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ABSTRACT

Environmental concerns have been motivating increased interest in the use of
renewable energy sources as a result of diminishing of fossil fuel sources and the
negative effect it has on the environment. Photovoltaic (PV) energy system is a
renewable energy source with various applications and their implementation in
energy production and saving are well documented in various research and
applications. Installing these systems onto marine vessels or connecting it to marine
vessel power plant through external connections could prove to be an efficient way
of minimizing conventional fuel costs and simultaneously protecting the
environment by significantly reducing carbon emission. In order to understand the
technical and economic viability of using photovoltaic system for an offshore marine
vessel, it is vital to determine the optimal sizing of PV system, battery, inverter and
diesel generator. This project presents the proposed approach used in order to
optimally size the power system components of hybrid system such as photovoltaic
panels, inverter, battery and the conventional diesel generator. For this study,
MATLAB software is used to develop a program to perform the power production
calculation in order to meet the load demand pattern by utilizing power source from
PV panel and conventional diesel generators. Probabilistic method is used to analyze
the impact of random weather conditions to the sizing of the components. In
addition, economic analysis was performed to optimize the sizing of the PV panels
and batteries. Optimal sizing can save up to 1 percent of the Net Present Cost (NPC)
with engine fuel price taken into consideration when comparison is made between
100 kW and 500 kW sized hybrid configuration. The conclusion of this project is
that the developed algorithm is suitable to be used to optimally size hybrid diesel,
PV and battery system.
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ABSTRAK

Kebimbangan terhadap alam sekitar telah memotivasi minat yang lebih
mendalam dalam penggunaan sumber tenaga boleh diperbaharui akibat daripada
sumber kekurangan sumber bahan api fosil dan kesan negatifnya terhadap alam
sekitar. Sistem tenaga fotovoltan (PV) adalah sumber tenaga boleh diperbaharui
dengan pelbagai aplikasi dan implementasinya dalam penghasilan dan penjimatan
tenaga telah didokumenkan dengan baik dalam pelbagai kajian dan aplikasi.
Pemasangan sistem ini ke atas kapal laut atau menyambungkannya ke kilang
janakuasa kapal laut melalui sambungan luaran boleh menjadi cara yang efektif
untuk meminimumkan kos bahan api konvensional dan pada masa yang sama
melindungi alam sekitar dengan mengurangkan pelepasan karbon dengan ketara.
Untuk memahami daya maju teknikal dan ekonomi pengunaan sistem fotovoltan
untuk sebuah kapal luar pesisir , adalah penting untuk menentukan saiz yang
optimum untuk sistem PV, bateri, inverter dan penjana diesel. Projek ini akan
membentangkan pendekatan yang digunakan untuk memberi saiz yang optimum
kepada komponen sistem kuasa sistem hibrid seperti panel fotovoltan (PV), inverter,
bateri dan penjana diesel konvensional. Untuk kajian ini, perisian Matlab telah
digunakan untuk membangunkan program untuk melaksanakan pengiraan
pengeluaran kuasa untuk memenuhi corak permintaan beban dengan menggunakan
sumber kuasa dari panel PV dan penjana diesel konvensional. Kaedah probabilistik
akan digunakan untuk menganalisa impak keadaan cuaca secara rawak ke atas saiz
komponen. Tambahan lagi, analisa ekonomi telah dilakukan untuk mengoptimumkan
saiz panel PV dan bateri. Saiz yang optimum boleh menjimatkan sehingga 1 peratus
kos bersih semasa (NPC) dengan mengambil kira harga bahan api apabila
perbandingan dibuat antara sistem yang mengunakan 100 kW panel PV dan system
yang mengunakan 500 kW . Kesimpulan projek ini ialah algoritma yang
dibangunkan sesuai untuk digunakan untuk mengoptimumkan saiz diesel hibrid, PV

dan sistem bateri.
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CHAPTER 1

INTRODUCTION

1.1 Background Information

For the past few decades, there have been enormous amount of arguments
among scientific researchers and conservationists with regard to global warming
phenomenon. It is a known fact that rapid increase in the number of developing
countries, improved healthcare services and innovations in technology directly
correlates to increase in the energy demand increase. Increase in energy demand has
a major knock-on effect in the rise of global temperature and climate change
phenomenon for example the melting of glaciers in Antarctic which in return

increases the water level in oceans and causes low lying land to be submerged.

In addition, in the wave of modernization process across the globe, large
percentage of increase in energy demand is contributed by increase in energy
consumption in the form of electricity. Generation of electricity is still vastly
dependent on the combustion of fossil fuels such as natural gas, diesel oil, fuel oil
and coal which in return results in emission of greenhouse gasses such as carbon
dioxide, nitrogen oxide and ozone into the atmosphere. Carbon dioxide emission is
the leading factor to global warming across the globe. The growing demand for
energy directly increases the rate of pollution of earth, hence it is very vital that
energy is harvested using renewable energy that is clean environmentally to mitigate

and reduce the pollution caused by conventional fossil fuel combustion.



Considering that ASEAN Region is located near the equator, it receives
sunlight all year long and this makes solar energy to be a very viable alternative form
of energy to be generated in this region. Solar energy is considered as clean energy
because it only uses sunlight as its source of energy and it has zero greenhouse
gasses emission. The generation of power using photovoltaic cells is reliable, has a
very low cost of operation and maintenance and it involves no moving parts such as
those which is used in conventional power generation methods which requires

constant maintenance from time to time.

Apart from that, the operation of photovoltaic system is very silent and the
installation can be done very quickly. Although solar electricity has a lot of
advantages but it has its own drawbacks as well, production of solar energy is
intermittent depending on the weather, the capital cost of photovoltaic installations is

high and the efficiency of commercially available solar panel is still very low at 27 %

[1].

Although solar energy has its disadvantages but it is a very feasible way
forward in the field of renewable power generation as sunlight is available all year
round at zero cost from the context of energy source. Extensive research is being
actively conducted on improvising the efficiency of photovoltaic cells which directly

makes sunlight energy a more reliable form of energy.

It was found that a group of researchers from the Fraunhofer Institute for
Solar Energy Systems have managed to create a solar cell that can reach 44.7%
efficiency, and they are expected to continue the research to increase the efficiency

as well as commercializing their product for usage [2].

This project analyzes on the sizing of components in Hybrid PV, Battery

Storage and Diesel Engine power system for a marine FPSO vessel.



1.2 Problem Statement

The huge consumption of fossil fuel in order to produce electrical energy has
caused visible damage to the environment in various forms. The effect of climate
change such as global warming and depletion of natural resources is a major concern
that is being faced by the world. These concerns have become the driving factor in
encouraging the world towards reduction in conventional energy consumption and

exploration of renewable energy such as solar power.

Although solar energy is abundant, the output from PV panel varies and this
fluctuation relies upon few factors such as sunlight irradiation and solar cell
temperature. Sunlight irradiation and cell temperature depends on the environmental
condition and weather which is intermittent. [3] Intermittency of PV panel output
causes it hard to be installed without any storage element within a marine vessel
power system which already has conventional diesel engine. Due to the concern
mentioned earlier, storage elements and the PV panels need to be sized optimally in
order to minimize potential of loss of power supply or blackout scenario, in addition

to concern on cost.

Besides that, unlike common design for land based application which allows
small percentage of loss of load probability to be accepted, marine vessel requires
minimal loss of load probability due to the possibility of the vessel being drifted
away from the operating position if the vessel is in dynamic positioning mode of
operation.[4] Without proper consideration of the sizing of the diesel engine, PV
panel and storage element such as battery, it might lead to insufficient power to cater

for the load demand during vessel operation.

In this project, optimal sizing of PV array and Battery Storage in Hybrid PV,
Battery Storage and Engine system of an FPSO is determined by using loss of load
probability algorithm in order to meet the required vessel load demand based on

sunlight irradiation and ambient temperature at Kota Kinabalu, Sabah, Malaysia.



1.3 Project Objective

By referring to the problem statement stated in subchapter 1.2, this research

was performed with several meaningful objectives as stated below:

i.  To optimize the size of PV and Battery Storage within the PV-
Battery-Diesel Engine power generation system based on the marine
vessel power consumption and weather pattern by using loss of load

probability algorithm.

ii.  To develop and design the proposed loss of load probability algorithm
for optimal sizing of PV, Battery and Diesel Engine Power System in

MATLAB.

iii.  To simulate and analyze the Hybrid PV-Battery-Diesel Engine power

generation system simulation result

1.4  Project Scope

Based on the objective mentioned in subchapter 1.3, the scope of work of this

project report is clearly elaborated as stated below:

This paper focuses on standalone PV-Battery-Diesel Engine Power system
model only. Based on existing offshore vessel design, it is possible to connect vessel
power system to shore power supply or offshore power generation plant, however

this study covers standalone PV-Battery-Diesel Engine power system.

1. The focus of this study is on optimal sizing of PV Array size and
Battery storage based on fixed diesel engine size only using loss

of load probability method. It does not cover detail study on



il.

inverter, charge controller or other elements within the vessel

power system.

The load pattern used in this study is based on Floating,
Production, Storage and offloading Vessel (FSO) Power Demand
scenarios. Different marine vessel has different load demand
scenario’s, for example a drilling rig would have a very dynamic
and drastic load demand increase and reduction, in which the gap
between peak demand and base load is very huge. Where else, the
load demand pattern for FPSO is relatively very stable and the
increase in load demand is not very huge even though the

operation condition is varied.

1.5  Methodology

Based on the objectives stated earlier, the following work methodologies

have been planned:

il.

A literature review of optimal sizing of Standalone Hybrid Diesel
engine-PV-Battery was carried out. All the information extracted
as part of literature review was obtained from conference
publication, journal papers, articles from internet and electronic
books from internet and UTM digital library. The electrical
modelling components were reviewed. Suitable application within

each reference was extracted.

A detail and thorough literature review of optimal sizing and
standalone power system was performed. In order to propose
optimal sizing algorithm, the existing flowchart and formulation
have been analyzed. By having in depth literature review, it

provides a good theoretical understanding about standalone hybrid



design considerations need to be taken in order to develop the

algorithm.

1. A new optimal sizing of Standalone Hybrid Diesel Engine-PV-
Battery algorithm was developed using MATLAB m-file.

iv. Verification of proposed optimal sizing of Standalone Hybrid
Diesel Engine-PV-Battery algorithm was performed by comparing
the result output against HOMER software output, which is a

sizing and cost optimization software available in the market.

1.6  Project Report Structure

Chapter 1 explains the introduction of Solar Power System. It consists of the
problem statement of this study, the key objectives of this report, the scope of this
project and the methodology that was applied in completing this project report.

Chapter 2 presents the fundamentals of standalone and grid connected
photovoltaic system, in addition to the types of PV Panel, energy storage, diesel

engine and inverters.

In Chapter 3, the mathematical modeling of the different component of the
overall standalone power system is described in detail. First and foremost, it covers
PV Panel, battery and diesel engine modelling. Apart from that, this chapter
describes the cost analysis that is utilized to perform the study.

This chapter also covers the data collection method such as load demand data

and solar irradiation data.



Chapter 4 starts with simulation result output and detail discussion. The
hybrid marine vessel optimal sizing simulation output result was presented and

discussed upon.

Chapter 5 draws the conclusions for the work undertaken and few possible

suggestion works for future work are highlighted as well.

Lastly, Chapter 6 shows the project management for this project report works
the. The details of the task that have been planned and carried out to make this

research a success is highlighted too.
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