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ABSTRACT

Nowadays, renewable energy sources are becoming important in contributing to the
electricity generation to reduce dependency on fossil fuels that are predicted to
deplete soon. Besides, the world’s energy demand is growing rapidly from year to
year. Implementation of renewable energy system could solve this problem. In
addition, a lot of benefits can be obtained by the country especially in the effort to
reduce carbon dioxide emission from non-renewable energy resources such as coal
and fossil fuels. Malaysia is one of the potential countries that can make use of
renewable energy sources for electricity generation. This is because this country
receives abundance of renewable energy such as solar, wind, water and others. This
project intends to look into the possibility of implementation of renewable energy
based electricity generating system in Malaysia and also the implementation
strategies. This paper highlights the analysis of resource data, electricity production,
techno-economic, land area and software development. Three types of system were
compared in this study which is hybrid solar-wind with generator system, solar with
generator system, and hybrid solar-wind system. Eventually, the project was

successfully done.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Nowadays, renewable energy has become popular all over the world. According to
the 10th Malaysia Plan, in order to meet the growing energy demand, Malaysia has
to make use of renewable energy for electricity generation [1].
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Figure 1 : Electricity generation fuel mix in Malaysia, 1990-2003 [2]

Thermal generation and hydro generation are the main sectors that supply electricity
in Malaysia. Figure 1 shows the electricity generation fuel mix in Malaysia from
1990 to 2003 [2]. As can be seen from the year 1990 to 2003, the electricity
generation is highly depending on crude oil and natural gas which are non-renewable
resources. The demand toward these energy resources keep on increasing throughout

the years. Thus, as an effort to the contribution of the electricity generation based on



renewable energy, Ministry of Energy, Green Technology and Water introduced
SREP. The purpose of this program is to encourage the development of new source
of renewable energy such as hydro, solar, wind, biomass and biogas [3]. There are
three principles identified to develop energy sector; having high efficient, cost-
effective energy supplies and minimizing negative impacts on energy production.
Government changed the Four-Fuel Policy to Five-Fuel Policy by adding the
renewable energy as the fifth fuel in May 2001. Approximately 5% of electricity will
be provided by the renewable energy as targeted in this new policy [4].

In this project, author will be focusing on a feasibility study of implementing hybrid
renewable solar-wind electricity generator since there are various important aspects
regarding the engineering of this project that need to be considered. This is very
important since the decision whether to implement a renewable energy plant or not
should be based on this feasibility study [5].

1.2 Problem Statement

Malaysia is one of the potential countries that can make use of renewable energy
sources to generate electricity. In order to implement a renewable energy system,
feasibility study need to be carried out. This study will attempt to cover the aspects
that might affect the amount of electricity generated by the renewable plant in the
future. One of the main factors that affect the electricity generation is weather pattern
of the specific plant location. A study on the average of wind speed and solar
radiation of the location needs to be done since it will affect the sustainability of the
plant. Furthermore, to obtain optimum electricity generation, a proper plant sizing is
required. So, basically this feasibility study is done to ensure the plant to be
implemented having high efficient, cost-effective and minimizing the negative

impacts to meet the load demand.

1.3 Objectives

The objectives of this project are:

e To carry out a feasibility study on the potential of implementing renewable
energy based hybrid solar-wind power plant in Malaysia
e To establish the implementation strategies for the hybrid wind-solar electricity

generating system.



1.4 Scope of Study

The scope of this project can be divided into three major categories which are wind
speed and solar radiation data, projection of load demand and comparison with the
existing power plant. For the first element which is wind speed and solar radiation
data, the author collected wind speed and solar radiation data in UTP. A research on
the average of solar radiation and wind speed rate at the selected plant area will be
conducted. Once the data is available, author did an analysis how these elements will

affect the electricity sustainability of the plant.

Moving to the next element, author did load demand analysis. There is a relationship
between load demand and system sizing. Appropriate system sizing is needed to
make sure adequate power supply to the loads. For the last part, author will do a
comparison between one of the existing power plants which is Segari Lumut Power
Plant, located in Perak and a proposed hybrid renewable solar-wind electricity

generator.

1.5 The Relevancy of Study

This project basically stresses more on Energy & Power discipline. Previously,
author had been exposed to the subjects that related to Energy & Power such as
Electrical Energy System and Electrical Machine. Thus, this early exposure can help

the author to complete the project.

1.6 Feasibility of the Project within the Scope and Time Frame

The scope of the project is feasible to be done within the time frame given. In Final
Year Project 2, students should be able to complete the whole project activities.

Thus, the time frame given should be sufficient to complete the whole project.



CHAPTER 2

LITERATURE REVIEW

2.1 Solar Distribution Analysis

Basically there are several researches related to solar radiation distribution in

Malaysia. Solar radiation data need to be collected in order to calculate the land area
required for the implementation of solar panel.

Figure 2 below shows the distribution of solar radiation of few towns in Malaysia
that been done by [6]. According to the research, Malaysia receives average
approximately 16.86MJm of solar radiation per day. From 1989 to 2009 there is no

trend that the solar radiations will changes in Malaysia except for Kuala Terengganu
and Senai [6].
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Figure 2 : Solar radiation of few towns in Malaysia [6]



Table 1 : Average of solar radiation in Malaysia

Alor Setar 18.40
Bayan Lepas 17.70
Chuping 17.90
Ipoh 17.60
Kota Bharu 18.00
Kota Kinabalu 17.80
Kuala Terengganu 16.90
Kuantan 16.00
Kuching 15.10
Labuan 17.30
Melaka 16.80
Mersing 16.00
Senai 14.60
Subang 15.90
Average 16.86
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Figure 3 : Average of solar radiation of few towns in Malaysia
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In average Malaysia receives 4682.5 Whm? per day. Based on his research
approximately 73,000 m? of land area is required to generate every 1 MW of
electricity in Malaysia [6]. The photovoltaic sizing is highly depending on power
required from the system. The size of solar panel is depending on solar energy and
load demand of the location. Hence, to solve this problem, there is a need to
minimize energy consumption by using the most efficient equipment and design this
solar power system around the energy-efficient system [7].

2.2 Wind Distribution Analysis

The average annual wind speeds in Malaysia is approximately 1.8 ms™. The
strongest wind speed locations are at Mersing, Kuala Terengganu and Kota Baharu.
All the locations show similar trend which have strongest wind speed during early
and late of the year except for Kota Kinabalu, Kuching, Subang and Serdang. This is

depending on the land condition of the specific locations [6].
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Figure 4 : Wind speed distribution of few towns in Malaysia [6]



Table 2 : Average of wind speed in Malaysia

Alor Setar 1.48
Bayan Lepas 1.79
Chuping 1.42
Ipoh 1.33
Kota Bharu 2.28
Kota Kinabalu 2.02
Kuala Terengganu 2.87
Kuantan 1.90
Kuching 1.20
Labuan 2.25
Melaka 1.62
Mersing 2.87
Senai 1.37
Subang 1.53
Average 1.85
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Figure 5 : Average of wind speed of few towns in Malaysia




According to this research the land area required to implement windmill generator is
18,977 km? to meet 10 % of the demand of electricity in Malaysia by 2020 which is
expected to reach 124,677 GWh. This is based on few assumptions, the wind turbine
has diameter of 25m, air density is 1.3kgm™, the windmill efficiency is 50% and
average wind speed is equal to 3ms™. Thus, a single windmill is expected to generate
4309 W [6].

From this result, we can say that the implementation area that required for windmill
in Malaysia is quiet large. In order to reduce this amount, we need to improve the
wind output. There are three ways of improving the wind output. Firstly is by
increasing the wind speed. This can be done by finding the better site or use taller
tower. Seconds is by increasing the swept area of the rotor. As for this case, a wind
turbine with larger rotor diameter can be used. For the last one, improve the wind
turbine conversion efficiency which is by using different wind turbine with better

efficiency [8].

2.3 Existing Power Plants
2.3.1 Lumut Power Plant

LPP uses the CCGT and is owned by SEV Sdn Bhd. This power plant is located at
district of Manjung in Lumut, Perak. The base area of the plant is approximately 80
acre site which was previously an old tin mining land. Lumut combine cycle power
plant is designed to produce the net output capacity approximately 1,300 MW power
generations. It is the biggest gas fired power plant in Malaysia [9]. LPP is designed
with the latest technology to reduce emissions and effluents below the good level
requirement. Generally, this plant is consisting of two identical 650MW blocks. Each
block comes with three 143MW gas turbines, three heat recovery steam generators,

and one condensing steam turbine generator unit [9].



2.3.2 Arnedo Solar Power Plant

Figure 6 : Arnedo Solar Power Plant [10].

Arnado Solar Plant is located in Spain. This plant basically produces about 34 GWh
every year which harvested about 70 hectares of land to locate 172,000 of solar
panels. This plant produced approximately 94.44 MWh each day. This project was
using solar panel which rated 200 W each. The cost to implement this project is
extremely high which is around RM 720 million in Malaysia Ringgit. However this
plant can power 12,000 households and can prevent 375,000 tonnes of carbon

dioxide emission [10].
2.3.3 Alta Wind Farm

Figure 7 shows Alta Wind Farm that is located in California. It is the largest wind
farm in the world. The rated capacity of this plant is 1,020 MW. Roughly this plant
produced 2,680.6 GWh each year. More than 52 million metric tonnes of carbon
dioxide emission are reduces which is equivalent to 446,000 numbers of cars on the

road. The total land area required by this farm is 3,642 hectares [11].



Figure 7 : Alta Wind Farm [11]

2.3.4 Comparison between renewable energy system with existing power plants.

Table 3 shows the comparison of Lumut Power Plant with Arnedo Solar Power Plant
and Alta Wind Farm. As can be seen from the table, Lumut Power Plant has highest
plant capacity which is 1,300 MW. Alta Wind Farm recorded 1020 MW plant
capacity, then followed by Arnedo Solar Power Plant which is 17 MW. Thus, the
highest annual production also will be Lumut Power Plant followed by Alta Wind
Farm and Arnedo Solar Power Plant. In term of total land area, Alta Wind Farm
harvested the largest area which is 3,642 hectares. Then, it is followed by Arnedo
Power Plant and Lumut Power Plant. Moving to the last element of the comparison,
we will look into reduction of carbon dioxide of each plant. Alta Wind Farm can
reduce approximately 52 million tonnes of carbon dioxide and then followed by

Arnedo Power Plant which is 375,000 tonnes of carbon dioxide.

Table 3 : Plant Comparison [9] [10] [11].

Plant Arnedo Solar Alta Wind Lumut
Power Plant Farm Power
Plant
Capacity (MW) 17 1020 1,300
Annual Production 34 2680.6 11,388
(GWh)
Total Land Area 70 3,642 32
(hectares)
CO2 Reduction 375,000 52,000,000 Not
Emission tonnes tonnes Available

10




2.4 Future of Hybrid Power Plant in Malaysia

The sustainability of renewable energy power plant can be achieved if the system
depends on more than one renewable energy sources. Hybridization of solar energy
and wind energy is one of the examples of hybrid renewable energy system that
suitable to be implemented in Malaysia. This is because wind speed in Malaysia is
higher during early and late in the year and coastal area especially in East Peninsular
Malaysia and East Malaysia will give high wind speed rate. The amount of solar
radiation that available in Malaysia is abundance. However, this solar radiation is
only available at daytime. Hence, hybrid renewable based electricity generating
system is the best solution to provide sustainability of electricity generation in
Malaysia [6].

Figure 8 : Hybrid Solar Wind System
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2.5 Current electricity tariff in Malaysia

Figure 9 shows the electricity tariff for domestic used in Malaysia. This table is
provided by [12].

TARIFF CATEGORY UNIT RATES
1. Tariff A - Domestic Tariff

For the first 200 kwh (1 - 200 kWh) per month sen/kWh 21.8
For the next 100 kwh (201 - 300 kwh) per sen/kWh 33.4
month

For the next 100 kWh (301 - 400 kWh) per sen/kWh 40.0
month

For the first 100kWh (401 - 500 kwh) per month sen/kWh 40.2
For the next 100 kwh (501 - 600 kwh) per sen/kWh 41.6
month

For the next 100 kwh (601 - 700 kwWh) per sen/kWh 42.6
month

For the next 100 kWh (701 - 800 kWh) per sen/kWh 43.7
month

For the next 100 kwh (801 - 900 kwh) per sen/kWh 45.3
month

For the next kwh (901 kWh onwards) per month sen/kWh 45.4
The minimum monthly charge is RM3.00

Figure 9: Electricity Tariff for Domestic use in Malaysia
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Resources Data Collection

Earlier, the data for solar radiation and wind speed were taken around UTP. They are
several readings were taken to get more accurate representation of the resources at
that location. Anemometer and solarimeter were used to take the reading of wind
speed and solar radiation respectively. Based on these data, it proved that the solar
radiation and wind speed at UTP is not constant throughout the day. Solar radiation
is only available during daytime and not available at night-time. While wind speed is
available at any time but not stable throughout the day. However, these two resources

can be combined in order to produce sustainable electricity generation.
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Figure 10 : Solar Radiation taken in UTP
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Figure 11 : Wind Speed Data taken in UTP

3.2 System Optimization Using HOMER Software

HOMER is energy modeling software that being used in this project to identify the
most optimizes system for renewable energy based electricity generating system in
this project through a process called techno-economic analysis. Firstly, author will
identify the system architectures to be considered in the system. Then, the software
will run several simulations to identify the most optimize system to be implemented
by considering all factors that were specified by the user such as the solar radiation,

wind speed distribution and load demand of specific location.

In this system a warning will be indicated if the system architecture specify by the
user is not feasible at all and the user will need to modify the design by increasing or
decreasing the size of photovoltaic to be considered, size of generator and number of

wind turbines.

3.2.1 Load Demand

According to [13], the average for a household electricity use in Malaysia is 251
kWh per month. For this study, from Figure 10 the plant to be built can supply
average load demand of 28,950 kWh per day which is equivalent to 868,500 kWh
per month. Therefore, this plant can power up approximately 3460 unit of houses at
one time. Currently, in Bandar Universiti, Seri Iskandar they are 2000 unit of houses
as stated in [14]. Thus, the plant model to be built in this study satisfy the load

demand that required by the houses in Bandar Universiti and even more than that.

14
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Figure 12 : Load Demand Estimation

3.2.2 Solar Resource

The solar radiation data were taken from [12] to estimate the data in Tronoh, Perak.
The data are more reliable since they were predicted for one complete year from
January to December. The average of solar radiation received by Tronoh is 5.506
kWhmday™. The highest amount of solar radiation recorded is 6.042 kWhmday™
on February. The lowest amount of solar radiation is recorded on December which is
around 4.825 kWhmday™.
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Figure 13 : Daily solar radiation data
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3.2.3 Wind Resource

Similar with solar radiation, the wind speed distribution also were taken for one year
from January to December in Tronoh. The highest wind speed is recorded in
December which is 4.050 ms™. The average of wind speed in Tronoh is 2.891 ms™
[12].

Bazeline data

Month “Wind Speed 5 Wind Resource
[rnz] _

January 3920 £ 4
February 3320 ﬁ 3
karch 2.820 2.
= callnnnninl
kay 2120 51
June 2680 o
July 2720 Jan Feb Mar Apr May  Jun Jul Aug Sep Ot Mow Dec
August 2.330 Other parameters Advanced parameters
September 2520 Time ztep [minutes) liEED “wieibull k ,72
Octaber 2430

Movember 2940 Altitude [ abowve zea level) a 1-hr autocorrelation factor 0.85
December 4,050 Anemometer height [m) 10 Diurnal pattern strength 0.258
Annual average:  2.891 Wariation Wwith Height... | Hour of peak. windspeed 15

Scaled annual average [me's] o {2} | Plat... Expart. .. |

Figure 14 : Daily wind speed data

3.2.4 System Specifications

In this project there are three different system configurations to be considered which
are hybrid wind-solar with generator system, solar with generator and hybrid wind-
solar system. For this section, the author will only be focusing on main components
of the system which are generator, PV array, wind turbine and battery used for this

project.

e Generator

The generator in this project is treated as the existing system for the plant. The
generator utilized diesel fuel to generate electricity. All the system used generator
as a backup supply except for the last design configuration that only used wind
turbine and PV array to generate electricity. The generator is set to operate during
night and force off during daytime where the system was expected to depend on

other sources during that time.

e PVarray
300 W solar panel power rating is selected in this feasibility study. Thus, to

calculate the quantity of solar panel required is:
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Size of Solar Panel Array(W)
Solar Panel Power Rating(W) ™~

Number of solar panel required =

ey

Wind Turbine

The type of wind turbine system selected in this project is Vestas V82. This is
because it has highest wind turbine capacity that is available in market nowadays.
The power rating of the wind turbine is 1.65 MW. The justification of choosing
high capacity of wind turbine is because it can capture more energy from wind
without need of implementing high number of wind turbine. One more reason of
choosing this wind turbine is because it is optimize for low to medium winds
which is suitable for wind speed condition in Malaysia which is in low to medium
range. The rotor diameter for this wind turbine is 82 m and the hub heights that
can be considered are 50 m, 70 m, and 80 m according to the manufacturer
recommendation. The height that is chosen is 50 m because, at this height, the

wind turbine can generate optimize system according to HOMER software.
Battery

The type of battery used in this project is Trojan L16P. This battery has maximum
capacity of 391 Ah with 10 years float life.

3.2.5 System Architecture

In this project, author has come out with three system models that are feasible to be

implemented in Tronoh. They are hybrid wind-solar with generator system, hybrid

solar with generator system and hybrid wind-solar system. These systems will be

further discussed clearly as follow:

Hybrid wind-solar with generator system

As can be seen from the Figure 15, the equipment to be considered for this system
are 2 wind turbine Vestas V82 that directly supply AC power to the primary load,
3 MW PV array that produce DC power, a generator with 1.5 MW capacity, 4,000
units of Trojan L16P Battery, and a converter with 3 MW capacity. The power

produced by the wind turbine and generator can be directly supplied to primary
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load since they will produce AC power. However the power produced from PV

array has to be converted to AC power in order to be supplied to primary load.

Table 4 : System architecture 1

Equipment Size Quantity
PV Array 3 MW 10,000
Wind turbine (Vestas V82) 1.65 MW 2
Generator 1 1.50 MW 1
Battery (Trojan L16P) 0.00216 MWh 4,000
Inverter 3 MW 1
Rectifier 3 MW 1
Dispatch strategy Cycle Charging
E quipment to congider
Ato| fe—a]
Westaz WE2 Prirmary Load 1 P
29 Mwhid
2 M peak
e Bl a|
Generator 1 Converter L1EP
AC DC
Resources Other
ﬂ Solar Resource @ E conomics
ﬁ Wind Resource ﬂ Syztem Cantrol
M Diezel ﬂ E mizsions
@ Constraints

Figure 15 : Hybrid wind-solar with generator system

Hybrid solar with generator

For system in Figure 16, wind turbine is not considered in this system. Thus, the
primary load only consumes the power produced from generator and PV arrays.
The generator power rating is 1.5 MW while the PV array size is 3 MW. The
battery used for this system is same as previous one which is Trojan L16P battery

which is about 4,000 units. The converter used is 4 MW capacities.
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Table 5 : System architecture 2

Equipment Size Quantity
PV Array 3 MW 10,000
Generator 1 1.5 MW 1
Battery (Trojan L16P) 0.00216 MWh 4000
Inverter 4 MW 1
Rectifier 4 MW 1
Dispatch strategy Cycle charging
Equipment to consider
4 el e
Westas WEZ Frimary Load 1 P
29 bwihAd
2 W peal
Generator 1 Corverter L1EF
AC DC
Resources Other
E Solar Resource @ Economics
J Wind Resource ﬂ System Control
ﬂ Diesel ﬂ Emissions
ﬂ Constraints

Figure 16 : Hybrid solar with generator system

Hybrid wind-solar renewable energy system

The system in Figure 17 is designed to be completely depended on renewable
energy sources only which are wind and solar energy. Thus, the size of PV array
is bigger from the previous case which is 4.2 MW to capture more energy from
solar radiation. The number of wind turbine used also higher which are 4 units.
Without generator, the system will need to increase the capacity of each
components of the system in order to sustain the electricity supply. The number of

battery used about 21,000 units. The capacity of converter is 5 MW.
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Table 6 : System architecture 3

Equipment Size Quantity
PV Array 4.2 MW 14,000
Wind Turbine (Vestas V82) 1.65 MW 4
Battery (Trojan L16P) 0.00216 MWh 21,000
Inverter 5 MW 1
Rectifier 5 MW 1
Equipment to conzider
9| e
Westaz Wa2 Prirnary Load 1 P
29 hwh.d
2 M peak
& fe
Generator 1 Converter L1EF
AC DC
Resources Other
ﬂ Solar Rezource @ Economics
ﬁ Wwind Rezource ﬂ Syztem Control
M Diesel ﬂ Emizsions
@ Constraints

Figure 17 : Hybrid wind-solar renewable energy system

3.2.6 Software Develo

The output parameters from HOMER software are treated as the input for this
software that was developed to further identify the final parameters for the system
which is the land area required to be harvested for the hybrid renewable energy plant.
Author used Visual Basic Express 2010 to develop the new software. The structure
for the software will be developed by taking into account the resources data for wind
speed and solar radiation and also the load demand data. The other main component

that will take into consideration in this early phase of software development can be

seen in Figure 19.

To identify the land area required for the system, author would take consideration of

the space for wind turbines, solar panel, generator and some space for battery,

pment

converter and also the access route for maintenance purpose.
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Solar Panel

The land area would be depended on how many solar panels will be used and the
size of each solar panel. Proper engineering studies should be done in term of how
the solar panels should be arranged in order to optimally make use of the land area
that available.

Land Area Required
= Area of each solar panel (m?) x Number of Solar Panel ...(2)

Wind Turbine

Essentially, windmills should not be placed closely to one another. This is because;
placing them too near to each other will reduce the performances of the windmills.
However, if they are to be placed far from one another will cause wastes of land
area. The energy losses can be minimized by ensuring strategic placement and
arrangement of the wind turbines in a farm. It is known as farm layout planning.
Figure 18 shows one of the wind farm layouts that had been developed. The wind
turbines are arranged in rows and columns. Wind turbine should be placed at least

5 times of its diameter to ensure optimize power generation [13].

-

133333
Ig

=

Figure 18 : Optimize Layout Design for Windmills [13]
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Figure 19 below shows the flow to implement renewable energy solar-wind power
plant.

Energr Damand Data

¢

Generstion Eatio

¥
Solar Eadiation Data
¥
¥ Wind Spead Data
sun Hour
¥
¥ (renerator Rating

Size of Solar Panel

¥ Length of BElade
Solar Panel Eating
¥
¥ Mumber of Windmills
Mumber of Solar Panel

Dasien Specification [

Implamentation

Figure 19: The flow to implement renewable energy system
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3.3 Project work flow

The diagram below shows the project work flow throughout 28 weeks.

Objectives
- To carry out a feasibility study to implement renewable
energy based power plant in Malaysia
- Software development for optimize renewable energy

system
Literature Review

[ Information from various sources were reviewed as

references for the project implementation

ay!

Data Collection }

- Data of solar radiation and wind speed distribution were
taken in several places around UTP

1L

Project Strategy
Gather the solar radiation data and wind speed data
Load demand data is estimated
Using HOMER software to design optimize renewable
energy system.

)

1y

Data Analysis
- Comparing the result obtained from the software
- The result will be analysed carefully

1yt

Report compilation
- The whole project will be compiled for report submission
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3.4 Project Gantt Chart & Key Milestones

Table 7 : Gantt Chart for FYP1

': Detail/week 6 |7 81910 |11 | 12 | 13 | 14 | 15
1 | Topic Selection
Preliminary Research
2 | Work & Literature
Review
3 Submission of Extended N
Proposal Defense
4 Preparation for Oral
Proposal Defense
5 Oral Proposal Defense N
Presentation
6 Detailed Literature
Review
7 | Interim Report Progress
8 Submission of Interim J
Draft Report
9 Submission of Interim J
Final Report
Table 8 : Gantt Chart for FYP 2
N Detail/week 6|7 | [8|9]10|11|12]|13]| 14|15
Project Work Continue
2 Submission Progress N
Report
3 | Project Work Continue
4 | Pre-SEDEX v
5 Submission of Draft N
Report
Submission of
6 | Dissertation (soft v
bound)
7 Submission of Technical N
Paper
8 | Oral Presentation v
Submission of Project
9 | Dissertation (hard \
bound)
\ Suggested milestone Mid-semester break Work progress
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 System Simulation

In this chapter, author will discuss regarding the result from HOMER software
simulation in term of electrical production and economic analysis for the systems.
This is important because a feasible optimize hybrid system will highly depend on
electrical production of the power plant and the economic aspect.

4.1.1 Electrical Production
e Hybrid wind-solar with generator

As can be seen from Table 9, the largest electricity is contributed by PV arrays
which contribute about 46% of power. It is followed by generator which recorded
39% and the smallest contribution is from wind turbine which is about 14%. As
can be seen in Figure 20, the electricity generation ratio is different according to
the weather from January to December. The power produced from wind turbine is
lowest during April and May where during these months, the wind speed is low.
Thus, the system will have to depend to generator and PV array to generate

electricity.

Table 9 : Components ratio 1

Component Production Fraction
(kWh/yr)
PV array 6,310,685 46%
Wind turbines 1,933,316 14%
Generator 1 5,361,562 39%
Total 13,605,562 100%
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Monthly Average Electric Production
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Figure 20: Monthly average electric production 1
Hybrid solar with generator
For this system, the power supply from PV array and generator which contributes
about 51% and 49% of electricity respectively. Throughout the year, the

electricity generation from both sources show slightly same ratio of electricity

production.

Table 10 : Components ratio 2

Component PEE\(/’VTSSSH Fraction
PV array 6,310,685 51%
Generator 1 6,101,941 49%
Total 12,412,625 100%

&00 Monthly Average Electric Production
o= P'l.l'

— Generator

-

-

200 1

200

Peer [ kK17

400

A
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Figure 21: Monthly average electric production 2
Hybrid wind-solar renewable energy system

As can be seen from Table 11, the system is only depended on renewable energy
sources to generate electricity. 70% of power is generated from PV array and
another 30% from wind turbine. The system is highly depends on PV array
because the total amount of solar radiation received is quiet high compared to
wind speed. Thus, the wind turbine will act as backup to in order to sustain the

electricity generation of the system.
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Table 11 : Components ratio 3

Component PEE\?VL:]C/;'Sn Fraction
PV array 8,834,961 70%
Wind turbines 3,866,632 30%
Total 12,701,593 100%

Power | kW)

Monthly Average Electric Production

il

il

:

Jan * Feb

" har
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"Aug Sep Oot

"Mow  Dec

Wind

Figure 22: Monthly average electric production 3

4.1.2 Economic Analysis

e Hybrid wind-solar with generator

Table 12 and Table 13 show the net present cost and annual cost to implement and

operate the system respectively. The total net present cost of the system is USD
56,257,548 and the annual cost for the system is USD 4,400,843. Since generator

being used in this system, diesel fuel is needed to generate electricity. Thus, the

annualized cost becomes higher in order to maintain the system.

Table 12 : Net present cost 1

Component | GeBAl | Repacement | 0&M | Fuel | Selvege | Total

PV 13,500,000 4,209,369 0 0| -2,359,115 | 15,350,254
Vestas V82 3,000,000 1,251,796 0 0 -232,999 4,018,797
Generator 1 0 3,725,754 2,765,042 | 15,589,760 -73,786 | 22,006,768
Trojan L16P 4,400,000 7,217,083 511,335 0 -761,723 | 11,366,698
Converter 2,700,000 1,001,437 0 0 -186,399 3,515,038
System 23,600,000 17,405,438 3,276,376 | 15,589,760 | -3,614,022 | 56,257,548

Table 13 : Annualized cost 1
Component Capital Replacement 0o&M Fuel Salvage Total
(USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr)

PV 1,056,061 329,285 0 0 -184,546 1,200,800
Vestas V82 234,680 97,924 0 0 -18,227 314,377
Generator 1 0 291,453 216,300 1,219,536 -5,772 1,721,517
Trojan L16P 344,198 564,569 40,000 0 -59,587 889,179
Converter 211,212 78,339 0 0 -14,581 274,970
System 1,846,151 1,361,570 256,300 1,219,536 -282,713 4,400,843
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e Hybrid solar with generator
According to Table 14 and Table 15, the total net present cost is USD 57,270,564
while the annualized cost is USD 4,480,088. As can be seen, the generator still

consumes largest cost in term of net present cost and also the annualized cost. The

higher dependency of the system to generator is, the higher the overall cost for the

system.
Table 14 : Net present cost 2
Component Capital Replacement O&M Fuel Salvage Total
P (USD) (USD) (USD) (USD) (USD) (USD)
PV 13,500,000 4,209,369 0 0| -2,359,115 | 15,350,254
Generator 1 0 3,682,790 2,713,269 | 16,910,026 -108,135 | 23,197,952
Trojan L16P 4,400,000 9,631,074 511,335 0 -506,772 | 14,035,640
Converter 3,600,000 1,335,249 0 0 -248,532 4,686,717
System 21,500,000 18,858,480 3,224,603 | 16,910,026 | -3,222,553 | 57,270,564
Table 15 : Annualized cost 2
Component Capital Replacement O&M Fuel Salvage Total
P (USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr)
PV 1,056,061 329,285 0 0 -184,546 1,200,800
Generator 1 0 288,093 212,250 1,322,816 -8,459 1,814,700
Trojan L16P 344,198 753,407 40,000 0 -39,643 1,097,962
Converter 281,616 104,452 0 0 -19,442 366,626
System 1,681,874 1,475,237 252,250 1,322,816 -252,090 4,480,088

e Hybrid wind-solar renewable energy system

For this system, the net present cost is USD 48,744,584 while the annualized cost

is USD 3,813,129. As can be seen, the cost is slightly lower compared to the

previous cases. This is because this system does not depend to generator to

produce electricity. It only depends on renewable energy sources; wind speed and

solar distribution to produce power. Thus, it reduces the overall cost of the system.

Table 16 : Net present cost 3

Component Capital Replacement o&M Fuel Salvage Total

(USD) (USD) (UsSD) (USD) (USD) (USD)
PV 18,900,000 5,893,116 0 0| -3,302,760 | 21,490,356
Vestas V82 6,000,000 2,503,592 0 0 -465,998 8,037,594
Trojan L16P 4,200,000 7,402,321 2,684,506 0 -928,587 | 13,358,240
Converter 4,500,000 1,669,062 0 0 -310,665 5,858,396
System 33,600,000 17,468,090 2,684,506 0| -5,008,010 | 48,744,584
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Table 17: Annualized cost 3

Component Capital Replacement 0&M Fuel Salvage Total
(USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr) (USD /yr)
PV 1,478,485 460,999 0 0 -258,364 1,681,120
Vestas V82 469,360 195,848 0 0 -36,453 628,755
Trojan L16P 328,552 579,059 210,000 0 -72,640 1,044,971
Converter 352,020 130,565 0 0 -24,302 458,283
System 2,628,418 1,366,471 210,000 0 -391,760 3,813,129

4.1.3 System Comparison

Table 18 shows the summary of design architecture and cost of each system. From

this data, the payback period can be calculated easily. Every system have different

payback period depends on the net annual revenue and the capital investment cost.

The higher electricity production by the system and the smaller capital investment of

the project will greatly reduce the payback period as shown in Table 21.

Table 18 : Summary of design architecture and cost

System Component Size Power Qty |Production| Net Present| Annual
Rating (unit) [(kWh/year)| Cost (USD) |Cost (USD)
Wind (14%) 3.3 MW |[1.65 MW 2
Solar (46%) 3 MW 300W | 10,000
Hybrid
with Generator (39%) [ 1.5 MW | 1.5 MW 1 113,605,562| 56,257,548 | 4,400,843
Generator
Battery 2.16 kwWh - 4,000
Converter 3,000 kw - 1
Solar (51%) 3 MW 300w | 10,000
Solar with Generator (49%) | 1.5 MW | 1.5 MW 1
s r";t' or 12,412,625| 57,270,564 | 4,480,088
Battery 2.16 kwh - 4,000
Converter 4,000 KW - 1
Solar (70%) 42 MW | 300W | 14,000
Hybrid Wind (30%) 6.6 MW [1.65 MW 4
Solar Wind 12,701,593 48,744,584 | 3,813,129
System Battery 2.16 kWh - 21,000
Converter 5000 kW - 1

In term of environmental issue, hybrid solar with generator system contributes the

highest pollution gaseous to the atmosphere followed by hybrid wind-solar with
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generator. However, hybrid wind-solar system does not release any pollution gas to

atmosphere since the system is 100% depends on renewable energy sources. Less

dependency of the system to diesel fuel to generate electricity will result in less

emission of pollution gaseous to the atmosphere.

Table 19 : Summary of components ratio for each system with the pollutants emission

System Hybrid with Generator Solar with Generator Hybrid Solar Wind
Component Production | Fraction Production Fraction Production Fraction
(kWh/yr) (%) (kWh/yr) (%) (kWh/yr) (%)
PV array 6,310,685 46% 6,310,685 51% 8,834,961 70%
Wind turbines 1,933,316 14% 0 0% 3,866,632 30%
Generator 1 5,361,562 39% 6,101,941 49% 0 0%
Total 13,605,562 100% 12,412,625 100% 12,701,593 100%
Pollutants Emission (kg/yr)
Carbon
dioxide 5,352,396 5,805,679 0
Carbon 13,212 14,330 0
monoxide
Wrler 3l 1,463 1,587 0
hydrocarbons
Particulate 996 1,080 0
matter
Sulfur dioxide 10,749 11,659 0
Nitrogen 117,888 127,872 0
oxides

4.1.4 Payback Period Calculation

Based on [17], in Malaysia the FiT rate including the bonus FiT rate for every kWh

from renewable energy production is RM 1.31 which equivalent to USD 0.40. From

this rate, the payback period can be calculated as follows.

Table 20 : Payback Period

: Annual
ng'st?l Production A(r;(r)\;jtal Revenue (USD NeL,rA(;ﬂuaI Payback
System kWh/year lyear Period
y wsp) | ¢ i ) | (UsD) s Do | (usDiyear) o
[a] [c] i [e=d-c]

HGyb”d With | 56 557 548 | 13,605,562 | 4,400,843 5,442,225 1,041,382 | 54 years
enerator

olarwiih | 57,270,564 | 12,412,625 | 4,480,088 | 4,965,050 484,962 | 118 years
enerator
Hybrid

Solar Wind | 48,744,584 | 12,701,593 | 3,813,129 5,080,637 1,267,508 | 38years
System
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As can be seen in Table 20, it shows the payback period of each system. The shortest
payback period is recorded by hybrid solar wind system followed by hybrid with
generator system. The payback period of solar with generator system is 118 years
which is the longest period compared to other system. The payback period can be
reduced if the FiT price for every kWh is increasing. This will result in the annual
profit significantly increase. The payback period also can be reduced if the
equipments price is decreasing which result in capital cost to reduce. Market trend
shows the main equipments price which are solar panel and wind turbine are getting
lower from year to year. Thus, the implementation of renewable energy based
electricity generating system becomes one of highly recommended option to replace
diesel fuel based electricity generating system. In addition, the income from
generating electricity from clean energy is much higher compared to the existing
electricity generation by Tenaga Nasional Berhad (TNB) which is RM 1.31 every
kWh generated. The price sell by TNB for every kWh is RM 0.22.

4.1.5 Land Area Calculation

The size for 300 W of solar panel rating is 1.63 m% To calculate the land area
required by the solar system, the numbers of solar panel have to be multiplied with
the area of each solar panel. While for wind turbine system, the distance between
wind turbines have to be placed at least 5 times of its diameter in order to maximize
the power output. The diameter of wind turbine used in this study having 82 m rotor

diameter. By using this strategy, the area for the whole system can be calculated as

follow:
Table 21 : Total land area required by each system
- Number of solar | Number of wind Total Land Total Lanzd Area

y panel (unit) turbine (unit) Area (m?) (km?)

o) el 10,000 2 336,200 0.58
Generator

Sl bl 10,000 16,300 0.13
Generator

bt Seler i 14,000 4 695,220 0.83
Generator

In Tronoh, there is a lot of land that available for the implementation of this system

thus there is no land area issue for implementation of this renewable energy plant in

this place.
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4.2 Software development

For this part, author manages to develop a hybrid generating system sizing software
using Microsoft Visual Basic Express 2010 in order to assist the implementation
strategy for the development of a new renewable energy power plant based on the
resources data and load demand of the implementation site. The desire output of this
software will be the number of main equipments which are wind turbine and solar
panel and also the total land area required for the renewable energy implementation
purpose. The estimation of land area and number of equipments use for the
implementation will help the user to properly manage and arrange the strategy of the
power plant.

This sizing software is used to assist new devolepment of hybrid solar-wind
renewable energy power plant based on load demand, renewable energy
resources and design specification of the system.

_ ClicktoStart | Loea |

Nur Syazana Ahmad Tajuddin Supervisor : AP Dr Balbir Singh Mahinder Singh

Figure 23 : Start-Up form

Figure 24 indicates the load demand form to be filled by the user for 24 hours load
demand basis. The load demand data can be manually inserted or imported from
Microsoft Excel to this software. There are losses of power in the system that needs
to be considered by the user. This is because power from wind turbine and solar
panel are not fully converted to electricity in real situation.
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Figure 24 : AC Load Demand

Based on Figure 25, the user can key in the data for solar radiation up to 7 days
reading into solar resources form. This is to ensure the data can provide better
estimation of solar radiation for the specific location. In this system, user can choose
whether to design solar system, wind system or solar wind system. Similar method is
applied to key in the data for wind resources.

f=l=
Solar Resources

Insert insolation value for 7 days on hourly basis on latitude: e

Dayl Day2 Day3 Dey4 Day5 Day6 Day7 Dayl Day2 Day3 Dasy4 Day5 Day6 Day7
0O RS Wine 1200 e
0100hs T Wi 1300hes T e
0200hs T W 400 Ms T e
0300hrs e B00hes T e
0400h,s e 1600hes T wim
0500 h,s . wm 1700bes wim
0600 h,s T wime 1800hes T wm
0700 h,s T i 1900hes T e
0800hrs T wme 200hbs T wm
0900 hes T wme 2100 hes T e
0000, wme 2200hes Wi
1M00hes . wme 2300hes 0 wim

Figure 25 : Solar Resources Data
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Figure 26 indicates the design strategy of the system. In this section, user has to fill
the resources ratio that they are desired for the system. Next, the design specification
such as the PV panel rating, area of solar panel, turbine diameter and turbine
efficiency need to be key in into the software.

Figure 26 : Design Strategy

Finally, after completed inserting all the data into the software, user can directly
obtain the final output of the system such as solar energy, sun hour, wind energy and
wind power produced by their system as shown in Figure 27.

Figure 27 : Final Output
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CHAPTER 5

CONCLUSION & RECOMMENDATION

As a conclusion, the implementation of renewable energy plant in Malaysia
specifically in Tronoh is feasible after done the resources data collection, load
demand analysis, techno-economic analysis using HOMER software and also the
land area analysis. Based on the results obtained, the payback period for the
implementation of this system will take about 38 to 118 years to recover the capital
investment considering the annual cost of the system. With the cost of range between
USD 50,000,000 to USD 60,000,000 this system can provide power supply up to
3460 unit of houses where the average for a household electricity use in Malaysia is
251 kWh per month. However, the capital cost can be reduced if the trend of solar
panel and wind turbine price is decreasing on future. The payback period also will be

significantly reduced if the FiT per kWh produced is increasing.

In term of land area required for the implementation of the system, another
alternative that can be considered is by mounted the system on roof top of building.
By doing this, the usage of land area can be minimized. It is highly recommended for
the government to further extent this feasibility study for the implementation of
renewable energy based electricity generating system in Malaysia for future

development of power generation.
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