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ABSTRACT 

 

The technical design and performance evaluation of solar PV system are gaining increasing 
attention nowadays. This is to maximize the economic benefits and to shorten the investment 
payment period, particularly under the Feed-in Tariff incentive scheme. In light of this, this 
thesis presents a comparison between the performance of Thin Film (tandem junction- micro-
amorphous), Heterojunction with Intrinsic Thin layer (HIT) and Mono-Crystalline (Mono) 
photovoltaic (PV) module technologies between estimated and real measurement data for the 
grid-connected PV system installed at the Research Laboratory of PV System and Smart Grid, 
UTeM. The respective system performances were analysed in terms of total energy yield. In 
addition, the rooftop and ground mounted PV system installation conditions were also 
considered in the study. The respective system performances were compared in terms of total 
energy generated, specific yield and Levelized Cost of Energy (LCOE) for PV grid parity 
analysis in Malaysia. The FiT degradation rate of solar PV system has been taken into 
consideration. The key findings suggest that under the Malaysian climate environment, the 
Thin Film PV system has the highest energy yield, which is mainly driven by its lower 
module temperature losses and minimum module fluctuation response. Moreover, under the 
current Feed-in Tariff scheme in Malaysia, the rooftop thin-film PV system installation has 
the highest economic benefit for the utility scale PV power plant. Apart from the PV system 
performance evaluation, the installation of an external lightning protection system is crucial 
for power plants to minimize PV system damages.This is because Malaysia is also one of the 
countries withthe highest occurrences of lightning activities in the world. Thus, it is essential 
for PV power plants to have adequate protection from damage and power generation losses. 
In this regard, two different lightning systems were considered to two different PV 
technology Power Plant systems. The respective system performances were compared in 
terms of total energy yield. The key findings suggest that the air termination lightning pole 
is suitable for a solar power plant particularly a Thin Film or Crystalline PV power plant 
system that will result in lower losses compared to the Early Streamer Emitter lightning pole 
for the PV Power Plant system. 
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ABSTRAK 

 

Rekabentuk dan penilaian prestasi teknikal sistem PV solar semakin mendapat perhatian 

pada masa kini. Ini penting untuk memaksimumkan manfaat ekonomi dan untuk 

memendekkan tempoh pulangan pelaburan, terutamanya di bawah skim insentif Tarif Feed-

dalam. Dengan itu, tesis ini membentangkan perbandingan antara prestasi filem nipis 

(selaras junction-mikro-amorfus), Heterojunction dengan lapisan nipis intrinsik (HIT) dan 

Mono-Kristal (Mono) fotovoltaik (PV) modul teknologi antara data pengukuran anggaran 

dan sebenar. Sistem masing-masing persembahan telah menganalisis dari segi jumlah 

tenaga hasil dari PV modul teknologi dan analisis ekonomi sistem PV. Penemuan-penemuan 

penting mencadangkan bahawa keadaan iklim Malaysia, sistem PV filem nipis mempunyai 

hasil tenaga yang tertinggi, yang didorong terutamanya oleh kerugian modul suhu yang 

rendah dan maklum balas naik-turun modul minimum. Atas bumbung dan tanah dipasang 

pemasangan sistem PV syarat-syarat yang telah dipertimbangkan dalam kajian ini. Prestasi 

sistem masing-masing telah dibandingkan dari segi jumlah tenaga yang dihasilkan, hasil 

tertentu dan Levelized kos daripada tenaga (LCOE).Di bawah skim Feed-in Tariff ini semasa 

di Malaysia, pemasangan sistem PV nipis-filem di atas bumbung mempunyai faedah ekonomi 

yang tertinggi untuk loji janakuasa skala PV utiliti. Kadar kemerosotan patut solar PV sistem 

telah diambil kira. Gabungan struktur pelekap dan konsep struktur BIPV dianggap 

Universiti Teknikal Malaysia Melaka Reka bentuk loji janakuasa solar. Analisis tekno-

ekonomi adalah untuk mengetahui dalam projek yang menjadi bankability yang tempoh 

bayar balik pelaburan dengan suapan yang terendah dalam skim tarif yang dicadangkan 

oleh pihak berkuasa pembangunan tenaga lestari (SEDA) pada tahun 2015. Pemasangan 

sistem perlindungan kilat luar adalah penting bagi loji-loji janakuasa untuk meminimumkan 

kerosakan sistem PV.Dua sistem berbeza kilat telah dipasang untuk dua PV teknologi loji 

kuasa sistem yang berbeza. Prestasi sistem masing-masing telah dibandingkan dari segi 

jumlah tenaga yang dijana dan hasil tenaga. Penemuan-penemuan penting mencadangkan 

bahawa tiang kilat penamatan Penyaman sesuai untuk loji janakuasa solar terutamanya 

filem nipis atau Kristal PV loji kuasa sistem yang akan mengakibatkan kerugian yang lebih 

rendah berbanding dengan kutub kilat awal Streamer Emitter untuk sistem loji kuasa PV. Ini 

adalah disebabkan oleh bayang-bayang tiang kilat yang jatuh pada modul PV untuk 

meningkatkan suhu sel solar dan mengurangkan penjanaan kuasa. Malaysia mempunyai 

salah satu ulangan aktiviti kilat tertinggi di dunia. Oleh itu, adalah penting bagi loji-loji 

janakuasa PV untuk mempunyai perlindungan yang mencukupi dari kerosakan dan kuasa 

generasi kerugian. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

The Malaysian government is committed in the development of renewable energy 

with particular emphasis on solar Photovoltaic (PV). The Malaysia Renewable Energy (RE) 

Act 2011 was gazette in June 2011 with the introduction of the Feed-in Tariff (FiT) scheme 

(RE Act, 2011). Sustainable Energy Development Authority (SEDA Act, 2011) is then 

established to facilitate the development of RE in the country. Starting from 2013, 1.6% of 

the total electricity bills is collected from the consumers with monthly energy consumption 

exceeding 300kWh to support RE development under the FiT scheme. Amongst the RE 

technologies, the PV system received the most encouraging take up by the public and 

investors (SEDA, 2014). This is mainly driven by the FiT scheme for the Solar PV project 

to become economically attractive.  

 

Researches on PV in Malaysia weremainly focusing on solar radiation prediction (K. 

Sopian, 1992; K.A. Baharin, 2013), PV module performance (N. Amin, 2009), cell materials 

(R. Daghigh, 2011) and inverter (N.A. Rahim, 2011). However, it is equally important to 

understand the cost and technical implication of PV installation in the Malaysian context. 

This is because technical implications and cost components of the PV system, as it will 

directly affect the investment return duration and the PV system performance. In addition, 


