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ABSTRACT

In search of a clean energy resource for a better environment and a 100%
electrification rate, Malaysia has set a target to achieve 31% renewable energy
contribution by 2025. However, in rural areas of Malaysia, especially Sabah and
Sarawak, more than 50% of the population is below the poverty line as of 2017. To
overcome these problems, this research intends to help in promoting renewable
energy technology as a sustainable electricity generation mechanism, especially in
rural areas where the national grid is not cost-effective due to challenging terrain in
certain regions. The Eco-Tourism Destination of Liogu Ku Silou-Silou (EPLISSI), Kota
Belud, Sabah, has been selected as the study site. This study aims to develop a small-
scale off-grid solar PV system, analyze its performance, and find the most optimized
design through simulation studies. Meanwhile, the method used to achieve the aims
of this research includes the preliminary assessment, design development through
the review of the past studies as well as computation and components’ selection,
components’ fabrication and testing, and installation of the system and measuring
devices. As for the simulation studies, the ESCoBox tool, Global Solar Atlas version
2.3 (GSA 2.3), and HOMER software were used. The ESCoBox and GSA 2.3 softwares
were used in the preliminary study (i.e., before the photovoltaic (PV) system
installation) to generate the load profiles, and to select the approximate size of the
PV panel system, respectively. While the HOMER software optimises the system (post
PV system installation) on the existing system. As a result, it is found that the
EPLISSI's condition based on solar radiation and location are suitable for solar PV
system installation. Before system installation, the GSA 2.3 web tool suggested that
an energy output of 8.72 kWh/day can be generated from a 2.5 kWp solar PV system.
This system can at least satisfy the ESCoBox’s result of daily total average energy
demand by EPLISSI of 4.6 kWh/day. As for the actual installation, the installed solar
power capacity was 2.48 kWp (i.e., eight 310 W solar panels were used), together
with 12 lead-acid batteries (i.e., 12 V, 100 Ah battery capacity). A 12-month worth
of fieldwork data consisting of actual load demand, solar radiation, and wind speed
were collected and used as inputs for the HOMER software. It was found that the
existing installed system (i.e., termed as the first condition in the HOMER data
analysis stage) in EPLISSI was not optimally designed, as a 14.3% capacity shortage
exists. This PV system configuration also has a higher net present cost (NPC) and
cost of electricity (COE) under the 15% maximum annual capacity shortage (MACS)
limit. Using the actual electrical load demand and the on-site solar radiation data, the
HOMER software suggested that an optimized system (second condition with 15%
MACS) should consist of 5 kWp solar PV with 8 lead-acid batteries. This optimized
system would be better in terms of the NPC (from RM 95836.15 to RM 91791.88,
hence a reduction of 5.30%) and capacity shortage (from 14.3% to 13.5%, thus a
reduction of 0.80%) compared to the existing system (first condition) in EPLISSI.
Lastly, there exist 40% difference between the recommended PV capacity GSA 2.3,
2.5 kWp and HOMER, 1.5 kWp (in case of C2-SB). Smaller PV capacity is optimal for
C2-SB system due to the incorporation of diesel generator (DG). This also result in
lower NPC (from RM 95836.15 to RM 73918.00, hence a reduction of 22.87%) of the
system.



ABSTRAK

REKABENTUK DAN ANALISIS TENAGA SOLAR UNTUK ELEKTRIKASI LUAR
BANDAR DI DESTINASI EKO-PELANCONGAN LIOGU KU SILOU-SILOU,
EPLISSI, SABAH

Malaysia telah menetapkan sasaran untuk mencapai 31% sumbangan sumber
daripada jenis tenaga boleh djperbaharui menjelang 2025 untuk mencari sumber
tenaga bersih bagi menjana elektrik. Namun, di Sabah dan Sarawak, lebih daripada
50% daripada penduduk berada di bawah paras kemiskinan setakat 2017. Bagi
mengatasi masalah tersebut, penyelidikan ini berhasrat untuk membantu dalam
mempromosikan teknologi tenaga boleh diperbaharui. Destinasi Eko-Pelancongan
Liogu Ku Silou-Silou (EPLISSI), Kota Belud, Sabah telah dipilih sebagai tapak kajian.
Manakala, objektif kajian ini adalah untuk membangunkan sistem solar fotovoltaik
(PV) tanpa grid yang berskala kecil, menganalisis prestasinya serta mencari reka
bentuk yang paling optimum melalui kajian simulasi. Sementara itu, kaedah yang
digunakan untuk mencapai matlamat penyelidikan ini termasuk kejian penilaian awal,
pembangunan reka bentuk melalui kajian literatur serta pengiraan dan pemilihan
komponen, fabrikasi dan pengujian komponen, dan pemasangan sistem dan alat
pengukur. Bagi kajian simulasi pula, ia dibantu oleh perisian ESCoBox, Global Solar
Atlas versi 2.3 (GSA 2.3), dan HOMER. Kedua-dua perisian ESCoBox dan GSA 2.3
telah digunakan dalam kajian penilaian awal (sebelum pemasangan sistem solar PV)
untuk membantu dalam penjanaan profil beban dan untuk memilih saiz saiz sistem
panel PV. Manakala perisian HOMER digunakan untuk melakukan pengoptimuman
sistem (pasca pemasangan sistem solar PV) pada sistem sedia ada. Hasilnya, didapati
bahawa keadaan EPLISSI berdasarkan penilaian sinaran matahari dan lokasi adalah
sesuai untuk pemasangan sistem solar PV. Hasil darjpada perisian GSA 2.3, sistem
solar PV berkapasiti 2.5 kWp boleh menjana sehingga 8.72 kWj/hari. Kapasiti sistem
ini dapat memenuhi jumlah purata permintaan tenaga harian sebanyak EPLISSI
sebanyak 4.6 kWj/hari. Saiz panel solar sebenar yang direka dan dipasang ialah 2.48
kWp (lapan panel solar berkapasiti 310 W digunakan) bersama 12 bateri asid
plumbum (12 'V, 100 Ah). Memandangkan data kerja lapangan selama 12 bulan yang
telah dikumpul kemudiannya digunakan sebagai input untuk perisian HOMER, ia
didapati bahawa sistem pemasangan sedia ada (keadaan pertama) di EPLISSI tidak
direka bentuk secara optimum kerana terdapat kekurangan kapasiti sebanyak
14.3%. Konfigurasi sistem PV ini juga mempunyai kos semasa bersih (NPC) dan kos
elektrik (COE) yang lebih tinggi di bawah 15% had kekurangan kapasiti tahunan
maksimum (MACS). Dengan menggunakan beban elektrik sebenar dan data sinaran
suria di tapak pemasangan, perisian HOMER mencadangkan bahawa sistem optimum
(keadaan kedua dengan 15% MACS) terdiri daripada PV solar 5 kWp dengan 8 bateri
asid plumbum. Sistem yang dioptimumkan ini adalah lebih baik dari segi NPC (dari
RM 95836.15 kepada RM 91791.88, iaitu pengurangan sebanyak 5.30%) dan
kekurangan kapasiti (daripada 14.3% kepada 13.5%, juga pengurangan sebanyak
0.80%). Akhir sekalj, terdapat perbezaan 40% antara kapasiti PV yang disyorkan
oleh GSA 2.3, 2.5 kWpp dan HOMER, 1.5 kWp (dalam kes C2-SB). Kapasiti PV optimum
yang lebih kecil terhasil bagi sistem C2-SB kerana penggabungan penjana diesel
(DG). Ini juga menyebabkan NPC yang lebih rendah (daripada RM 95836.15 kepada
RM 73918.00, oleh itu pengurangan sebanyak 22.87%).
vi
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In terms of a country’s development, the electricity use rate could signify how well-
developed the country is (Seshie et al., 2018; United States Energy Information
Administration, 2017). However, it is not applied to the Organization for Economic
Cooperation and Development (OECD) countries (i.e., the United States, Japan, and
the United Kingdom), focusing on service economies rather than manufacturing
economies (United States Energy Information Administration, 2017). According to
International Energy Agency (2017), the global demand for electricity in 2018 rose
by 4%. It has been at its fastest pace since 2010. For the power generation system
to meet the rising electrical demand, the primary sources, such as coal and natural
gas, represent nearly 60% of the global electricity supply (International Energy
Agency, 2020).

However, researchers from all over the world are putting in continuous efforts
to develop renewable energy (RE) technology. It is an effort to discover a worthy
substitute for fossil fuels. They are the world’s most significant culprit of triggering
global warming and responsible for causing a high uncertainty of alarming climate
(Shahzad, 2015). It can be implied that renewable technologies are here to stay and
expand even more through various uses of RE technologies and judging from the
current capability of this type of energy source, as stated by Gielen et al. (2019). A
higher adoption rate will reduce the cost of owning these technologies (International
Energy Agency, 2017). Soon, there is no doubt that RE technology will be the primary

source of electricity, offering hope for a cleaner and better environment.



