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The electricity coverage in Sarawak is the lowest compared to Sabah and
Peninsular Malaysia at 78.74%, 82.5% and 99.62%, respectively. Majority of
the population (84.4%) in the Kapit District, Sarawak resided in rural areas and
mostly situated along the main riverbanks has great potential to generate
electrical energy with a hydrokinetic system. Yearly water velocity data is the
most significant parameter to perform a hydrokinetic analysis study.
Nevertheless, the data retrieved from local river databases are inadequate for
river energy analysis, thus hindering its progression. Instead, flow rates and
rainfall data had been utilised to estimate the water velocity data. To date,
there is still no study that has been found on estimating of water velocity data in
unregulated river using water level. Therefore, a novel technique of estimating
the daily average water velocity data in unregulated rivers is proposed. The
modelling of regression equation for water velocity estimation on-site was
performed. Two regression model equations were generated to estimate water
level and water velocity on-site. They were proven to be valid as the
Coefficient of Determination (Rz) values 87.4% and 87.9%, respectively. The
combination of both regression model equations can be used to estimate long
term time series water velocity data for type-C unregulated river in rural areas.
Six data sets of daily average water velocity data throughout the year was
estimated on-site from 2010 to 2015 using 6 years of water level data taken
from hydrological stations upstream. The Hydrokinetic-PV solar-Diesel-Battery
hybrid system model was simulated using Hybrid Optimization Model for
Renewable Electric (HOMER) software using six years of estimated water
velocity data on-site. From the simulation results, it can be concluded that the
Hydrokinetic-PV solar-Battery hybrid system is more economical than other
hybrid systems. This is especially in terms of using 100% renewable energy
resources with the lowest of Cost of Energy (COE). The COE of this hybrid
system is 62% lower than the existing stand-alone diesel generator in any other
state of the water velocity. However, if 10% of energy shortage is allowable
per year, the COE of proposed hybrid system is 73% lower than COE of



existing diesel generator. It clearly shows that the Hydrokinetic-PV solar-
Battery hybrid system is the best solution for the remote school electrification
and is able to eliminate the use of existing diesel generators.
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Liputan pengunaan tenaga elekirik di Sarawak adalah yang paling rendah jika
dibandingkan dengan Sabah dan Semenanjung Malaysia iaitu masing-masing
78.74%, 82.5% dan 99.62%. Majoriti penduduk (88.4%) di Daerah Kapit
Sarawak adalah tinggal di kawasan luar bandar dan kebanyakannya menetap
di sepanjang tebing sungai utama adalah sangat berpotensi untuk menjana
tenaga elektrik dengan menggunakan sistem hidrokinetik. Data halaju air
tahunan adalah merupakan parameter yang paling utama untuk menjalankan
kajian analisis hydrokinetik. Walau bagaimanapun, data yang diambil daripada
pangkalan data stesen hidrologi tempatan adalah tidak mencukupi untuk
melakukan analisis tenaga menggunakan arus sungai, sekali-gus menghalang
perkembangannya di dalam kajiannya. Sebaliknya, data kadar aliran sungai
dan data hujan telah digunakan untuk menganggarkan data halaju air.
Sehingga kini, masih belum dijumpai sebarang kajian mengenai pengiraan
data halaju air untuk sungai aliran bebas dengan menggunakan paras air.
Oleh itu, satu teknik baru untuk menganggarkan data purata harian air dalam
sungai aliran bebas adalah dicadangkan. Pemodelan persamaan regresi untuk
menganggar halaju air di tapak telah dilakukan. Dua persamaan model
regresi dihasilkan untuk menganggarkan paras air dan halaju air di tapak.
Kedua-dua persamaan regrasi tersebut terbukti sah kerana nilai Pekali
Penentuan (R®) adalah masing-masing 87.4% dan 87.9%. Gabungan kedua-
dua persamaan model regresi boleh digunakan untuk menganggarkan data
halaju air siri jangka masa panjang untuk sungai aliran bebas jenis-C di
kawasan pedalaman. Sebanyak enam set data purata air harian sepanjang
tahun telah dianggarkan di tapak dari tahun 2010 hingga 2015 dengan
menggunakan data paras air yang diambil dari stesen hidrologi di bahagian
hulu sungai. Model sistem hibrid Hidrokinetik-Solar PV-Diesel-Bateri telah
disimulasikan dengan menggunakan perisian HOMER dengan menggunakan
data halaju air anggaran selama enam tahun di tapak. Dari keputusan
simulasi, dapat disimpulkan bahawa sistem hibrid Hidrokinetik-Solar PV-Bateri
adalah lebih ekonomik berbanding dengan sistem hibrid yang lain. Terutama



sekali dari segi pengunaan sepenuhnya (100%) sumber tenaga boleh
diperbaharui dengan kos tenaga (COE) yang paling rendah. COE bagi sistem
hibrid ini adalah 62% lebih rendah berbanding dengan penjana diesel yang
sediada di dalam apa jua situasi halaju air. Walau bagaimanapun, jika 10%
kekurangan tenaga tahunan dibenarkan di dalam sistem hibrid ini, COE sistem
hibrid yang dicadangkan ini adalah 73% lebih rendah berbanding COE oleh
penjana diesel sedia ada. lanya jelas menunjukkan bahawa sistem hibrid
Hidrokinetik-Solar PV-Bateri adalah penyelesaian terbaik untuk bekalan elektrik
di sekolah-sekolah di kawasan luar bandar dan mampu untuk menamatkan
penggunaan penjana diesel sedia ada.
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CHAPTER1

INTRODUCTION

11 Background

It is apparent that electricity is one of the basic necessities apart from clean
water supply, heat and light from the sun, food, medical and transport facilities
in order to survive the contemporary world. However, in order to supply and
electrify small rural communities by way of distributing and stepping down the
high voltage power lines along inhabitable areas are uneconomical and
impractical in terms of initial and maintenance costs (Anyi, Kirke, & Ali, 2010;
Vermaak, Kusakana, & Koko, 2014). As a consequence, diesel generators
have become favorable to the communities to electrify the residential houses
and schools due to them being cheap and offers the most durability and
reliability in supplying electrical power (Anyi et al., 2010; Vermaak et al., 2014).
However, these diesel generators also have some drawbacks such as: noise
and air pollution; too heavy and difficult to carry to the rural areas; high cost of
energy per kilowatt hour; and having expensive operating and maintenance
costs for the rural area people, which mainly consists of low-paid workers such
as fishermen and farmers (Ahlborg & Hammar, 2011; Anyi et al., 2010; Cust,
Singh, & Neuhoff, 2007; Foster, Wagner, & Byrnes, n.d.; Vermaak et al., 2014).
Recognizing this fact, the researches in power generation system based on
renewable energy resources have grown rapidly where the energy from the
sun, wind, hydro, biomass, tide, waves and geothermal heat are harnessed as
future energy resources.

Government policies play an important role as the key factor in the
development of renewable energy in many countries worldwide (Cust et al.,
2007; Derek J. Bertsch, 2011; Karekezi & Kithyoma, 2003; Kaygusuz, 2012).
The Malaysian National Renewable Energy Policy and Action Plan announced
on the 2nd of April 2010 (KeTTHA, 2008) shows the commitment of the
government in supporting renewable energy and green technologies with the
main agenda to enhance the utilization of renewable energy resources in order
to contribute towards national electricity supply security and sustainable socio-
economic development. Its main objective is to increase renewable energy
(RE) contribution into the national power generation mix and conserve the
environment for future generation (KeTTHA, 2008). Consequently, studies
related to the renewable and green energy have captured the interest of local
researchers. As a result, an effort is made to create substantial innovation in
power generation system using renewable energy resources to improve the
lifestyle of the residents especially to rural area communities. The standard of
living for the majority of the population in rural areas is very poor due to the
limited or no basic facilities such as roads, hospitals, clean water supply and
electricity which hinders the development and progression (Kaygusuz, 2012).



Kapit is the largest division in Sarawak with an area of 38,934 sq. km. covering
three main districts: Kapit; Song; and Belaga. They constitute almost one-third
of the total land area of Sarawak (124,450 sq. km.) (Sarawak Energy, 2015).
The terrain of Kapit is approximately 80% mountainous covered with dense
primary forests. About 88.4% of the Kapit's populations are located in rural
areas (Sarawak, 2010; Sarawak Energy, 2015), where the grid-connected
power supply is not readily accessible. The communities live in 534
longhouses and some are attached with schools situated along the major
rivers. These houses and schools exist without grid transmission line that uses
portable diesel generators for lighting (Ministry of Education Malaysia, 2013;
Sarawak Energy, 2015). Out of 1,452 schools in Sarawak, 50 schools are
located in Kapit District were registered under the Malaysian Ministry of
Education (MOE) (Ministry of Education Malaysia, 2012a, 2012b). 29 of these
schools are electrified by a private utility such as Sarawak Electricity Supply
Corporation (SESCO). The rest of 21 schools are equipped with 24-hour
electricity power supplies using decentralized diesel generators as a primary
source initiated by the MOE. The use of decentralized diesel generator for
schools in rural areas has strained the government finances periodically. Over
RM 1.0 million/year has been spent for each rural school in Sarawak to bear
the operating, maintenance and diesel fuel cost to ensure that the amenities in
these rural schools are on par with those at urban schools (Ministry of
Education Malaysia, 2012a, 2012b).

Hence, in order to overcome the rising cost of operation and maintenance
(O&M) of diesel generator, as well as to address the global warming concerns
due to the increasing greenhouse gases emission each year, the MOE has
launched a rural area electricity program via green technology through the
provision of RM 1.5 billion from the green technology policy, in which the action
plan has gained approval (KeTTHA, 2008; Mahmud, 2011). The benefits of
this green energy policy in terms of profit and high return of investment have
attracted the industry players to contribute expertise in providing electric energy
supply using renewable energy, particularly to rural areas. The location of
Kapit's rural school settlement in Sarawak are shown in Figure 1.1. The
schools are mostly located on the main river bank with an abundance of strong
water flow that has the potential to generate electrical energy using
hydrokinetic system technology.



Location Map for Remote Community in Kapit District, Sarawak
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Figure 1.1: Location of Schools in Rural Area in Kapit, Sarawak (Ministry
of Education Malaysia, 2012a)

Kapit District, Sarawak has been chosen as the target location of this study due
to the finding done by H. Borhanazad et al. (2013). In the study, it was found
that East Malaysia has lower electricity coverage of 82.51% and 78.74% for
Sabah and Sarawak respectively compared to electricity coverage in
Peninsular Malaysia which has 99.62%. Furthermore, Sarawak has the
highest concentration of poor population while having up to 40 available rivers
that have high potential for electricity generation using hydrokinetic technology.
In addition, hydrokinetic technologies are designed with the aim to harness
energy from moving water to generate electrical power without the negative
impacts to environment and do not interfere with the placement of the original
inhabitants (Gliney & Kaygusuz, 2010; Khan, Bhuyan, Igbal, & Quaicoe, 2009).

1.2 Problem Statement

Recent studies related to the hydrokinetic system across nations are heavily
focused on the development of hydrokinetic turbine blade (Guney & Kaygusuz,
2010; Khan et al., 2009; Khan, Igbal, & Quaicoe, 2006; Vermaak et al., 2014),
the potential of target site study (Behrouzi, Nakisa, Maimun, & Ahmed, 2016;
Blanco, Junior, Figueiredo, & Negr, 2017; Borhanazad, Mekhilef,
Boroumandjazi, & Saidur, 2013; Lalander, Grabbe, & Leijon, 2013; Previsic &
Bedard, 2008), and only three studies was found had looked into the
performance of hydrokinetic study in Province Riau, Indonesia and KwaZulu-
Natal in South Africa (Koko, Kusakana, & Vermaak, 2014; Kunaifi, 2009;
Kusakana & Vermaak, 2013b). As for the Malaysian context, only one
research was found to investigate the development of Vertical Axis Cross Flow
Hydrokinetic Turbine Blade as given in Appendix A through Sustainable
Hydrokinetic Renewable Energy (SHRE). This study was initiated by Public
Works Department Malaysia (PWD) in collaboration with University Putra
Malaysia (UPM). To date, there are still no research that has been found
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regarding the hydrokinetic performance analysis study especially in Malaysia
river environment.

For the implementation of hydrokinetic performance analysis study, the daily
water velocity data collected throughout the year are the significant parameter
that ascertains the 24-hour operation of the system. Nonetheless, such data is
not supplemented by the Malaysian Department of Irrigation and Drainage
(DID). Many researchers highlighted the scarcity of hydrokinetic resources
assessment as the global river databases from DID are impractical for river
energy analysis (Lalander, 2013; Vermaak et al., 2014). Due to the difficulties
of water velocity data retrievable from global river database, K. Schulze et al.
(2005), E. Lalander (2013), K. Kusakana (2013) and S.P. Koko (2014) used the
water flow rate data to estimate water velocity data for hydrokinetic
performance analysis studies, provided that the project site is near a
hydrological station. In the absence of hydrological station, the rainfall data
was gathered by Kunifii (2009) in a hydrokinetic performance analysis study in
the Province of Riau, Indonesia. However, the methodology used by the
author to estimate the water velocity is not described in detail and it requires
further research.

The rainfall data is not suitable to be used for water velocity estimation at the
targeted site, i.e. Balleh River at Sk.Nanga Sempili. This is because the rainfall
data taken from one location at upstream does not describe the total amount of
rainfall occurs at the upstream due to the Balleh River being over than hundred
kilometers upstream from the site location. The usage of water level data is
more accurate as it reflects the total amount of rainfall in the upper-reaches of
the river regardless of the distance of the river to upstream. M. Previsic, R.
Bedard and E. Lalander emphasized that water level does influence the water
velocity. Also, the correlation between velocity and water discharge is non-
linear (Lalander, 2013; Previsic & Bedard, 2008). The nearest hydrological
station in Entawau, does not provide flow rate data but only provide daily
average water level data and rainfall data. The gap that this research tries to
bridge is the absence of study estimating water velocity of river by using water
level data. As such, this research proposes a new technique that estimates
long terms series of daily average water velocity data throughout the year in
unregulated rivers for further hydrokinetic performance analysis.

The motivation of this research is to obtain the long-term series of daily
average water velocity data throughout the year for unregulated river for further
performance analysis study of hydrokinetic system in Malaysia; thereby,
accelerating the growth of electricity supply development in rural areas. This
research is very important as it provides an alternative solution and a simpler
method to estimate daily average water velocity data throughout the year
compared to the existing method which is more complicated and dangerous
site in term of flood. The study of hydrokinetic systems will not grow rapidly if
there is no solution to produce water velocity data in Malaysia or worldwide.
Another motivation of this research is to study the performance of Hydrokinetic-
PV solar-Diesel-Battery hybrid system that is to be installed in rural area in
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East Malaysia. Apart from that, it is aimed to eliminate the existing use of diesel
generators, which burden the communities in terms of diesel cost and
maintenance.

1.3 Aim and Objectives

The aim of this study is to supply a 24-hour electricity to rural area of East
Malaysia especially Kapit District, Sarawak using hybrid hydrokinetic and solar
energy systems. The main objectives of this study are listed as follows:-

1) To propose a guideline and technique to estimate water velocity in
unregulated river using regression analysis method.

2) To design and analyze the performance of the proposed Hydrokinetic-PV
solar-Diesel-Battery hybrid system modeling using Hybrid Optimization
Model Electric Renewable (HOMER) simulation software based on the
proposed estimated water velocity methodology.

3) To determine the best configuration of hybrid system in terms of full use
of renewable energy that is able to eliminate the existing used stand-
alone diesel generator on-site.

1.4 Scope of Work

Based on the previous study by S.P. Koko et al. (2014), Kunifi (2009) and K.
Kusakana and H.J. Vermaak (2013), the performance of hydrokinetic hybrid
system was analyzed using estimated water velocity using water flow rates and
rainfall data. In this study, to estimate water velocity data using flow rate data
is impossible due data that is not available. These data are not provided by
Hydrological Station Entawau (HSE) but provides for water level and rainfall
data.

This study is then expanded by designing an alternative solution to obtain the
average daily water velocity data at the site by comparing water velocity data
with water level data through regression analysis using the SPSS simulation
software. The daily average water velocity data for one-year period is obtained
from the estimation of daily water level data on-site for a period of one-year
based on the daily average water level data obtained from the HSE located 20
km upstream. The accuracy of the mathematical equation modelling to
estimate the water velocity data in this research is only valid for type-C channel
stream at Sk. Nanga Sempili School with a gradient less than 2%. The
performance analysis study of Hydrokinetic-PV solar-Diesel-Battery hybrid
system using HOMER simulation software is done by using the estimated daily
average water velocity data of one-year period. Finally, the best configuration
of hybrid system is proposed on the selected location.

5



1.5 Contributions of Research

The contributions of this research are:-

1) The outcome of this work is to derive a standard procedure or guideline to
estimate daily average water velocity data throughout the year for
unregulated rivers, which is easy, safe and can be handled by unskilled
workers. This method also can be expandable to other types of river in
rural area worldwide.

2) The estimated daily average water velocity data throughout the year,
which is obtained from this study, can be used for further hydrokinetic
performance analysis study especially in rural area, East Malaysia.

1.6 Thesis Layout

This thesis consists of five chapters.

Chapter 1 introduces the background of this research work. The importance of
hybrid power generation system for rural electrification area using renewable
energy resources is highlighted. Hydrokinetic system is discovered to be the
new green technology that can be used for rural area electrification in East
Malaysia. In this chapter, the problem statement, aim and objectives, and the
contribution of the works are also stated.

Chapter 2 presents literature reviews related to this research topic. It begins
with @ comparison and explanation between Stand-alone Renewable Energy
Power Generation System (SRES) and Hybrid Renewable Energy Power
Generation System (HRES). This chapter also gives an overview of the rural
electrification using HRES throughout the world including of the Malaysian
perspective. The detailed reviews of performance study of hydrokinetic system
are explored in this chapter especially on the measurement and estimation of
water velocity data on-site. Lastly, reviews on the most suitable simulation
tools for the performance analysis study on hybrid system are mentioned.

Chapter 3 elaborates the steps in achieving the set research objective that is to
propose the best configuration of hybrid system based on hydrokinetic system
and to eliminate the existing use of diesel generator set on-site. It starts with
the selection of HOMER simulation software as a tool for hybrid performance
analysis studies. Then, a method of data collection on-site as input parameters
to meet the HOMER simulation software requirements is described. The
discussions are focused on standard procedure or guideline and new technique
to estimate daily average water velocity data on-site within one-year period
using data obtained from (i) Hydrological Station at Entawau (HSE) such as
daily water level, daily rainfall data and (ii) measurement data on-site such daily
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water level and water velocity data mentioned in detail. All data are analyzed
using SPSS software to produce a regression equation modeling that is
validated. Another set of data needed for HOMER s solar irradiation data that
are obtained from the NASA Website. The rest of the data such as load data
are collected on-site and the cost of components of hybrid system are collected
from manufacturers. These data are then inputted into HOMER simulation
software for performance analysis hybrid study.

Chapter 4 presents all results obtained from the experimental work that were
discussed in Chapter 3. All the result of data were collected on-site to fulfill the
HOMER simulation requirement such energy consumption, solar radiation data,
rainfall data and estimated water velocity data had presented. In order to
estimate daily average water velocity data throughout the year, a statistic
analysis process such correlation and regression analysis method us required.
This process would produce a regression equation model and is validated. All
the results regarding the process to estimate water velocity and water velocity
data within six years are also presented and discussed. Next, this chapter
presents and discusses the simulation results of configuration of hybrid system
using various water velocity data.

Finally, Chapter 5 concludes the overall results of the experimental work and
proposes the best configuration of hybrid system for the selected site. This
chapter also includes a few recommendations that can be implemented in this
research area in the future.
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