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ABSTRACT

As a solution for the depletion of fossil fuel and its influence on the environment (i.e.
CO»), photovoltaic (PV) systems have been considered as alternative renewable energy
(RE) resources. The common practice in sizing the solar cables of photovoltaic systems
follows the maximum voltage drop and thermal limit constraints (i.e. maximum allowed
current and maximum allowed voltage drop). Little attention has been paid on the
estimation of the annual energy losses for solar cables. According to Malaysian standards,
for solar cable sizing, the maximum allowed voltage drop is five percent. Though
seemingly insignificant, a five percent voltage drop losses, when calculated throughout the
life span of a photovoltaic system, will have a huge impact on the profitability of the PV
system. This dissertation presents investigation on the annual energy losses for standard
solar cables. More importantly, instead of using conventional methods that follows the
maximum allowed voltage drop and maximum allowed current calculations for sizing the
solar cables, this dissertation presents a method for selecting optimal solar cable capacity
for grid-connected solar Photovoltaic (PV) systems. The optimization method takes into
consideration the cost of losses and solar cable investment cost throughout the technical
lifespan of the cable. In addition, the effects of using actual field data of different time
resolution irradiation data on the calculation of energy losses, and optimal solar cable
selection are presented and discussed in this dissertation. Additionally, the sensitivity of
different feed-in tariff rates on optimal solar cable selection had been considered in this
work. The key findings of the dissertation suggest that oversizing the solar cable for PV
system plays an important role in losses reduction, and at the same time yields monetary
savings in the long run. Also, the results showed that the time resolution solar radiation
data has important role on optimal solar cable selection and economic calculations of PV
system.



ABSTRAK

Sebagai penyelesaian kepada penyusutan bahan api fosil dan kesannya kepada alam
sekitar (CO?), sistem photovoltaic (PV) telah dikenalpasti sebagai alternatif kepada
sumber bahan api yang boleh diperbaharui (RE/renewable energy). Cara umum untuk
penentuan saiz kabel solar sistem photovoltaic adalah berdasarkan kejatuhan voltan
maksimum dan halangan had termal (arus maksimum yang dibenarkan dan kejatuhan
voltan maksimum yang dibenarkan). Anggaran kehilangan tenaga dalam setahun untuk
kabel solar jarang diberi perhatian sebelum ini. Berdasarkan piawaian Malaysia untuk
penentuan saiz kabel solar, kejatuhan maksimum voltan yang dibenarkan adalah lima
peratus sahaja. Walaupun nilai ini adalah kecil, kejatuhan sebanyak lima peratus voltan
sepanjang tempoh hayat sistem photovoltaic mempunyai impak yang sangat besar ke atas
faedah sistem PV. Kertas kajian ini membincangkan kaji selidik ke atas kehilangan tenaga
dalam setahun untuk kabel solar yang standard. Lebih penting, selain daripada
menggunakan kaedah konvensional untuk penentual saiz kabel solar, kajian ini
memperkenalkan kaedah baru untuk memilih muatan optimum kabel solar untuk sistem
photovoltaic (PV) yang berhubung dengan grid. Kaedah ini mengambilkira kos
kehilangan dan pelaburan kabel solar sepanjang hayat teknikal kabel. Kertas kajian ini
juga membincangkan kesan-kesan penggunaan data lapangan sebenar berkaitan sinaran
data resolusi masa ke atas pengiraan kehilangan tenaga, dan juga pemilihan kabel solar
optimum. Di samping itu, tahap sensitiviti kadar tarif kemasukan yang berlainan
menunjukkan bahawa pembesaran kabel solar untuk sistem PV memainkan peranan
penting dalam pengurangan kehilangan tenaga, selain penjimatan wang dalam jangka
panjang. Hasil kajian juga menunjukkan sinaran data resolusi masa mempunyai peranan
penting ke atas pilihan optimum kabel solar dan pengiraan ekonomi sistem PV.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

As the fossil fuel is on the brink of depletion and its influence on the environment
(i.e. CO; emission), and as the electrical energy becomes increasingly on demand, the
world attention shifts towards finding resources of alternative renewable and
environmentally friendly energy. Photovoltaic (PV) has been recognized as a promising
renewable energy (RE) resource, based on the fact that the solar energy received by
Mother Earth is abundant (Ogimoto et al., 2013) (Denholm et al., 2013). The direct
conversion technology that leans on solar photovoltaics (PVs) boasts off some positive
attributes and it appears to be the most promising. People have become more optimistic
that solar PV systems will stand out as a primary means in coming decades (Kaushika and
Rai, 2006). In this regard, there are more grid-connected PV system installations set up all
over the world, from kW scale residential PV systems to MW scale utility solar PV farms.
The main drive comes from the strong regulatory support in the respective countries (Gan
et al., 2014). In Europe, for instance the combined target yielding a total expected PV
power generation capacity is 15 GW by 2020, and 30 GW by 2030 (Hdr.undp.org, 2015).
At the end of 2009, France kept its intention to multiply its solar power use by 400 in the
coming 12 years. This is a smaller fraction of the whole plan to double the share of energy
from renewable to 23% by 2020 to adhere with the European Union obligations as well as
to stay in rivalry with Germany which is regarded as the giant in European Union countries

(Solangi et al., 2011). Table 1 shows the anticipated development and installation of solar



photovoltaic electricity in the USA, Europe, and Japan as well as for the rest of the world

countries until 2030.

Table 1.1: Development and Installation of Solar Photovoltaic Electricity in Various
Countries (Hdr.undp.org, 2015).

Year USA (MW) Europe (MW) Japan (MW) Worldwide (MW)
2000 140 150 250 1000

2010 3000 3000 5000 14,000

2020 15,000 15,000 30,000 70,000

2030 25,000 30,000 72,000 140,000

The Malaysian government has established various energy-related policies in the
attempt to address the climate change and ensure energy security. Pragmatic energy
policies that have come into effect for the past thirty years have facilitated a clean energy
development path. The five-fuel policy was embedded in the 8" Malaysian Plan as the
extension of four fuel diversification policy, in which renewables as a fifth fuel have been
included. The 5% contribution of the country energy, coupled with RE by year 2005 was
targeted to reduce 70 million tons of CO, over a span of 20 years. Not only that, in the 9™
Malaysian plan the utilization of RE resources and efficient use of energy were highlighted
(Fayaz et al., 2011). Next, in the 10" Malaysian Plan, RE share is aimed to achieve 5.5%
of Malaysia’s total electricity generation mix, and can well escalate to 5.9% by 2030
(Epu.gov.my, 2015). Thus, the 2011 Renewable Energy Act has been enacted
(Seda.gov.my, 2015) and the Feed-in Tariff (FiT) scheme has been properly introduced in
2011 (Handbook on the Malaysian Feed-in Tariff for the Promotion of Renewable Energy,
2011). Those were the beginning of the years where Malaysia demonstrated strong growth
in the solar PV installation for both residential and commercial sectors (Muhammad-Sukki

et al., 2014). Table 1.2 illustrates the rough estimation of the RE potential in Malaysia by






