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ABSTRACT

Generally due to the strategic equatorial region, Malaysia is advancing into solar
energy as a replacement of alternative source for an electrical energy production to
meet the escalation load demand. Thus, the integrated hybrid system like PV-Genset
set system are developed to generate power to meet load demand where it can be
fitted into its local geography and others according to specification. However, this
does not guarantee the hybrid system to generate power optimally as weather
conditions (solar insolation, temperature and others) changes periodically and
influence the power generation and the power dispatch to the load. Therefore, the
hybrid system does not operate at the optimal state and without a proper dispatching
controller it may lead to over stress one or the other hybrid system component causes
frequent wear and tear with higher maintenance cost to the system. In order to curb
this situation, the hybrid system requires a specific approach along with a controller
to search and to dispatch the hybrid PV-Genset system generated power at the best
potential optimal state. A Bio-Heuristic approach can be applied to determine the
optimal power generation while a dispatch controller dispatches the electric hybrid
power system to the load demand. The aim of this research is to implement the
selected bio-heuristic approach such as Particle Swarm Optimisation (PSO) while
Fuzzy Logic is used as a dispatch controller for a small scale hybrid PV-Genset
system. The simulation of the hybrid PV-Genset system modelling is simulated using
two types of tropical weather conditions (sunny and rainy). From this research,
simulation results are obtained and series of analysis is conducted using
MATLAB/SIMULINK. Through the analysis, results have shown the contribution of
-each hybrid system component opérates at the optimum level while power is dispatch

to the load based on the hybrid system capability.
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CHAPTER 1

INTRODUCTION

Photovoltaic-Generator set hybrid system is one of the most common integrated

_: er generation system used widely in most countries. Furthermore, it is also
ynmental friendly towards nature. This chapter provide the general information
his research with brief explanation in each section. The respective sections are

[divided as project background, problem statement as well as the objective and scope

@f this research.

pProject background

Woncemsior:conserving and minimising the impact on the environment are

rowing. Interests on environmental issues are increasing and ideas on



developing green technology for power generation application purposes have attracted
the attentions of many countries. Solar photovoltaic (PF) system generates
pollution-free electricity and its solar energy is available at no cost, unlike
conventional generation system that using fossil fuel. The advantages of renewable
energy such as solar, wind and tidal energies are sustainable and eco-friendly but
however harnessing its energies leads to a major drawback due to the inconsistency as
it fluctuates in nature. Therefore integration with other power generation sources such
as diesel generator is required to obtain a reliable and stable power supply system [1].
Climatic condition and fluctuation of solar insolation are the major setback for

PV power generator system. It completely disappears when nightfall arrive. As a

result, a standby generator set is required to integrate with P} system as it meets the
load energy demand at various conditions. Sizes of a diesel generator are available in
: wide range from 14# to several hundred kilowatts. Furthermore, it is commonly
known for its required back-up power supply operation and thus, it is widely use in
either small or medium range size of power generation as an electrical energy
';dﬁction scheme [2]. Diesel generator is meant to operate during high load demand

| simultaneously charging the storage battery to reach the highest generation



temperature rises, the lower open circuit voltages effect the power generation. The
power output increases with a steep gradient which is almost proportional to the solar
radiation depending to the cell temperature of the system. Other adverse performance
of the PV arrays could be affected by aging of the system, dust and mechanical damage
[51.

As the solar radiation varies with time, such as year, month and hour, the
insolation Ievel needs to be forecasted to make full use of the solar energy. Likewise, a
certain method is needed to develop in order to optimise the power generation of the
PV system under various condition. Then, a certain optimal power dispatching
strategies is required when the hybrid system is used to supply energy to some random
 load. Therefore, this research presents a method of optimisation and dispatching power
strategy for PV-Genset hybrid system using bio-inspired approach. The general

overview of this research is illustrated in a block diagram shown in Figure 1.1.
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1.2 Problem statement

Even though PV-Genset hybrid system are classified as one of the reliable renewable
systems in power generation, yet improvement are still attain from time to time. The
main concern of this system is power optimisation and random load dispatch strategy

; under various operating conditions.

% Power optimisation plays an important factor in a hybrid system because it

L

reflects the performance and the generated power efficiency of the system. Without

this consideration, the maintenance of the hybrid system components is costly due to
no alternate operation between the PV and the generator set under various conditions
[1]. Generators set are meant to operate during high load in order to attain the
aximum power generated efficiency. If the operation period is longer during high
ad, the generator achieves the best efficiency, fuel consumption reduction [3] and
equency of generator start is minimised. If this is not considered as well, this will
ad to battery wear [6] and the system lifecycle will be shortened [7-8].

- Likewise, the problem gets complicated for a hybrid system to operate under

neertain renewable energy supplies and load demand. This is because the optimal

and load demand. Power dispatch system refers to a control system

f supplying consistent power depending on the system components ability



Therefore, the importance of this research is to optimise the power using
bio-inspired approach and dispatch the power to the load based on the hybrid system

parameters such as the efficiency and cost.

1.3 Research objectives

The major objective of this research is to propose an integrated scheme for optimal
power dispatching and utilisation of the PV-Genset hybrid system with random load.

Its measurable objectives are as follows:

1) To forecast the solar insolation using artificial intelligence (A47).

2) To develop a control algorithm that will dispatch the optimal power of the

PV-Genser hybrid system with battery storage and supply power to the load.

3) To analyse the parameters that influence the performance of the PV-Genset

- hybrid system.
Research scopes

t for any single research work under a given time frame to cover all the
to the optimal power dispatch of the hybrid PV-Genset system using

_ pproach. Therefore, this project will focus on certain parameters of the

Syslemy



1) The solar insolation, temperature and other collected data are carried out

nearby the placed solar panel at UTHM electrical power laboratory about 12

hours long from 7 am to 7 pm.

2) The control module design is based on the inter-operation of PV-Genset hybrid
sys"tem components capability and ability while dispatch the optimal generated

power to the load demand.

3) The conducted analysis is for a small scale PV-Genset hybrid system where
each parameter is analyse such as the system components operation
characteristics, the diesel generator power and the fuel consumption level, the
energy gap production, the power feed of the storage battery and the excess

power contribution of the PV generator supplied to the load.

Thesis Outline



helps to elaborate and understand the possible improvement of the hybrid system in
detail.

Chapter 3 explains the implementation of the optimal power tracker using
artificial neural network (ANN) and particle swarm optimisation (PSQ). The
approach begins with the explanation of the artificial neural network used as solar

insolation forecast. Then, the forecasted data is implemented to search the optimal

photovoltaic power using particle swarm optimisation algorithm. MATLAB is used
as a simulation tool in both approaches.

Chapter 4 describes the modelling of the hybrid photovoltaic-diesel generator
~ set system using fuzzy logic controller (FLC). The hybrid system modelling is
leveloped for real time simulation using both approaches in Chapter 3. Each of the
ysterm component and the dispatch strategy is given in details. SIMULINK is used
s-a simulation tool to verify the PV-Genset system modelling.

Chapter 5 expound the simulation results, analysis and discussion of the

id PV-Genset system. This chapter discuss the characteristic behaviour on how
thedtiybrid system adapt with the various operating condition. Then, each hybrid
emrcomponent is analysed and review using a define parameters.

ast but not least, Chapter 6 presents the research conclusion and

ndation for future works. This chapter concludes the research work along

v th e future recommendation for further improvements.

RRRERCateX he objective and scopes are asserted to specify the goal and the



limitation of the research work. Finally, the thesis outline is included as it explains

the general overview of each chapter for the ease of the reader to aid the clarity of the

research work.




CHAPTER 2

REVIEW OF AN ABSTRACT ACCOMPLISMENT / LITERATURE
REVIEW

chapter provides detail information of previous research and development of
Genset hybrid system that has a paramount impact in the engineering society
ay. Thus, this chapter forms the backbone of this research as it contributes the
tal information needed for improvement. The chapter sections are described as

troduction, solar insolation forecasting, hybrid PV-Genset system and summary.

21 Introduction

Malaysia is one of the tropical countries in Southi East Asia and is blessed with

abundance of sunlight. Due to its strategically situated on the equatorial region, the
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country experienced only two monsoon seasons and approximate 6 hours of sunshine
per day [10]. Based on the average scale of solar insolation receives in Malaysia, it is
ranges between 4.21 kWh/m? to 5.56 kWh/n? [10]. As for the ambient temperature, it

remains uniformly through the year as it average scale ranges between 26°C to 36°C

[10]. Therefore PF-Genset system is viable in Malaysia for electrical production
scheme if corresponding study and research dn climate condition are considered
despites on the system cost.

As the result of the increasing demand of electrical energy, there are numerous
researches on hybrid PV-Genset power generation system. Most of the hybrid
PV-Genset system improvements are made based on the discovery of the uncertain
: ctors of hybrid systems operation such as climate, operation and maintenance which
rupts the electrical energy production scheme. Next section discusses the

erence, gap and importance of this research based on the different approach

filagdeneroy is utilised as electrical energy conversion production scheme for power
gt euspurposes. This solar energy is also known as solar insolation as it is
mstiedithirough the suns energy that shines on the surface of the earth during a

e. Solar insolation data is important as it illustrates the pattern of the

RIS .
ERicasurement because there are existences of only few meteorology

RQUESIdata [12-14]. Due to the solar insolation pattern changes periodically
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and demand growth on solar energy, moedelling and forecasting is essential. Likewise

solar insolation forecasting, maximises the usage of solar energy [5] as it improve the

operation control for solar energy harvesting and energy optimisation [12] in PV
system.
= Artificial Intelligence (4]) is a biological technique that is adopted from
Jiving creatures and has been applied in many areas in stand-alone and hybrid PV
ems. A7 such as artificial neural network (ANN) is one of the most common
ccessfully method applied in modelling and forecasting of solar insolation data as
o‘,l'curb the non-linear meteorological condition [14]. Hence, ANN is effortless
plied by most researches on this application in order to study the change of solar
i - vlation throughout a potential location on solar energy. The following subsection
explains further on the forecasting application using ANN in correspond with the

Iselected previous works of few researches in different areas applied.

‘tificial neural network (4NXV) in solar insolation forecasting

Imfthelhuman brain lies the central component of the human nervous system which
Gansisisibillions of neurons [15]. These neurons are interconnected trough synapses
23 1® sh a communication link in between. The structure of each neuron
grupmsesiof a body, an axon and dendrites. Each structure plays a significant role of
:transmitting signals in a human brain. The functions of dendrites are
ming signals from other neurons. Then this signal is combined in the
ansmitted through an axon. Finally, the axon releases or generates a

Jeounection with the other neurons [15]. Figure 2.1 illustrates the biological

gnimcdelly
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y Quiput Signals
{ From Other
3 Axons

Axon Terminals

Eigure 2.1: The biological neuron [15]

ANN mimics the human brain biological nervous system [15]. There are five
ents in an artificial neuron such as inputs, weights, summing function, activation
ion and output [15]. Each function of the ANN imitates the four important
bivlogical operation of the human brain. These operations are to receive input signal
fromtother neurons, combine them, execute the information process and produce an

ne_'sult [12] as shown in Figure 2.2,

Axon
hillock Axon

1 4 brings neuron output ¥ /

qEskhelchieapest method that uses a certain input parameters such as latitude,

Muliitidetatid sunshine duration [11], sunshine ratio [12], mean daily solar
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jrradiance, mean daily air temperature, day and month [13], sunshine accuracy and

mean average temperature [11]. Multi-Layer Perceptron (MLP) is preferable in most
solar insolation modelling and forecasting [13] due to its well-known feed-forward
structure.

| MLP network has different connection styles and learning algorithms as it is
“adapted to its structure and convergence time. There are two types of le-aming

J |gorithm, supervised and unsupervised [11]. With supervised learning, weights in
network are adjusted to produce the desired output [11]. On the contrary,

A upervised learning does not depend on the target data to achieve the desired
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network. Hence, as the results from their research shows that RBF outperformed

MLP as average mean absolute percentage error (MAPE) for RBF, 10.1 is lower than

MLP, 12.6. Moreover, empirical regression model such as Angstrom (1924) and
Rietveld (1978) does not surpass RBF as it gives a better result {10].

Atsu S.S. Dorlo, Joseph A. Jervase, Ali Al-Lawati, (2002)[11], proposedlboth
MIP and RBF network to compare the performance of the solar radiation estime{tion
/ first estimating the clearness index. The input network parameters are taken from
ght different stations in Oman. Their results have concluded that both network
rformed well based on root mean square error (RMSE) as RBF error ranges from
to 10.08 MJ/m’/day, while MLP error ranges from 1.01 to 9.41 MJ/m*/day.
sequently, they concluded that the best MLP network uses 3 hidden layers due to
al mean and standard deviation of the root mean square errors. As their

conclusion, RBF is the best network due to less computation time [11].

EldenYayers as the first contains 11 neurons and the second contains 17,
RSN/ 4 ). As their results, the coefficient of determination, (R%), for sunny

il anoes from 0.95 to 0.99 while cloudy weather ranges from 0.92 to0 0.97. In

RN D1 and MATLAB is compared to determine the results accuracy.
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In MATLAB simulation, the best architecture obtained resulted 98%, coefficient of

determination comprise of a single layer with 9 neurons. On the other hand in VHDL
environment, the data is coded in 18 bits fixed point and simulated in (MODELSIM)
which gives an acceptable result. As a conclusion, they remark a good agreement
5betwecn the data simulated from MATLAB and VHDL simulation environment [ 13].
: Moénica Bocco, Gustavo Ovando and Silvina Sayago, (2006) [14], developed
ck-propagation type neural network to estimate the solar radiation. Three layer
ork and five neurons in the hidden layer is use to simulate 8 types of forecast

1t models, M1-M8. The estimation result indicates the root mean square error

ing between 3.15 to 3.88 MJ m™ d”. The 14 hours cloudiness records of the

8 models result a pertinent error in estimation in each model. On contrary, the
ture and precipitation information of the M3 and M4 model result a greater
the estimation and the difference are irrelevant to each model. M1 and M2
the best estimation results as the model present a better adjustment. In the

e] observation result, the underestimation percentage reaches 15% when the

R dedk

t-the standard back-propagation gives a better result with slow

ol . .
g an the momentum back-propagation as the mean relative error

R85 and 10.12% each [15].
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2.3  Hybrid P V-Genset system

he hybrid PV-Genset system fulfils the objective and electricity demands to the
tonsumers while conserving the nature, the environment and the system itself. In
ral, hybrid PV-Genset system is the integrated PV system with another form of

fossil fuél driven power generation system as back-up supplementary power

id system as well [19].

Hybrid PV-Genset system is the combination number of electrical power

ses of hybrid PV-Genset system, it offers a clean and more

ient power than sole diesel generator system. Ultimately, it serves
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i Hybrid PV-Genset system components

d PV-Genset system consist of photovoltaic array system (PVA4), battery storage
m and generator set. These are the main components that provide electrical power
i@ @_ load. In order to operate efficiently, all of these components must operate under
Bllfconditions. Power condition unit such as switching power converters and inverters
anelalso important as it is used to accomumodate the variable nature of power output and
nt malfunction of the hybrid system. These components will be explained further
imM{Chapter 4. Hence, in this subsection the theory of various system development and

rangement for different approaches in parallel of other researches previous work is

3.1.1 Photovoltaic array (PVA4) system development and arrangement

Solar cells are the fundamental element of the photovoltaic system (P¥) which

converts sunlight or solar energy directly to electricity. A solar cell consists of a

sitive and negative (P-N) junction formed in a semiconductor material [21]. They

are much similar to any solid-state electronic devices such as diode, transistors and

: integrated circuits. Generally, solar cells are manufactured into PV modules for

practical operations [22]. Various semiconductor materials give a different efficiency

and cost. Thus, silicon is oné the most common semiconductor material used in solar

. cells. There are several types of solar ceils made from silicon such as

| mono-crystalline silicon (¢-S7), poly-crystalline silicon (poly-S7) and
amorphous-silicon [21].

Solar cells comprise of P-N junction that are fabricated into a thin wafer or

layer of silicon material. During the dark, the current-voltage (I-F) output
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characteristics of a solar cell has an exponential characteristics same as diode [21].

When the solar cells is exposed to solar energy, it creates photons with energy

i
B
B

greater than the semiconductor band gap energy causing an electron-hole pair where

the electrons are knocked loose from the atoms in material. These electrons are
carried away under the influence of the internal electric fields of the P-N junction
and create current proportional to the incident radiation. During the short circuited
solar cell, the current flows in the external circuit while as for open circuited solar
cell, the current is shunted internally by the intrinsic P-N junction diode. Therefore,
ese diode characteristics set the open circuit voltage characteristics of the cell.
During electron-hole pairs are formed, the electron charges reach to the
ighbouring junction, causing the electric field in the depletion region push the
les into the positive side (p-side) and push the electrons into the negative side
(rzside) as shown in Figure 2.3. Each of the p-side and n-side accumulates holes and
electrons creating a voltage in between the load and conducts current. If the electrical
SO tacts are attached to top and bottom of the cell, the electrons drift out from the
 into the connecting wire, through the load and back to the p-side as shown in
.3. Since wire cannot conduct holes, the electrons move around the circuit.
efore, the positive current flows in the opposite direction of the electrons where
ent goes from the p-side to the load and back into the n-side. In general, the

ional current flows in the opposite direction from the electrons.

tration of the p-» junction in the solar cell of the PV system
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In electrical energy production schemes, solar cells are mass-produced into

tovoltaic modules which are integrated into DC power-producing unit

---------

R 'i‘he Photovoltaic hierarchy from cell to array [23]

Baes ! eration of the PV system. Thus, there are solutions and studies proposed by

Gthegresearches on improving the systems output power generation is followed.
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VSI control arrangement subsystem [2]. Rodolfo and José L. ,

d a method to harness the sun energy by using Rietveld equation
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program to predict the average clearness index for each month of the year based on the

radiation on the horizontal surface and peak sun hours as the data input. Then, the

& Juthor uses Graham model program to compute the average clearness index to

bally hour irradiation G (kWh/m’). Thus, the PV4 system output power generation

en calculated based on the solar irradiation computation data [4]. James, Wang

Eddy, (2004) [5], proposed that the PV4 output power generation is computed
m number polynomial approximation function of array voltage. This is because

filig E,efﬁcient of m order polynomial is easily obtained through the curve fitting as it is

I 1.: on the efficiency of PVA4 power generation under operation condition such as

imsotation level cell temperature, fault level of PV array and output voltage level in

rage system development and arrangement

RESgsYstem is important in the design of hybrid system as it is not only to

BPUSit:150 stores the excessive electrical energy when the loading is at

QIhechte several types of storage battery are use in hybrid system

BC bium-ion, Nickel cadmium and Lithium Polymer. Each type of
0o i particular characteristics. Batteries come in variety of

EYCanTiouration [20]:
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(2) Lithium and Lithium-Ion

It is the most expensive batteries in hybrid system and often used in many electronic

circuits. This battery has the highest “energy density” of almost any other

commercial battery as it can retain charge for months or even years, but expensive.

(b) Lithium-Polymer

It is often designed to suit the space available. Initially the cell behaves well, but
tends to lose its capacity fairly rapidly on cycling. But however, the cycle-life is
improved by operating over a narrower voltage range. The drawback is that the cell

E hasto operate in the temperature range 80 to 120°C which limits jts application.

{¢) Nickel-Cadmium or “Nj-Cad”

This battery is known for being rechargeable, Inexpensive, easy to obtain and often
'i used in vehicles and industrial applications. However, it contains highly toxic
material which is harmful to the environment. Despite from its toxic substantial, it is
commonly consider for applications that requires high current drain, Jong cycle-life
._ and wide temperature range during constant power discharge. Nevertheless, this
battery does not last long as alkaline and zinc batteries due to slow overnight

F recharge, relatively high self-discharge rate and memory effect.

(d) Lead Acid

: Well known as rechargeable battery and most effective application in many
-E PV-Genser hybrid system and uninterruptible power supplies buildings. Although

1 this type of battery is heavy and bulky yet it is economical, compact, powerful and
_;7 Casy to get.
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In hybrid power system applications, storage batteries are require to

withstand several charge/discharge cycle, a low self-discharge rate and less

maintenance. The capacity of the battery is expressed in ampere hour (4%) where it is

the total amount of electricity that is drawn from a fully charged battery at a
discharge rate and electrolyte temperature until the voltage drop at a specified
minimum [20].

| In natural occurrence of the battery, its efficiency and capacity deteriorates as
eing take place as time passes [3]. This is due to the varying temperature of the
envuonment [20] and the alternate operation of charging and discharging from the
battery which affects the battery lifecycle. Therefore from the ensued of other
previous works, life cycle of the battery storage system is crucial as it can minimise
e'_st and prolong the hybrid system operation. Yasuharu Ohasawa, Shin-ichi Emura
-Kenji Arai, (1993) [3], uses the battery state of charge (SOC) as hourly sample
iinn:;' that is digitised into 100 steps in between 0.3 to 1.0. The SOC of the battery is

£ %-the battery as it also minimises the fuel consumption of the generator [3].

-~ il . and José L. ,(2004) [4], and G.C.Seeling-Hochmuth, (1997) [9], uses the
sl f_acher battery model method to monitor the efficiency of the storage battery.
use SOC to specify the limit range of the battery charging and

rate (77) depending on the battery manufacture. Thus, the limit ranges of
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2.3.1.3 Generator set system development and arrangement

Generator set often used as a backup generator or secondary power supply
corporated to any hybrid system. This is because it is reliable and available in small
edium size power applications [2]. Diesel generator is one of the most common
' nerator set used in many places without connection to the power grid, as
;gency power-supply if the grid fails. The system consist of the combination of a
: engine with an electrical generator (often called an alternator) to generate
cal energy. In order to maintain its physical condition of the diesel generator
Operating cost and maintenance cost are the standard criteria and indicators to
he system. Operating cost of the diesel generator is controlled by its fuel
tion as its maintenance cost is depends on the number of the operating hours
' ading of the engine [20]. Therefore, frequent starting of the diesel generator
qreases both operating and maintenance cost due to the mechanical wear on the
Likewise, to improve the efficiency of the generator set in supplying
commended to operate on full load while fuel consumption is reduced
[minimises the wear on the engine.
@@ eeling-Hochmuth, (1997) [9], uses (Morris, 1988) approach for
sel generator operation regarding on fuel consumption reduction. This
-' s that the user need to enter the data points for each type of diesel
ding on the entered fuel consumption scale as to understand the fuel
1 based on diesel generator size. They concluded that diesel
gERates efficiently in high load simultaneously reduces fuel consumnption
galenance (9], C.Dennis Barley and C.Byron Winn, (1996) [6], assume

QRieli consumption is a linear function to its output power generated

ERer at full load while approaches infinity at no load [6].



[2]

(3]

[4]

(]

[6]
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