 8 demonstrates that the output voltage is polarized in the opposite direction as the source
voltage. Depending on the duty ratio of the switch, the output amplitude of the buck boost converter
can be less than the source or more than the source. The output is larger than the input when D > 5,,
and output is smaller than the input when D < 5.

In the buck boost converter, the supply is never directly connected to the load. When the switch is
closed, energy is stored in the inductor and delivered to the load when switch is opened. As a result,
buck boost converters are also known as indirect converters.

The amount of power absorbed by the load must be the equal to the amount of supplied by the
source,

Where
_P Eq. 9
Py = = q.
2
l%; = Vel Eg. 11
Average inductor current is related to average source current by
Resulting in
7
== Vel D Eg. 13
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Substituting for Vo using equation (8) and resolving

I = Vi _ Po _ _VsD
R TY V¢D ~ R(1-D)?

Maximum and minimum inductor current is determined using equation (2) and (14)
Aij VgD VDT

Lpax =11 + 5 - R(1-D)? oL Eqg. 15

Eq. 14

B _ _VsD | VsDT Eq. 16
2 R(1-D)? 2L

The inductor current must remain positive for continuous current to flow. To determine the
boundary between continuous and discontinuous current Imin is set to zero in Equation (16),

Imm = ]L -

1-D)%R
(LF) i, = 25 Eq. 17
Or
(1-D)2R
me — 2 Eq 18

When F is switching frequency in hertz. The capacitor current waveform is used to calculate the
output voltage ripple for the buck boost converter.

AQ| = (%2) DT = caV, Eq. 19
Solving for AV,
DT D
&vp _ D Eq. 21
Vo  RCF

Table 1 tabulated the parameter of the buck-boost converter based on the calculation.

Table 1: Buck Boost Converter Calculation Parameter

P (power) 4Watt
Vin (minimum input voltage) 2V
Vin (maximum input voltage) 8Vv
Vout (desired output voltage) 5V
Output Voltage Ripple 1%
Ripple Current Inductor 10%
lo 1A

R (Load) 10 Q

The following is the calculation to determine the value of the components used:

1. Calculation with 2V input

a. Determine the duty cycle value

1

Vo = D

Vi Eq. 22
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1

>= o)

D =0.6

b. Determine the inductor value
Io=Ic=1A
Il=lo+1li=14+1=2A4A

__ VixD
- Allpp Xfsw

_ 206
7 0.1 2 x15000

L=40mH

c. Determine the capacitor value

_ Io XD
- AVcpp Xfsw

_ 1% 0.6
" 0.01 X 5x15000

C =80mF

2. Calculation with 8V input

d. Determine the duty cycle value

p=22
Vi
p=2
8
D =0.625

e. Determine the inductor value

__ Vox(1-D)
- Allpp Xfsw

_ 5x(1-0.625)
T 0.1 X2 x15000

L =63mH
f. Determine the capacitor value

Allpp
8 XAVcpp X fsw

_ 0.1 X2
~ 8x0.01 X5 X15000

C =03uF
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Eg. 23

Eq. 24

Eq. 25

Eq. 26

Eqg. 27
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From the calculation of the buck-boost converter, the smallest inductor value is 40 mH and the
largest capacitor value is 80 mF.

3. Results and Discussion

Hardware of this project has been developed by referring to the circuit designed in the previous
chapter. Figure 5 shows the view of this project hardware. All the components used linked together in
order to have a precise test results. Starting from water flow in domestic pipe line, valve of water flow
control, dc generator, then the output voltage enters buck-boost converter. The buck-boost converter is
used to stabilise the output voltage of dc generator, so that it can be stable at a voltage 5V dc to supply
battery charger module, then charged the 3.7V 1300 mAh lithium ion battery. Figure 6 shows battery
charger module at charging condition and Figure 7 shows battery charger module at full charged

condition.
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Figure 5: Top view of Pico hydro generator module
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Figure 6: Battery charger module at charging condition
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Figure 7: Battery charger module at full charged condition

The overall test was carried out by passing various amount of water flow through the generator.
The amount of water flow can be set by adjusting the 90° valve water flow control. Valve was set from
40° of valve and increase constantly 40° until up to 90° of valve control shown in Figure 8.

Figure 8: Adjusting valve of water flow control through Pico hydro generator module

The output voltage of a DC generator varies depending on the amount of water flow applied. Table
2 shown the overall test results of buck-boost converter on the pico hydro generator module.

From the data collected in Table 2, when the larger amount of water flow, the larger output voltage
of DC generator. 4.26 V is the maximum voltage produced at maximum openings of valve water flow.
The average output voltage from battery charger module is 4.15 V that very suitable to charge 3.7 V
1300 mAnh lithium ion battery. According to the result of the tests, the battery charger module can
perform successfully if the buck boost converter output approaches or exceeds 5 volts.
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Table 2: Overall test result of buck-boost converter on pico hydro generator

Valve of water  Output Voltage DC Output Voltage Output voltage
flow Control Generator (V) buck boost battery charger
®) converter (V) module (V)
40 2.15 4.99 4.11
50 2.51 5.01 4.09
60 3.08 5.02 4.15
70 3.62 5.08 4.13
80 3.80 4.98 4.11
90 4.26 511 4.16

4, Conclusion

Water consumption at home can be used to generate electricity by installing a pico hydropower
generator. At the end of this study, all the objective of this project is achieved and considered successful
with all the result obtained. Able to perform a comprehensive modelling and simulation works of pico
hydropower system. Besides, the output voltage using dc generator that has been connected to a turbine
and flowing with water, the average output voltage of buck-boost converter reaches 4.98V and 5.12V
due to inconsistent water flow rate of residential pipeline. Last but not least, this system constantly
supplies 5V voltage to battery charger module to charge 3.7 Li-lon battery that suitable for the electronic
loads such as laptop battery packs, telephones, electronic cigarettes, flashlights and cordless power
tools. This project will help to save electricity bills and can benefit other.
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