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ABSTRACT

The aim of the project is to carry out a study about power distribution system.
An energy efficient distribution power system with the implementation of solar
energy is proposed in the system. The use of distributed power generation helps to
reduce the electricity transmission losses because the electricity is generated at a
placed near to the electricity consumer. The finite sources of electricity generation
such as fuel and natural gas will be depleted in the near future. Renewable energy is
considered as an effective alternative for the issue. The distributed power generation
system is design to have a sustainable supply for the load demand. The correct sizing
of the solar panels will help to improve the efficiency of the system. Based on the
simulation that have been done on the proposed system using HOMER software, it
results in the optimize design of the renewable energy based distribution power
generation system. A system is also designed using Visual Basic 2008 to help to
calculate the most feasible number of solar modules and the suitable arrangement for
the system. Throughout this project, the potential of renewable energy to be
implemented in the power generation and distribution has been recognised as an

alternative source in power system.
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

This project is about the study of the potential of renewable energy to be
implemented in the available power generation and distribution system. Electricity is
being generated at the central power plant and uses various types of energy sources. The
electricity generation sources are coal, petroleum, natural gas and nuclear power {1}. In
Malaysia, electricity is generated using sources from petroleum and natural gas. The
main issue nowadays is the sources mention above will be depleted in the near future. It
is essential for human to find other aiternative sources to replace the finite sources. One
of the possible solutions is to use the renewable energy as an alternative to the power
generation and distribution system. This is due to the fact that renewable energy is from
the source that is constantly present, readily to be extract and most importantly it wiil

never runs out [2].

The project involves the study focusing on the potential of renewable energy to
be implemented in the available power generation and distribution system.
Conventionally, there are two types of power generation approach; centralized and
distributed power generation. Malaysia is using the centralized power generation
approach in the industry of electricity generation. Electricity is generated using
generator according to the electricity load demand and being transmitted over relatively
long distance from the central power plant to the electridity consumer. Large generator
with centralized station has been the main method so far in the electrical generation

industry [3].



The other approach being used in power generation and distribution system is
called as distributed generation. The amount of dissipated energy along the transmission
line is reduced because the electricity is generated very near to electricity consumer [2].
But, the systemn cannot sustain large enough load for the user. For this project, the study
is being done to choose the suitable power generation and distribution concept to be

implemented in renewable energy based generation system.

The use of renewable energy is an effective alternative to be implemented in the
power generation system. Examples of renewable energy are solar energy, wind energy,
hydro energy, biomass energy and others. The renewable energy is more expensive than
conventionally used supplies. But, the use of renewable energy heips to reduce poilution
and conserve fossils fuels [3].The project will focus on solar energy optimization to be
implemented in the power generation system. The main reason for the solar energy is
chosen is due to the fact that Malaysia is located close to equator line of the earth.
Basically, Malaysia received eight to ten hours of direct sunlight per day.



1.2 Problem Statement

The centralized power system that is extensively used is not energy efficient. The
distribution and transmission of electricity is not energy efficient due to the power
dissipated in the transmission lines. In order to reduce the power loss, an alternative is to
be implemented in the system. Even in the distributed power generation method, it is not
sufficient enough to reduce the power dissipated along the transmission lines. Due to

this fact, it is important to find an alternative for the issue.

Due to the increase in generation cost, the need to find an efficient alternative is
inevitable. The approach of using renewable energy is an environmental friendly
method. An efficient renewable energy based distributed power generation can be
considered as a viable solution. But, the renewable energy such as solar energy may not
be available at all the time. It is important to find a solution to optimize the use of the

renewable energy.

By using solar energy as the main source in the system, the issues are the cost of
installing, operation and maintenance. The photovoltaic needed to be size efficiently and
cost effectively. The size of the photovoltaic should be large enough to sustain the load

over a period of time.

13  Objective of Study

The objectives of the project are:

a) To carry out a study on the present power distribution system

b) To propose energy efficient distributed power system by utilizing suitable renewable
energy sysiem

c) To design a simulation software for the proposed energy system



1.4  Scope of Study

The project is about the study of power generation and distribution system. It
also includes the study for the potential of renewable energy such as solar energy, hybrid
energy, geothermal energy and others to be implemented in the power generation for
energy efficient distribution system. The project would start by knowledge gathering and
theoretical study of the topic. Then, the issues and problem of the power generation and
distribution is identified. A study was done to implement the use of renewable energy in
the system as the alternative in improving the system and to reduce the power loss

during power generation and distribution.

The focus is on solar energy as the energy source, a study about photovoltaic is
done to know the basic criteria of the energy. The criteria would be the operating
principle of the photovoltaic cells, the various types of solar energy, and efficiency of
the energy. The two approaches to be considered in this project are; centralized power
generation and distributed generation. The issues of both approaches were determined
throughout the project. The potential of the renewable energy generation and distributed

system are implemented in the chosen concept.

The project includes the study related to the sizing of photovoltaic system’s
components such as the photovoltaic modules, batteries, and inverter. The size of the
photovoltaic cell is being determined by the amount of the load that needed to be
sustained by the system. The sizing of the battery is conducted to ensure that there is
enough energy stored in the battery. The energy from the battery will be used during the

cloudy of rainy day in the area which means there is no sunlight on the area.

The software used for the ptohovoltaic system simulation is HOMER, renewable
energy system software. Basic understanding of the software is required to perform the
simulation of the designed system. From the software, the best design will be chosen to
be implemented in the system. The design is considering the effective cost, life cycle of

the equipment and operation and maintenance cost.



CHAPTER 2
LITERATURE REVIEW

2.1  Electricity Generation

Electricity generation is defined as the process of converting non electrical energy to
electrical energy. In the process of delivery of the electricity to the consumer, electricity
generation is the initial procedure which is then continued with electrical power
distribution and transmission [4].The source of the electricity generation are from oil,

coal, natural gases and nuclear power.

There are two major approaches being practiced in present power generation system.
The approaches are; centralized generation and distributed generation. The project
involves the potential of the renewable energy to be implemented in the suitable power
generation concept that has been practiced in the electricity generation industry, The
project will mainly focus on the use of solar energy as the source of renewable energy in

power generation and distribution system.

2.2  Centralized Generation

One of the most practiced electricity generation nowadays is centralized generation. This
method has been practiced since 1881 by the electricity generation industry [4).
Electricity is being generated at central stations. The generated electricity is usually
being transmitted to the consumer over long distances Most of the generation power
plants are built based on the factor of health & safety, economic, environmental and
geographical factor. For example, a coal power plant is built far from the city to prevent
the air pollution from the generation process. The coal plants are usually built near to the

collieries to reduce the cost of transporting the coal [4].
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Figure 1: Centralized Power Generation

The above figure shows the illustration of centralized power generation system practiced
nowadays [5]. Electricity is being generated at a central power plant using the source
from oil, coal, natural gas, and nuclear power. The generated electricity is being
transmitted to the electricity consumer via transmission power lines and power grid. This

concept is being practice to transmit the electricity over relatively long distance.

23 Distributed Generation

The other approach that has been practices in the electricity generation is the distributed
generation. This method is also known as the ‘localized electricity generation’. The
electricity is generated at a power generation plant using various source of energy such
as oil, coal, natural gas, and nuclear power which is the same as practiced in the
centralized electricity generation. The difference of both methods is the location of the
power generation plant itself. In distributed generation, the power plant or generation of
electricity is located at a place near to the electricity consumer. [6]. Therefore, this

approach reduces the power lines and power grid to be constructed.

6



In the distributed power generation approach, electricity transmission loss can be
reducing by using this method due to the shorter distance between the power generation
and the consumer itself. The main concern in this approach is the installation cost. But,
as the time past, the approach of distributing electricity is effective for electricity

generation and transmission.
24  Renewable Energy

Renewable energy is also being called as the alternative or sustainable energy. Research
and study are being conducted to implement the use of renewable energy in the ¢lectrical
generation system. This is due fo the fact that, the finite source that is used in the
conventional electricity generation system will be depleted one day. It is essential to find
the alternative energy sources to replace the finite source. The cost implementing the
renewable energy as the main energy source can be reduced if the system can fully
utilized the source energy efficiently. The renewable energy is environmental friendly
and does not cause any pollution to the nature. Most popular renewable energy being
implemented is solar energy and wind power. In Malaysia, the study of renewable
energy is also being conducted nowadays. Below listed the available renewable energy

Sources:

2.4.1 Solar Energy

Solar energy is considered as the energy from the sun which can be converted
into electricity using solar cells. The challenge of using solar energy is the sun
trajectory. The earth rotates 24 hours a day, the position of the sun is changing as
the earth rotates. Solar radiation intensity witl be affected as the location of the

sun changes.



2.4.2 Wind Power
The latest usage of this type of renewable energy is the construction of offshore
wind farms, clusters of electricity generating turbines being constructed at the

areas with strong winds.

25 Photovoltaics

Photovoltaic is a system of capturing the energy from the sun ray’s and convert it into
electricity. Electricity from the solar energy can supply power from small homes to large
office buildings {7]. In order to capture the sunlight, photovoltaic panels are used. The
energy from the sun is then being converted into electrical energy. Solar cells are made
from thin semiconductor wafer such as silicon which then will produce the electrical

signals. The release electron is the form of electricity being converted from sunlight [8].

The photovoltaic panel or solar panels are consisting of collection of solar cells being
arrange in a panel. A number of solar cells connected together and being arranged in a
mounted framed is called the solar modules. The module is design to supply electricity
at certain amount of electricity. Most commeonly is 12V photovoltaic modules [7]. A
number of modules being wired together will form an array of photovoltaic. The
modules and array being connected in combination of series and parallel connection to
get the desired amount of voltage and current form the photovoltaic. The figure 2

illustrates the photovoltaic cell, module and array.



Figure 2: Arrangement of Solar Cell
2.5.1 Characteristics of Photovoltaic

The produced voltage from a solar cell is depending to the material of
semiconductor being use in the cells. For a silicon based solar cells, the output
voltage is approximately 0.5V. As the solar radiation intensity of the sunlight
increase, the current will also increase. The maximum current that solar cell
manages to produce is 2A with 100cm® when being radiated with 1000W/m? [9].

2.5.2 Types of Solar Cells

Three types of solar cells being used are:

(a) Monocrystalline cells

(b) Polycrystalline cells

(¢) Amorphous or also known as thin film solar cell



Even though sunlight is free and abundant; the cost of solar electricity is expensive
compared to the conventional way of electricity generation. The usage of solar energy is
cost effective in the long term because the solar energy is an alternative to cater the issue
of the depletion of finite sources in the near future. Today’s technology has made solar

energy as most cost effective {7].

10



CHAPTER 3
METHODOLOGY

3.1 Procedure Identification

The figure below describes the project work flow. Refer to Appendix A for the

suggested milestone which has been planned for the project.

( START )

Data collection:
* Photovoltaic
» Distributed generation
e Centralized generation

l

Distributed power generation

Yes
Efficiency, stability
High energy loss?

No

Centralized Power Generation

l

Load estimation / calculation

Simulation: Homer Software
L

Test model
|

Renewable Energy System Design: Visual Basic 2008
|

System Improvement

Figure 3: Project Flow Chart
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3.2 Procedures

In this chapter, it explains on the methodology or flow of the project that will be carried

out throughout the project completion. These are the steps involve:

3.2.1 Information Gathering

To kick start the project, research work on underlying theories of conventional
method of power generation and distribution is conducted. It includes the topics
of:

a) Centralized Generation

b) Distributed Generation

At the same time, study about the potential of renewable energy to be
implemented in the system is also being conducted. The project is focusing on
solar energy as an alternative in power generation is carried out. It involves the

study of solar energy, photovoitaic cell sizing, and battery sizing.

3.2.2 Proposing the Suitable Method

After the information gathering of the available power generation and
distribution system, the most suitable approach is selected to be implemented in
the project. The project is then continued by checking the feasibility of materiai
to design an effective power generation using renewable energy focused on
photovoltaic from the solar energy. Figure 4 describe the proposed distributed

power generation system that utilizes the use of solar energy.

12
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Figure 4: Renewable Energy Based Distributed Power Generation

In this system, electricity is generated at the generation station which is situated
closer to the electricity consumer and reduced the transmission loss. In this
project the residential electricity usage is considered as the electricity consumer.
Electricity is generated using photovoltaic system and generator in case of
shortage of solar intensity radiation during the rainy or cloudy days in the area.
Energy generated by the photovoltaic system is also being stored in the battery
for the usage of electricity during at night. The control circuit consist of the
selector and inverter. The selector is use to chose the between phovoltaic alone or
including the generator. The inverter is used to convert the electricity in
photovoltaic system in DC into AC power.

3.2.3 Load Estimation

In this part, the value of the load to be used in the system is to be estimated. The
method used is by gathering the Tenaga National Berhad electricity bills of
various types of houses that are available in Malaysia. Then, the load average
value is considered as the load reference value for the simulation to utilize the

use of the renewable energy in power generation and distribution system.

13



3.2.4 Simulation

Then the simulation is done to test the system. The simulation is done by using
HOMER, the Micropower Optimization Model software. HOMER is a software
that can design for both off-grid and grid connected power system with the
implementation of renewable energy as the source the in the system. The
simulation is done by considering 8760 hours in a year. The simulation will

result in the electric in an hour that the system can supply.

The main objectives to be achieved are to utilize the renewable energy source, to
improve the system efficiency and the stability of the energy source to be
implemented in the system. The load value calculated earlier is being

implemented in this part of the project.

3.2.5 System Design

Next, a system is being design using sofiware called Visual Basic 2008. This is
the user-interface software. In the designed system, the user can enter the amount
of load required by the user. Then, the system will provide the user with the most
suitable renewable energy system design for the user focusing on the solar
energy. The system will provide the user with the most feasible design of solar

modules arrangement according to the load requirement.

14
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Tools/Software Required
In order to complete the project, several software is used.

3.3.1 Microsoft Excel

Microsoft Excel is used to do the sizing of the equipment and devices to be
considered in the renewable energy system design. The sizing is done based on
the required amount of load to be sustained by the system over a specified period

of time.

3.3.2 HOMER software

HOMER is micropower optimization model software that provides the most
feasible design of the renewable energy system. The equipment and the deviées
that have been sized earlier are to be implemented in this stage of simulation. The
solar radiation infensity value is different from one area to another area. The
simulation will also consider the installing, maintenance and operating cost for
the system. The final output of the software is the most feasible design of the

renewable energy system based on the specified requirement.

3.3.3 Visual Basic 2008

Visual Basic 2008 is used in the final stage of the project. A user interface
system will be design. The user has to provide the amount of load that needed to
be sustained using the renewable energy system. Then, the designed software
from Visual Basic 2008 will provide the user with the suitable renewable energy

system to be use by the user.

15



CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Centralised and Distributed Power Generation

Based on the information gathering on centralised and distributed power generation and
distributed system, the best approach has been chosen after analysing the criteria of both
of the approach. The chosen approach is the distributed power generation system instead
of centralised system.

In distributed power generation, the distance of the power plant and the electrical
consumer is near. The electricity loss during the transmission is reduced. This method
has been chosen as the suitable approach to be implemented in the photovoltaic system.
This is due to the instability of the solar energy. The figure below shows the illustration
of the project. The solar energy is being generated at a place near to the consumer. In
this case, the residential electricity demand is considered as the electricity load

Figure 5: Project Illustration

| RESIDENTIAL!LOADJ

 AaE
S

| resipenTiAL(LOAD) |

—a288
— &8 8

I LOCALISED SOLAR GENERATION I
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4.2  Electrical Energy Usage

In this part of the report discuss the electrical energy usage for various types of houses
that are available in Malaysia. Based on the collection of the Tenaga Nasional Berhad
(TNB) electrical bill of six houses, total usage of electrical energy is being determined.
The electricity bills are attached at the Appendix B. The purpose of the action is to know

the average of electrical energy being consume for a month.

Table 1: Electrical Energy Consumption

Type of house Energy usage, kWh

Squatter 69
Flat 182
Terrace — one storey 263
Terrace — double storey 293
Semi detach — one storey 463
Semi detach — double storey 521

Total 1791

The average energy consumed is:
298.50 kWh
414,6W (in a month)

1 month

1 hour

This value is use as the reference value in the photovoltaic system. The electrical usage

of various types of houses is then being plotted in the graph as in Figure 6.

17
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Figure 6: Energy usage Vs Type of house graph

Based from the graph obtained, different type of house consume different amount of
electricity. The highest electricity consumption is from the semidetached-house and the
lowest is from the squatter house. Eventhough it has different amount of electricity
consumption, the main important part is to have clean sustainable electricity. If the

electricity is not stable, it may damage the electrical equipment of the households.
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4.3 Calculation

In this part, the calculation is done to determine the size of the load which is needed to
be sustained by the system, to calculate the battery size and to know the array sizing for

the system. All of the value obtained is used as the reference value in the simulation

using HOMER software.
4.3.1 Load calculation

Step 1:

The average energy consumed is: 298.50 kWh (in a month). Considering 20
houses in a residential area:

= 298.50 kWh x 20

= 6000kWh

The watt hours per week:
= 1500 kWh / Wk
The load is the summation of AC and DC loads.

Step 2:
Consider;
Inverter Loss 20%
Generator Contribution | 30%
The load is:

1260 kWh Weekly
180 kWh (15000 AH)  Daily
The sizing of the Photovoltaic components is based on this value. The system

voltage is 24V.Load value is divided by the system voltage to get the ampere-

hours.

19



4.3.2 Battery Sizing

In order to size the battery, have to consider number of expected cloudy of rainy
day in the area and percentage of system breakdown. It is estimated to have 2
days of the autonomy day and 50% of the system breakdown. Battery chosen for
the system is described in the Table 2[10].

Table2: Battery Specification

Type Trojan SCS225
Nominal voltage 12V
Nominal capacity 225 Ah

Required battery capacity for the system;
= 15000 AH x 2days

= 30000 AH / 50%

60000 AH

Arrangement of the battery;

Parallel: 60000 AH /225 AH =267
Series : 12V/12V =1
Total : 267 batteries

20



4.3.3 Photovoltaic Array sizing

Solar module chosen for the project is described in the table below:

Table3: Solar Module Specification

Voltage

34V

Current

44A

Considering sunshine hours in the area is 6 hours. This is the time the solar

module energize to convert solar energy to electricity. The amount array current

required for the system according to the load is given by:

Total daily AH / number of sunshine hours

= 15000 AH/ 6 hours
=2500 A

Arrangement of the solar modules;

Parallel: 2500A /44 A = 569
Series : 12V/34V =1
Total 569 modules
369 modules
‘ A
—
- R |
I module <
k .G.-llﬂ\‘-llﬂ

Figure 7: Solar Array for the Photovoltaic System
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4.3.4 Solar Modules Output

The method of calculating the solar modules output will consider the efficiency
of the modules and the solar radiation intensity at the location of study. In this
project, the area of the study is in Ipoh, Perak. Refer to the Appendix D for the
solar radiation data in Ipoh from the Jabatan Meteorologi Perak. Solar radiation

intensity is in the unit of (Wm™).

Efficiency is given by;
_ out.mu‘;l
input
output = n X input
Input : 800 Wm™ value of solar radiation intensity, refer
Appendix C
Efficiency : 15% according to the Solar panel specification, refer
Appendix D
Area : 1.3im*  according to the Solar panel specification, refer
Appendix D

The area or the size of the array required is:

output = n X input (4)
=045 X (%’f) X 1.31 m?

= 158 W per module
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The above value shows the output produce from each of the solar modules
depending on the solar radiation intensity at the location of study. In this project,
solar radiation intensity is 800 W/m”. Refer to Appendix C for solar radiation
data. In order to have higher output value, for the solar modules, efficiency of the
modules should be increase. The graph in the next section discusses the relation
of number of solar modules and the efficiency of the modules.

44  The Relationship of Efficiency and Number Of Modules

700
600
= 500 —e—Efficiency s
' i 400 ~@—Efficiency %
| = 300 e Efficiency 10%
~ b TR .
i .3 200 Efficiency 15%
‘ = Efficiency 20%
100
\ ~o—Efficiency 30%
J 0
) 2000 4000 6000 8000 10000 12000
Number of modules

Figure 8: The Relationship of Number of Modules and the Efficiency

Based on the graph above, it shows that, at the same amount of load the higher
efficiency of the photovoltaic module, the number of the modules is decreased. But as
the efficiency of the modules is increased, the cost of the system is also increased. The
project uses the photovoltaic with the efficiency of 15% which is described in the purple

line.
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45  Simulation : HOMER
At this stage, a simulation of the renewable energy system is performed using HOMER

software. There are few stages involves in the simulation.

4.5.1 Choosing equipment
The equipment to be used in the renewable energy system is chosen. In this
simulation the equipments are:

a) Generator

b) Load

¢) Converter

d) Photovoltaic modules

e) Batteries

Easrnto v

Other
@Sdumme Eocmmim
& Diesel 7] system contal

Figure 9: Equipment Used
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45.2 Load Details

Based on the calculated value of the load, the average value is taken to be the
reference for the simulation which is 208 kWh /day. The average load is then
being distributed for every hour. Refer to Figure 10.

Triwary Lot Irpuls
Ve tdh Help

Chooss a load type (AC or DC), enter 24 hourly values in the load table, and enter a scaled annual average. Each of the 24 values in the load table is the
mmmmmuuumm&u&mmhmmmmmuuﬁhm

M\luhm caloulstiors, HOMER uses data: baselne dala scaled up o down lo the scaled annual average value
Hold the poinie: over an element or chck Help for more information.
Label [ EEE Loadtyper & AC ©° DC Data souce: & Ender daly profefs]  Impor me seves dala fle |
| Bassie data
| Month Jauay v w |
Daytwe \Weekdy |
Hor  Loadiw) o] £
| moom 006 |3
0100-0200 1006 |
@00-0200 1006
(3000600 10045
OE00-0500 10045
0500-0600 10065 — .,

0600-0700 10045 B

vomn 06 gl I
o000 1006 =g [l
wwom % §ol
00-nw  S® o
B Feb Ve A

10001200 59 «|

dm

Ag  Bep Ot Wew Dwp A

Mgy

Random vanatly
Dapoday 0% Bassine  Scded  T—
Tmedeploimede] 0% Averge [Whd) 8 28 |
Average (kW) 868 867 Pt Eeat ‘
Poak (kW) 0 00 _Po. | Egot. | L
Scaled annual average (KwWh/d) 208 m Load Facks 8sd 0864 Heb J Pl “—UK ‘I|

Figure 10: Primary Load Inputs
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4.5.3 Components Details

The details of the component specified are being determined. The details
include the size, cost of installing replacement and operation and
maintenance. The component involves in this stage as describes in figures

below.

File (it Help

Choose a fuel. and enter at lsast one size, capital cost and operation and maintenance ) value in the Costs table.
Mote that the capital cost includes installation costs. and that the DM cost is in dollars per operating hour,
Enter a nonzer heat recovery ratio i heat will be d from this mmukim&
the optmal system. HOMER wil consider sach generator size in the Szes to Consider table.

Hold the pointar over an slement or click Help for more information.
Cort | Famd | Schedhie | Emisiore |

Crede Sizren to congicler
Size (kW] Capial (§] Replacement (§) OM ($/hr] = Size (kW)
800 800 1.850 0.000
20.000 1600 1600 1.850 10.000
25.000 2000 2000 1.850 'L| 20.000
o | 25.000
Propeties
Liescrgdam IG-mnlt- Twe & AC
Jra——— ] o
Litatirrs fixppmating howsy) 16000 ()
Wiriesrn ool atio (1) w L)

Figure 11: Generator Inputs

Cormnener Ingui> ————
File @da Help
A converter is for systems in which DC components serve an AC load of vice-verza. A converter can be an
inverter [DC to rectifier (AC to DC) or both,
Enter at lnast ons size and capital cost valus in the Costs table. Inciude all costs associated
and labor. At R seaiches for the optimal system. HOMER considers each converter capacity in the Sizes to
Consider table. Note that all reh o size of ity refer to inverter
Hold the pointer aver an slement or chick Help for mors information.
Costs Sizes to consider
Size Capital ($) | Replacement (§) OM ($/y) = Size (KW) 20994
400 400 40 0.000 1,500,
50.000 1000 1000 100 20.000 &
100.000 2000 2000 200 ~| 50.000 3‘-’"
| (8] | &y 100.000 500
Irverter inputs = °3 :‘a.;u'.gﬂp'u 199
Lifetime [peara) 15 _‘-LI — Caprad  — RggletmrraT
Efficiency (X) 80 {)
¥ Invere: can it iy with an AC
Rectifier inputs
Capacity relative to inverter (%) 100 ()
E fficiency (%] s () -
Hep | cCancel || oK |

Figure 12: Converter Inputs
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'Wlﬂfb b J
File it Help
’ Enter at least one size and capial cost vakue in the Costs table. Include al costs associated with the PV
(photovoltaic) system, inchuding modules, mounting hardware, and installation. As it searches for the optimal system,
HOMER considers each PV aray capacity in the Sizes to Consider table.
Note that by defau, HOMER sets the siope value equal to the lattude from the Solar Resource Inputs window.
Hold the pointer over an element or cick Help for more infomation
Costs Sizes to consider TR
Size (kW) Captal($) Replacoment($) O8M (8] &  See (kW)
[ 30000] 480000 0000 48000 wo ™
110000 586867 506667 58967 A0 By
120000 540001 B40001  BADOT & 110000
| g1 4 |6 120000 52’% /
Properties .' IR
oantcoms 1 5 Bl . o
Lieime jeas L1 —
Deraing factor %] 100 ()| Tiacking system |No Tracking B
Slope (degiees) 25 {}] ™ Consider ifect of tamperature
Azimuth (degroes WofS) | 0 L) ] 5 ()]
Goundofecarce(x) | 2 L) | I__I
| Ly
Hep | Cacel || 0K |

Figure 13: Photovoltaic Inputs
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4.5.4 Resource Details

There are two source involve in the system which are solar resource and
diesel for the generator. For solar resource input; the globalization radiation
is being generated from the software by entering the location of the system.
The location consist of the latitude and longitude of the area and as well as

the time zone. Figure below show the globalization radiation graph for

Malaysia, Latitude: 2° 30° Longitude 112° 30° [11].

bolw Respume Inpiris Sl

Fie Eda Help

| "B HOMER uses the solar resource inputs to caloulate the PV airay power for each hour of the year. Enter the latitude. and
either an average dally radiation value or an average clearness index for each month. HOMER uses the latitude vaiue to
the average daily radiation from the cleamess index and vice-versa.

Hold the pointer over an element ot click Help for more information.

Latiude | E- [ 30" & Noth © South  Timezone
Longhude [112° | 30" & Esst © wWew |(BMT+0B00)China, Mongoba, Bak. Perth =1

Data sousce: @ Enter monthly averages © Import time series data file Get Data Via Intemet
Bassine data

Cle Daily Radiatior = Global Horizontal Rashition )

Madh | e |- w2 3 3
January 0491 4811 L r
February 0.497 5078 4
March 0513 5374 ! J4 1 il | i
Agri 0.524 5403 f L
May 0516 5094 G ET R R R i ]
June 0518 4,965 | o i
July 0512 4952 o
August 0515 5184 L&
September 0.504 5213
DOctober 0514 5.257 - = o X
Movember 0,496 4882 oL
Datkibie 0504 4846 Dty Rpcistion Thewrrass Ingax
Average: 0,508 5.088 Pot. | Ewpot. |
Sceled annual average (kWhini/d) | 508 L} | Hep | Cancel [| DK

Figure 14: Source Resource Inputs

28




For diesel source input; the price of diesel price per litre is required. In
Malaysia diesel price per litre is RM 1.70 per litre which is equal to the
USD 0.48 Refer figure 15.
Diesel Inputs

File Edit Help

Enter the fuel price. The fuel properties can only be changed when creating
a new fuel (click New in the Generator Inputs or Boiler Inputs window).

Hold the pointer over an element name or click Help for more information.

Price ($/L) £}
™ Limit consumption to (L/yr) _|
Fuel properties
Lower heating value: 43.2 MJ/kg
Density: 820 kg/m3
Carbon content: 88 %
Sulfur content: 033 %

Hep | Cancel |[ ok |

Figure 15: Diesel Inputs
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4.5.5 Examine Simulation Result
Figure below show all the listed size of equipment that are possible to be
considered in the renewable energy system.

Sesrch Spwce
i This table displays the vahues of sach optimization variable. HOME Rl buids the seaich space. or set of al possible
vﬂ ations, fom this table and then simulates the configurations and sorts them by net present cost.
'ou and remove values in this table or in the Sizes to Consider table in the appropriate input window:.
Hold the pointer over an element name or click Help for more information.
PV Anay GEN | Battery Convetet i‘
W) W) (Quantiy) kW)
RIS - 0.00 7 0.00
2 90.000 10.00 270 20.00
3 110.000 20.00 280 50.00
4 120.000 25.00 100.00
5
&
7
8
9
10 -]
<< Hide Winning Sizes | Dverall winner Category winner Hep | Cancel |[ ok |
PV Anay GEN | Battery Converter
(kw) (kW) [Quaniity] kw)
1 0 o 67 0
2 %0 10 270 20
3 10 20 280 50
4 120 F.] 100

Figure 16: Possible Size of Equipments
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The figure shows the resultant of the simulation. The most suitable design for
each category is displayed.
—

Statur.  Completed in 18 secords.

Seredorty Perude Ovovazton e |

Tiudle pick on a eytiem beiow for pamdion sexul. & Tegored © v
lemmm biel | Opesirg | T ImﬁJhmm
W) | W) K| Gotd | (mt@h) Wl BkWifec. ) | fe)
&HeE W & 2 SW MM SSEED 0% IN BDE KT
GBEA B W & A FE BRI SUHI U 1B R W
B8R w X A SWAD AT SIBMAN LR 10

Figure 17: Simulation Result

Based on the simulation the most suitable design to be considered in the
renewable energy system with the determine load value is the system that

uses photovoltaic cell of 90kW, diesel generator of 10kW, 267 batteries and
converter of 20kW.
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4.6

Photovoltaic Sizing System
This is the system design using Visual basic 2008. Based on the load demand of

the system, the calculator can calculate the most feasible arrangement of the solar
modules and batteries of the distributed power generation. The user needs to
enter the specified parameter in order to yield the desired result. Figure below

show the designed system.

Welcome To:
Photovoltaic Sizing System
for Distributed Power Generation

By- Nooswaoe Agveen snd AP [k Badbir Singh (2008)

Figurel8: Photovoltaic Sizing System

Pleape erter the load value:

Select Location

Numrdser of sunshine hour in your ares:

Nurrher of especied miry / cloudy day in your srea:
Genentors cordribution (D - 50%)

Bettery Votage:
Preferzbile soler modules efficiency

[ Cakeutste  Cer |

By Noomnzya Azeen arcl AP Dir Balbir Singh (2009)

Figure19: Photovoltaic System Input
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o Results

C——

Load Details

Generator's Cordribution:

Photovolisic Module

Photovolteic Module Arangement:

Farafiel:

Qutput of each moduie:
Total number of modules:

sg.agIg1g1B1g1E
1

157.2 Wett
568.121812181218

Figure20: Photovoltaic System Output



CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In conclusion, renewable energy is an effective alternative to replace the finite sources in
electricity generation. This is due to the fact that finite energy sources such as petroleum
and natural gas will be depleted in the near future. The objectives of this project are
achieved by proposing renewable energy based distributed power generation by utilising
the use of solar energy. The distributed or localised power generation and distribution
system has been chosen as the most suitable method in the project. This type of
approach reduces the electricity transmission losses because electricity is generated near
to electricity consumer. Solar energy has been chosen as the main source of renewable
energy for the system due to the fact that Malaysia is located near to the equator line of
earth. The correct sizing of the photovoltaic system helps to increase the efficiency of
the system by providing the optimize design of the system. As the value of efficiency
increased, number of solar modules also increases. Simulation done using HOMER
provides in the most feasible and optimize design for the renewable energy based
distributed power generation. The designed software using Visual Basic 2008 results in
the most feasible solar panel arrangement for the renewable energy system. The
arrangement is based on the load demand of the system itself.
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5.2 Recommendation

The recommendation made for this project is by considering the use combination of
many renewable energy sources such as the solar energy, wind energy and geothermal
energy in the distributed power generation system. The can be considered as the green
energy. The system will reduce the pollution to the earth. The correct sizing of the
sources is required in order to have a clean and sustainable system. Further development
of the system will help to enhance the use of renewable energy efficiently in the

electricity generation. Figure below illustrates the system described:

Wind Farm
'va Tran smissian and Dishruhian !
|

{ Industrial

Figure 21: Combination Renewable Energy Sources
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Suggested Milestone for Second Semester of Final Year Project

Appendix A

—

o

—

—_—

No. Detail/ Week 0 2 (3[4
1 Simulation Designing
2 | Simulation : HOMER
Improvement and Testing The
3 | Model
4 | Submission of Progress Report -
5 | Seminar g
Lab Work Continues: Visual 8
6 | Basic 2008 ]
E
7 | System Development g
8 | Poster Exhibition
Submission of Dessertation
9 | (soft bound)
Submission of Interim Report
10 | Final Draft

11

Oral Presentation

B T1ask Completed
l:] Task Planned
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APPENDIX C
Solar Radiation Data for Ipoh, Perak
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Solar radiation value:
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APPENDIX D
Siemens SP150 Solar Panel Data Sheet

SIEMENS

SOlal' mOdUIe SP1 50 Preliminary

5 . X = 3= o - ¥ When il comes 10 reliable and environ

2 5 : f mentaliy-friendly generation of electri-

cal power from sunlight, soiar mod
ules from Siemens provide the perfect
solution. Manufactured in compliance
with the most stringen! quality stan-
dards, they are designed to withstand
the toughesl environmental condilions
and are characternized by their jong
service life

Siemens solar modules are covered
by a 25-year limited warranty on power
output — your guarantee of trouble-free
solar power generation

PowerMax"® technology

Siemens propriglary PowerMax®
technology optimizes the energy
production of individual cells and solar
modules for ail iypes of environmental
conditions PowerMax process
optimization includes a special
refining technique for ingots, a clean
room semiconductor grade production
process and a muilistage proprietary
TOPS™ (Texture Optimized Pyramidal
Surface) process. The TOPS process
incorporates the formation of textured
pyramids on the surface of the solar
cell. These pyramids sre then fraated
with special oxides 1o passivate the
surface. TOPS maximizes photon
absorption from direct and diffused
kght {typical under cloudy conditions)
This means that light absorption is
especially high, aven at low fight
levels. Sismens PowarMax® solar calis
deliver maximum energy throughout
the day

Solar module

Model SP150
Aated power 150 Watts
Limited warranty 25 Years

= Module voltage 24 volts

+ Single crystalline P

werhax ™

solar cells, textured for maximun

1 ratos
t design
and BIPFY

apphcations
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intslligent module design
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muring hokes for sasy estataton i | Spdbox {

- Modules may be wired together i seres or i 2
paaiel o Man aqured Dower wres I | : b. l.=’

* The module & supplied fom the factory in a ‘ Degree of
standand 24 voll configur atson

+ Modfed vansions of the solar module are also
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O 1T
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Siemens Solar GmbH Siemens Solar Industries Siemens Showa Solar Ple. Lid
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WAW SIEMENSSOolar a-mail ssspvi@solar
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APPENDIX E
Photovoltaic Sizing System Coding Using Visual Basic 2008

Form 1

Public Class Calculator

Private Sub Buttonl Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Buttonl.Click

Dim Resultload As Dcuble

Dim Resultgenerator As Double

Dim Resultpvparallel As Double

Dim Resultpvseries As Double

Dim Resultpvtotal As Double

Dim Resultpvoutput As Double

Dim Resultbatterytype As String

Dim Resultbatteryvoltage As Double
Dim Resultbatterycapacity As Double
Dim Resultbatteryparallel As Double
Dim Resultbatteryseries 2s Double
Dim Resultbatterytotal As Double
Dim batteryvoltagel As Double

Dim batteryvoltage2 As Double

Dim sunshinehour As Double

Dim moduleefficiency As Double

Dim totalloadvalue As Double

Dim location As Double

Dim generatorvalue As Double

Dim Form2 As New Form2

If combobat.SelectedIndex = 0 Then
Resultbatteryvoltage = 6

Elself combobat.SelectedIndex = 1 Then
Resultbatteryvoltage = 12

ElseIf combobat.SelectedIndex = 2 Then
Resultbatteryvoltage = 24

End If

I1f combobat.SelectedIndex = 0 Then
batteryvoltagel = 360

Elself combobat.SelectedIndex = 1 Then
batteryvoltagel = 225

Elself combobat.SelectedIndex = 2 Then
batteryvoltagel = 120

End If

If combobat.SelectedIndex = 0 Then
batteryvoltage2 = 6

Elself combobat.SelectedIndex = 1 Then
batteryvoltage2 = 12

Elself combobat.SelectedIndex = 2 Then
batteryvoltage2 = 24

End If

JlToatieryseries = | batteryvoltage
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If combosunshine.SelectedIndex = 0 Then

sunshinehour = 5

Elself combosunshine.SelectedIndex = 1 Then
sunshinehour = 6

Elself combosunshine.SelectedIndex = 2 Then
sunshinehour = 7

Elself combosunshine.SelectedIndex = 3 Then
sunshinehour = 8

Elself combosunshine.SelectedIndex = 4 Then
sunshinehour = 9

Elself combosunshine.SelectedIndex = 5 Then
sunshinehour = 10

End If

totalloadvalue = 1.2 * (Val(txtloadenter.Text))

generatorvalue = totalloadvalue - (((Val(txtgenenetor.Text)) / 100) *
totalloadvalue)

Resultpvparallel = ((generatorvalue / 84) / sunshinehour) / 4.4

Resultpvseries = 1

Resultpvtotal = Resultpvparallel * Resultpvseries

1f comboeffciency.SelectedIndex = 0 Then
moduleefficiency = 0.05

Elself comboeffciency.SelectedIndex = 1 Then
moduleefficiency = 0.1

Elself comboeffciency.SelectedIndex = 2 Then
moduleefficiency = 0.15

Elself comboeffciency.SelectedIndex = 3 Then
moduleefficiency = 0.2

End If

1f combolocation.SelectedIndex = 0 Then
location = 800

Elself combolocation.SelectedIndex = 1 Then
location = 810

Elself combolocation.SelectedIndex = 2 Then
location = B20

Elself combolocation.SelectedIndex = 3 Then
location = B30

Elself combolocation.SelectedIndex = 4 Then
location = B40

End If
Resultpvoutput = 1.31 * moduleefficiency * location

If combobat.SelectedIndex = 0 Then
Resultbatterytype = “Trojan LPIE"
Elself combobat.SelectedIndex = 1 Then
Resultbatterytype = "Trojan =2C8 225"
Elself combobat.SelectedIndex = 2 Then
Resultbatterytype = "Trojan Lpl2"
End If

IT combobat.SelectedIndex = 0 Then
Resultbatterycapacity = 360

Elself combobat.SelectedIndex = 1 Then
Resultbatterycapacity = 225

Elself combobat.SelectedIndex = 2 Then
Resultbatterycapacity = 120

End If
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Resultbatteryseries = 12 / batteryvoltage2

Resultbatteryparallel = ({(generatorvalue / 84) * (Val(txtrainy.Text))) / 0.5)
/ Resultbatterycapacity

Resultbatterytotal = Resultbatteryparallel * Resultbatteryseries

Resultload = (Val (txtloadenter.Text))
Resultgenerator = (Val (txtgenenetor.Text))

Form2.Show ()

Form2.txtload.Text = Resultload
Form2.txtgen.Text = Resultgenerator
FormZ.txtpvparallel.Text = Resultpvparallel
Form2.txtpvseries.Text = Resultpvseries
Form2.txtpvtotal,Text = Resultpvtotal
Form2.txtpvop.Text = Resultpvoutput
Form2.txtbattype.Text = Resultbatterytype
Form?2.txtbatvoltage.Text = Resultbatteryvoltage
Form2.txtbatcapa.Text = Resultbatterycapacity
Form2.txtbatparallel.Text = Resultbatteryparallel
Form2.txtbatseries.Text = Resultbatteryseries
Form2.txtbattotal.Text = Resultbatterytotal

End Sub

Private Sub Label5 Click(ByVal sender As System.Cbject, ByVal e As
System.EventArgs) Handles Label5.Click

End Sub

Private Sub Button3 _Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button3.Click
Me.Close ()
End Sub

Private Sub Calculator Load(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles MyBase.Load

End Sub

Private Sub Button2 Click(Byval sender As System.Object, ByVal e As

System.EventArgs) Handles Button2.Click

txtloadenter.Text = ""

combolocation.SelectedIndex = -1

combosunshine.SelectedIndex = -1

txtrainy.Text = ""

txtgenenetor.Text =

combobat.SelectedIndex = -1

comboeffciency.SelectedIndex = -1

nw

End Sub
End Class
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Form 2

Public Class Form2

Private Sub PictureBoxl Click(ByVal sender As System.Object, ByVal e As
System.EventArgs)

End Sub

Private Sub GroupBox2 Enter (ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles GroupBox2.Enter

End Sub

Private 2ub TextBoxl0_TextChanged(ByvVal sender As System.Object, ByVal e As
System.EventArgs) Handles txtbatparallel.TextChanged

End Sub

Private Sub TextBox6 TextChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles txtpvtotal.TextChanged

End Sub

Private Sub Labell2 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs)

End Sub

Private Sub TextBox8 TextChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles txtbatvoltage.TextChanged

End Sub

Private Sub TextBox9 TextChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles txtbatcapa.TextChanged

End Sub

Private Sub Button2 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button2.Click
Me.Close ()
End Sub
End Class
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Form 3

Public Class Form3

Private Sub Button2 Click(ByVal sender As System.Object, ByVal e 2s
System.EventArgs) Handles Button2.Click
Me.Close ()
End Sub

Private Sub Buttonl Click(ByVal sender As System.Object, ByVal e &s
System.EventArgs) Handles Buttonl.Click
'Dim Forml As New Form
‘Forml.Show()
End Sub
End Class
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Resultbatteryseries = 12 / batteryvoltage?

Resultbatteryparallel = (({generatorvalue / 84) * (Val{txtrainy.Text}}) / 0.5}
/ Resultbatterycapacity

Resultbatterytotal = Resultbatteryparallel * Resultbatteryseries

Resultload = (Val (txtloadenter.Text))
Resultgenerator = (Val{txtgenenetor.Text))

Form2 . Show ()

FormZ.txtload,Text = Resultload
Form2.txtgen.Text = Resuitgenerator
Form?.txtpvparallel.Text = Resultpvparallel
Forml.txtpvseries.Text =~ Resultpvseries
Form2.txtpvtotal.Text = Resultpvtotal
Form2.txtpvop.Text = Resultpvoutput
FormZ.txtbattype.Text = Resultbattervytype
FormZ.txtbatvoliage.Text = Resultbatteryveoltage
FormZ.txtbatcapa.Text = Resultbatterycapacity
FormZ,txtbatparallel.Text = Resultbatteryparallel
FormZ,txtbatseries.Text = Resultbatteryseries
Form2,txtbattotal.Text = Resultbatterytotal

End Sub

Private Sub Labeld Click(ByvVal sender As System.Object, ByVal e As
System.EventArgs) Handles Label5’.Click

End Sub

Private Sub Button3_Click({ByVal sender As System.Obiect, ByVal e As
System.FventArgs) Handles Button3.Click
Me.Closel()
End Sub

Private Sub Caicuiator_Load{ByVal sender A8 System.object, Byval e As
System.EBventArgs) Handles MyBase,Load

End Sub

Private Sub Button2 Click(ByVal sender As System.Object, ByVal e As
System.BEventArgs) Handles Button2,.Click

txtloadenter.Text = ""
combolocation,SelectedIndex = -1
combosunshine.SelectedIndex = -1
txtrainy.Text = "
txtgenenetor.Text = "

combebat . SelectedIndex = -1
comboeffciency.SelectedIndex = -1

End Sub
End Class
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Form 2

Public Class Form2

Private Sub PictureBexl Click{ByVal sender As System.Object, ByVal e As
system,EventArgs)

End Sub

Private Sub GroupBox2 Enter(ByVal sender As System.Object, ByVal e As
System.EventArgs} Handles GroupBox2.Enter

End Sub

Private Sub TextBox1l(_TextChanged(ByVal sender As System.Object, ByvVal e As
System.EventArgs) Handles txtbatparallel.TextChanged

End Sub

Private Sub TextBox6_ TextChanged (ByVal sender As System.Object, ByVal e As
System,EventArgs) Handles txtpvtotal.TextChanged

End Sub

Private Sub Labell2 Click(ByVal sender As System.Object, ByVal e As
System. EventArgs)

End Sub

Private Sub TextBoxB_TaxtChanged(ByVal sender As System.Cbject, ByVal e As
System.EventArys) Handles txtbatvoltage.TextChanged

End Sub

Private Sub TextBoxS_TextChanged{ByVal sender As System.Object, ByVal e As
System,EventArgs) Handles txtbatcapa.TextChanged

End Sub

Private Sub Button2 Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles Button2.Click
Me.Close ()
End Sub
End Class
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Form 3

Public Class ¥Form3

Private Sub Button2 Click(ByVal sender As System.Cbject, ByVal e As
System.EventArgs) Handles Button2.Click
Me.Close ()
Fnd Sub

Private Sub Buttoml Click({ByVal sender As System.Cbject, ByVal e As.
3ystem,.EventArgs) Handles Buttonl.Click
"Dim FPorml As New Form
"Forml, 3how )
End Sub
End Class
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