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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

The use of renewable energy increased greatly just after the first big oil crisis in the 

late seventies. At that time, economic issues were the most important factors, hence 

interest in such processes decreased when oil prices fell. The current resurgence of 

interest in the use of renewable energy is driven by the need to reduce the high 

environmental impact of fossil-based energy systems. Harvesting energy on a large 

scale is undoubtedly one of the main challenges of our time. Future energy 

sustainability depends heavily on how the capacity of renewable energy is 

improved in the next few decades.  

Although in most power-generating systems, the main source of energy (the fuel) 

can be manipulated, this is not true for solar and wind energies (Valenzuela, et al, 

2004). The main problems with these energy sources are cost and availability, wind 

and solar power are not always available where and when needed. Unlike 

conventional sources of electric power, these renewable sources are not 

“dispatchable”—the power output cannot be controlled. Daily and seasonal effects 

and limited predictability result in intermittent generation. Some manufacturers has 

released products to facilitate the integration of renewable energy but the 

researcher is examining ways of improving the capacity of renewable power 

system using solar power panel (Camacho et al, 2007).  

Industry must overcome a number of technical issues to deliver renewable energy 

in significant quantities. Control is one of the key enabling technologies for the 

deployment of renewable energy systems. Solar power requires effective use of 

advanced control techniques. In addition, reliable electric supply cannot be 

achieved without extensive use of control technologies at all levels.  

Solar power plant exhibit changing dynamics, nonlinearities, and uncertainties—

challenges that require advanced control strategies to solve effectively. The use of 

more efficient control strategies would not only increase the performance of these 
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systems, but would increase the number of operational hours of solar and wind 

plants and thus reduce the cost per kilowatt-hour (KWh) produced.  

The solar have tremendous potential for fulfilling the world’s energy needs (White 

House, 2010).  

One of the greatest scientific and technological opportunities researchers are faced 

with is approaches to developing efficient ways to collect, convert, store, and 

utilize solar energy at an affordable cost. The solar power reaching the earth’s 

surface is about 86,000 TW. Covering 0.22% of our planet with solar collectors 

with an efficiency of 8% would be enough to satisfy the current global power 

consumption. Estimates are that an energy project utilizing concentrating solar 

power (CSP) technology deployed over an area of approximately 160 x 160 km in 

the Southwest U.S. could produce enough power for the entire U.S. consumption.  

Solar-sourced electricity can be generated either directly using photovoltaic (PV) 

cells or indirectly by collecting and concentrating the solar power to produce 

steam, which is then used to drive a turbine to provide the electric power (CSP).  

Concentrating solar thermal systems use optical devices (usually mirrors) and sun-

tracking systems to concentrate a large area of sunlight onto a smaller receiving 

area. The concentrated solar energy is then used as a heat source for a conventional 

power plant. A wide range of concentrating technologies exists, the main ones 

being parabolic troughs, solar dishes, linear Fresnel reflectors, and solar power 

towers. The primary purpose of concentrating solar energy is to produce high 

temperatures and therefore high thermodynamic efficiencies.  

Parabolic trough systems are the most commonly used CSP technology. A 

parabolic trough consists of a linear parabolic mirror that reflects and concentrates 

the received solar energy onto a tube (receiver) positioned along the focal line. The 

heat transfer fluid is pumped through the receiver tube and picks up the heat 

transferred through the receiver tube walls. The parabolic mirror follows the sun by 

tracking along a single axis. Linear Fresnel reflectors use various thin mirror strips 

to concentrate sunlight onto tubes containing heat transfer fluid. Higher 
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concentration can be obtained, and the mirrors are cheaper than parabolic mirrors, 

but a more complex tracking mechanism is needed. 

  

1.2 Statement of the Problem 

The uncertainty and intermittency of solar generation are major complications that 

must be addressed before the full potential of this renewable power system can be 

reached. The researcher provides an overview of a solar power panel with an 

evolution of electricity networks toward greater reliance on communications, 

computation, and control which is a way aimed at improving it.  

The application of advanced digital technologies (i.e., microprocessor-based 

measurement and control, communications, computing, and information systems) 

which are expected to greatly improve the reliability, security, interoperability, and 

efficiency of the electrical grid, while reducing environmental impacts and 

promoting economic growth will be considered.  

 

1.3 Objectives of the Study 

The following are the objectives of this study: 

1. to provide an overview on renewable power system and its capacity. 

2. to examine ways of improving the capacity of renewable power system using 

the solar power panel. 

3. to identify the limitations of solar power system 

 

1.4 Research Questions 

1. What are renewable power system and its capacity? 

2. What are the ways of improving the capacity of renewable power system 

using the solar power panel? 

3. What are the limitations of solar power system? 

 

1.6 Significance of the Study 

The following are the significance of this study: 
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1. Findings from this study will educate students on renewable power system 

with emphasis on solar power system. 

2. It will educate researchers on methods of improving the existing solar power 

technology. 

3. This research will also serve as a resource base to other scholars and 

researchers interested in carrying out further research in this field subsequently, if 

applied will go to an extent to provide new explanation to the topic. 

 

1.7 Scope/Limitations of the Study 

This study will cover approaches at improving the existing solar power technology 

with a view of optimizing the operation of the system and minimizing 

environmental impacts. 

 

Limitation of Study 

1. Financial constraint- Insufficient fund tends to impede the efficiency of the 

researcher in sourcing for the relevant materials, literature or information and in the 

process of data collection (internet, questionnaire and interview). 

2. Time constraint- The researcher will simultaneously engage in this study 

with other academic work. This consequently will cut down on the time devoted 

for the research work. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1   Introduction 

 

This chapter gives an insight into various studies conducted by outstanding 

researchers, as well as explained terminologies with regards to improving the 

capacity of a renewable power system, using solar power panel. The chapter also 

gives a resume of the history and present status of the problem delineated by a 

concise review of previous studies into closely related problems. 

 

2.2   Solar Panel  

Solar panels are devices that convert light into electricity. They are called "solar" 

panels because most of the time, the most powerful source of light available is the 

Sun, called Sol by astronomers. Some scientists call them photovoltaic which 

means, basically, "light-electricity"[6]. The solar panel can be used as a component 

of a larger photovoltaic system to generate and supply electricity in commercial 

and residential applications [7]. There are different types of solar panels are 

available in the market. For this classroom project its preferred to use the mono 

crystalline silicon solar panel, of 100 watts, nominal voltage (Vmp) 17.2V, nominal 

current (Imp) 5.8A, open circuit voltage (Voc) 21.6V, short circuit current (Isc) 

6.46A, number of cell 36, weight 8.65 kg, power tolerance 3%.  

 

2.2.1 Mon crystalline silicon solar panels – The Most Efficient 

 These are also known as “mono silicon” or “single silicon” panels and are the best 

in terms of efficiency. Because they’re more efficient than other types of panels, 

you don’t need as many panels to generate the same amount of electricity. That 

makes them especially useful in certain cases, like when part of your roof is shaded 

and you have a smaller surface area to work with. 
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2.2.2 Polycrystalline silicon panels – Less Efficient but Less Expensive  

This type of panel doesn’t contain as much silicon as mono crystalline panels (that 

isn’t at all apparent from the name, which means ‘many’ vs. mono, which means 

one). They’re also called multi-silicon, multi crystalline, or ribbon panels. Since 

they don’t have as much silicon, they’re a little less efficient, though other aspects 

of their design can help improve efficiency. They’re usually a little less expensive 

than mono crystalline panels. 

 

2.2.3 Building integrated photovoltaic (BIPVs) – The Most Expensive  

These are designed to be part of a building, rather than something that’s added on. 

Solar shingles are one example of BIPVs; they’re made to look like regular roofing 

tiles (sometimes called ‘solar roofing tiles’), which some people prefer. 

Unfortunately, they’re very expensive, and much less efficient than other types of 

solar panels. They also don’t last as long. Because other types of solar panels are 

better options right now, BIPVs aren’t as widely available as the other types of 

solar panels. 

 

2.2.4 Thin film panels – Prepare to cover everything  

This type of panel uses thin, light weight layers of a photovoltaic material (like 

cadmium telluride or amorphous silicon, for example). They’re cheaper than other 

types of solar panels and are better able to work in hot weather. They’re not 

efficient, so you’d need many, many more of them to make the same amount of 

electricity. They’re used in huge projects, like a 10MW plant in the desert near Las 

Vegas, but they’re not really the best option for someone’s household roof  

 

2.3 Controller Circuit  

A controller circuit will be considered the backbone of this thesis work. This 

controller limits the rate at which the current will be delivered to the loads. Here 

these loads were adjusted in such a way so that a full load power is drawn from the 

75 watts panel and power supply will keep on adjusting the rest of the required 
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current. This mechanism important because it will control the amount of current 

flow. For thesis prototype this device initially was not made as it requires more 

cost, so in place of it a charge controller was used without the battery port terminal. 

Its functions in the similar pattern as seen in several test results and give a good 

relevant output. Charge controllers are specified by both amperage and voltage. 

One will need a controller that matches the voltage of the solar panel array and 

battery bank (usually 12, 24 or 48 VDC). And one should make sure that the solar 

charge controller has enough capacity to handle the current (in amps) from the 

solar panel array [9]. For this prototype project it require a charge controllers of 

each 10 A, 12V, power 120 Watts. 

 

2.4 Solar DC stand fan 

 Fans are nearly ideal solar powered loads. It is specified of 15 watts, 12 V. They 

can run directly off DC, (as with all of the following products). Basically solar 

powered fans run when they are needed the most - when the sun is shining. During 

summer months, the attic temperatures can reach 150F. High temperatures cause an 

increase in temperature in the living space and an increase in energy consumption 

by air conditioning equipment. Forced ventilation will circulate cooler air through 

the attic space and lower the temperature. Fan and solar module combinations 

allow daytime ventilation and air circulation anywhere the sun shines. They are 

great for greenhouses, kennels, barns and attics where AC power is not available. 

The solar module runs the fan at full power in full sun and at a slower speed in 

overcast weather. Operation is automatic. When the sun shines on the solar module, 

the fan begins to operate [10].  

 

2.5 DC Led Tubes 

 Rapid developments in solar cells, LED lighting and energy storage are creating 

great opportunities for solar-powered solid-state lighting. Solar electric lighting 

systems do in fact connect to a truly "infinite" power source - the sun. However, as 

we all know, this source is intermittent. In the case of solar outdoor lighting, the 
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power source is inversely related to the load (the lights turn on when the sun goes 

down). This relationship leads to an important conclusion; the system must rely on 

energy storage (e.g. batteries), unless it remains connected to grid. LEDs produce 

directional beams of light, up to 90% of which is usable for ambient lighting and 

70% of which is useable for task lighting. For our purpose we planned to use led 

tube of 12V, rated power 3.5 Watts, rated current 290mA and luminous flux 330 

lm. Figure 2.6: DC LED Light There is a rising demand on the energy sector for 

rapid industrialization, urbanization, high population growth, increasing food 

production, rising standard of living etc. In this regard solar energy can play a vital 

role. To implement this system in our country we have to deal with its components. 

Thus we can make sure of an effective solar system.  

 

 

2.3 SOLAR CELLS 

Solar cell like the crystalline silicon based solar cell shown in Figure 1 above is 

a solid state semiconductor p-n junction device that converts sunlight into direct-

current electricity through the principle of photo-voltaic effect. The first 

conventional photovoltaic cells were produced in the late 1950s, and were 

principally deployed to provide electrical power for orbital satellites. During this 

initial deployment, excessive cost of manufacturing and poor efficiency of solar 

modules were some of the major challenges that limit their competitiveness as a 

major source for meeting the increasing energy demand that has continued till now. 

However, recent improvements in design, manufacturing, performance, reduced 

cost and quality of solar cells and modules have not only opened up the doors for 

their deployments in applications like powering remote terrestrial applications, 

rural electrification projects, battery charging for navigational aids, water pumping, 

telecommunications equipment and critical military installations, but has also 

propelled solar power system as a competitive means to meeting the ever 

increasing power need for the world economy. While the 
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focus of this thesis is improving the efficiency of a solar power system, it’s 

important to take some cursory, but refreshing look at the semiconductor physics 

of a solar cell. 

 

Basic semiconductor physics of solar cells: 

 

 

 

Figure 1.2: a (P-type), b (N-type), c (P & N type) Materials [1] 

 

 

P-N Junction: Solar cell is simply a PN junction device, like a diode that is 

forward biased with a photo-voltage. Based on this simple definition, it’s necessary 

to review how the PN-junction of a semiconductor diode functions. When a P-type 

and an N-type (Figure 1.2 above) semiconductors are interfaced together, PN 

junction is formed. The PN-Junction is the region or a boundary that is formed by 

doping or by epitaxial growth of a layer of crystal doped with one type of dopant 

on top of a layer of crystal. 

 

A dopant is a material (Impurity) that is intentionally introduced or mixed into an 

extremely pure (Intrinsic or un-doped - Crystal Silicon for example) semiconductor 

material for the purpose of changing or optimizing its electrical properties for 

specific application. A dopant could be n-type or p-type material. Thus, a P-type 

Doping is the introduction of impurity atoms with one less valence electron- (Like 
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Boron) than silicon (acceptor impurities), resulting in excess positive charge 

carriers (holes). Whereas, an N-type doping is the introduction of impurity atoms 

with one more valence electron (like Phosphorous) than silicon (donor impurities), 

resulting in excess negative charge carriers (electrons). 

 

Figure 1.3a and b below shows a PN-junction without a bias, under  

 

This condition, electrons from the high concentration n-type side tends to flow 

towards the p-type side and similarly the holes from the high concentration p-type 

side tends to migrate towards the n-type side. These electron and holes migration 

creates charge imbalance by exposing ionized charges on both sides. The exposed 

charges would set up an electric field that opposes the natural diffusion tendency of 

the electron and holes at the junction; this is the behavior of the PN-Junction under 

equilibrium condition. Under this condition, there exists within the junction a layer 

between the PN-Junction that becomes almost completely depleted of mobile 

charge carriers. This layer/region is called the space-charge region or depleted 

region and is schematically illustrated in Figure 1.3b below. 

 

 

 

 

 

Figure 1.3a Electrons and Holes migration at the PN-Junction [16] 
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Figure 1.3b PN-Junction and Depletion Region under equilibrium [16] 

 

The characteristic of the deletion layer is that the total amounts of charge on either 

side of the junction in the depletion region are equal and the net current flow is 

zero since the drift current and the diffusion charges are equal. The junction barrier 

potential becomes increased if reversed biased and becomes narrower if forward 

biased. Figures 1.4 below shows the energy band diagram at equilibrium, forward 

bias and reverse bias condition 

 

 

 

 

 

 

Figure 1.4 Energy Band diagrams of a PN-Junction [1], [16] 

 

From Figure 1.4 above and as explained before, when no external force like 

voltage or excess heat or incident light is acting on the junction, electrons in the n-

type material closest to the boundary tend to migrate, or diffuse into the p-type 

material, resulting in the creation of minority positively charged ions in the n-type 

material and negatively charged minority ions in the p-type material. The electric 

field developed by the displaced charges is referred to as the junction built-in 

potential and the region nearby the PN-junction looses their neutrality forming the 

depletion layer or space charge region. This is PN-junction in a state of 

equilibrium. 

 

On the other hand if a voltage is applied across the P-N junction, with the positive 

terminal connected to the n-type material and the negative terminal connected to 

the p-type material, the junction is reverse biased; under this condition, the 

depletion region would further increase as the diffused electrons and holes are 



Downloaded from booktree.ng 
 

12 
 

pulled further from the boundary and thus increasing the resistance of the material 

to the flow of current, but there will be a negligible flow of reverse current. The 

reverse current will remain constant and continue to flow until breakdown voltage 

is reached. However, if the positive terminal is connected to the p-type region and 

the negative connected to the n-type material, the junction is forward biased. Now 

the solar cell operates similar to a forward biased diode. 

 

Ideal Diode in the Dark and under Illumination: 

 

In order to understand the operation of a solar cell, it is necessary to analyze the 

concepts of an ideal PN diode. In general, an ideal diode under dark conditions i.e. 

no illumination, will have a dark I-V characteristic and equation as given in 

equation 1 and Figure 1.5 below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5: Ideal Diode with no illumination and the equivalent circuit: [1] 

 

 

I=Io (eqv/KBT-1) -------------------------- 1 
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Equation 1 is the ideal diode or Shockley equation Where; 

 

I = the current through the diode, 

 

IO = the diode saturation current density. 

 

 

T = the absolute temperature ˚K,kB = 

the Boltzmann constant, 

 

q= the electron charge and 

 

V= the voltage between the two terminals of p-n ideal diode. Also the expression 

for the diode saturation current density Io is given by equation 2 below; 

Dh 

---------------------------------- 

 

Where; 

 

A is the cross-sectional area of the PN-diode, ni is 

the number of electron hole-pairs 

 

De is the electron diffusion coefficient 

 

Dh is the hole diffusion coefficient 

 

The minority carrier diffusion lengths, Le and Lh are defined as follows; 
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Le  De e    --------------------------------------------- 3 

 

Lh Dh h   ---------------------------------------------- 4 

 

τe andτhare the minority carrier material lifetime constants. Based on the above 

equations, the diode saturation current is largely dependent on the structure and the 

material used for the manufacturing of the diode. 

 

Ideal Solar Cell: 

When a solar cell is illuminated by sun-light, (Figure 1. 6 below), photons energy 

of the incident light is converted to direct current electricity through the process of 

photovoltaic effect of the solar cell. Incident light causes electron-hole pairs to be 

generated in the semiconductor and there is increase in the concentration of 

minorityCarriers (electrons in the p-type region and holes in the n-type region) in 

the depletion region. This increase in the concentration of minority carriers results 

in the flow of the minority carriers across the depletion region into the quasi-

neutral regions. These photo-generated carriers cause the flow of photo-generated 

current, I-photons. When the junction is in the open-circuit condition, no net 

current can flow inside the p-n junction, thus the current resulting from the flux of 

photo-generated and thermally-generated carriers is balanced by the opposite 

recombination current. 
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Figure 1.6 Incident light on a typical PN Solar Cell [28] 

 

If a load is connected between the electrodes of the illuminated p-n junction, some 

fraction of the photo-generated current will flow through the external circuit. The 

potential difference between the n-type and p-type regions will be lowered by a 

voltage drop over the load. Also the electrostatic potential difference over the 

depletion region will be decreased which results in an increase of the 

recombination current. Applying superposition theorem, the net total current 

flowing through the load is determined as the sum of the photo- and thermal 

generation currents and the recombination current as shown in the IV-characteristic 

curves (Figure 1.7) and the equation 3 below. 
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Figure 1.7 IV characteristic curves of a p-n junction in the dark and 

under illumination. [1], [27] 

 

 

The PN-Junction IV characteristic curve of an ideal diode solar cell is described by 

the Shockley equation 3 below [1]; 

I= Iphoton - Io (eqv/KBT-1) -------------------------- 5 

 

The Shockley equation is the fundamental device physics equation which describes 

the current-voltage behavior of an ideal p-n diode. Iphoton is the photo-generated 

current 

 

and is defined by equation 4 below, [1]. 

 

Iphoton = qAG(Le + W + Lh) --------------------------  Where Le and 

Lh as defined before are the minority carrier diffusion lengths for electron and holes 

respectively. G is the diode electron-hole pair generation rate, W is the width of the 

depletion layer and A is the total illuminated cross sectional area of the device. 

Based on this equation, it can be inferred that only carriers generated in the 

depletion region and in the regions up to the minority-carrier-diffusion length from 

the depletion region contributes to the photo-generated current. 

 

2.4 IMPROVING THE EFFICIENCY OF SOLAR PHOTOVOLTAIC 

POWERSYSTEM 

 

Solar Cell Conversion Efficiency η: 

 

The conversion efficiency of a typical solar cell is the ratio of the maximum 

output generated power to the input or incident power. Certain output 
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parameters greatly influences how efficient a solar cell is and are defined as 

follows. 

 

Short circuit current ISC: This is the current that flows through the external circuit 

 

when the electrodes of a solar cell are short circuited. The short-circuit current is 

dependent on the incident photon flux density and the spectrum of the incident 

light. The spectrum is standardized to the AM1.5 (see Figure 1.9 and 1.10 below) 

for standard solar cell parameter measurements. For Ideal solar cell, Isc = Iphoton. 

And this 

 

is the maximum current delivery capacity of the solar cell at any given 

illumination level. From Figure 1.10, the maximum ISC is found by the integration 

of the spectrum distributions from low wavelengths up to the maximum 

wavelength at which electron-hole pairs can be generated for a given 

semiconductor. The common relationship between the wavelength and the photon 

energy is E(eV)=1.24/λ.  Silicon has a band gap of 1.1eV and the λ corresponding to 

this is about 1.13um. Crystalline silicon solar cell can deliver a maximum of 

46mA/cm2 under an AM1.5 spectrum. 

 

Open Circuit Voltage (Voc): 

 

The open-circuit voltage is the voltage at which no current flows through the 

external circuit; i.e. when the solar cell terminals are opened or not connected to a 

load. It is the maximum voltage that a solar cell can deliver under any given 

illumination. An ideal PN-Junction cell Voc is given as follows in equation 7; 

KBT Iphoton 

Voc = ln ( 1 )   -------------------------- 7 

q Io 
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From this equation, The Voc depends on the photo-generated current density Iphoton 

and 

 

the saturation current Io. Also since the saturation current depends largely on the 

recombination in the solar cell, the open circuit voltage is a measure of the 

recombination in the device. For silicon solar cell, the maximum open circuit 

voltage is about 700mV. 

Maximum Power (PMP): 

 

The Maximum current and voltage of a typical solar cell are represented at the 4th 

quadrant of the IV characteristic curve of Figure 1.6, the maximum power is the 

area of the product of the maximum current Imp and Voltage Vmp as shown in the 

equation 8 

 

below. 

 

PMP  VMP IMP   -------------------------------------------------------- 8 

 

Fill Factor FF: 

 

The fill factor FF is the ratio of the maximum power (PMP) generated by the solar 

cell 

 

to the product of the voltage open circuit Voc and the short circuit current ISC 

 

 

FF= PMP      VMPIMP--------------------------------------- 9 

VOC ISC      VOC ISC 

 

From the above set of equations we define the solar cell conversion efficiency η 
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as the ratio of the maximum generated power (PMP=VMP.IMP) to the input or 

incident 

 

power Pin as given by equation 10 below. 

 

VMPIMPVOCISCFF  ----------------------------------------  10 

Pin Pin 

 

Pin is the total power of sunlight illumination on the cell. Energy-conversion 

efficiency of commercially available solar cells typically lies between 10 and 25 

% [8]. These three important parameters (Voc, Isc and FF) as described above are 

the 

 

most important factors that determine how efficient a solar cell is and are 

optimized for efficient solar cell design. 

 

Improving the Conversion Efficiency of Solar Cell: 

 

This section identifies the major sources of loss in the solar cell conversion 

efficiency process and the corresponding approaches to mitigating the losses 

thereby improving the efficiency. 

 

Light Energy (Photons) Absorption: 

 

Sunlight is a portion of the electromagnetic radiation (Infrared, Visible and 

Ultraviolet lights) that is emitted by the Sun. On Earth, sunlight is filtered through 

the Earth's atmosphere, and is visible as daylight when the Sun is above the 

horizon. The amountof radiant energy received from the Sun per unit area per unit 

time is called Solar 
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Irradiance and it is a function of wavelength at a point outside the Earth’s 

atmosphere. 

 

Solar irradiance is greatest at wavelengths of between 300-800 nm. Figure 1.8 

below shows the solar spectrums. The spectrum of the Sun's solar radiation is very 

closely matches that of a black body with a temperature of about 5,800 deg K. [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.8 Solar Radiation Spectrums [2], [17] 

 

The path length of the solar radiation through the Earth’s atmosphere in units of 

Air Mass (AM) increases with the angle from the zenith. For a path length L 

through the 

atmosphere and solar radiation incident at angle θ relative to the normal to the 

Earth's surface, the air mass coefficient (AM) is; 

AM = L/Lo≈ 1/Cos θ---------------------------------  11 
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2.5 EMPIRICAL REVIEW 

Lewis (1971) studied the application of fiber optics technology to design of 

mine lighting system. Lewis observe that as the number of lighting installation 

increased more and more complaint were made by miner about lighting system 

causing impedance problem. Lewis examines that application fiber optics to 

design the mine lighting system offer a potential solution to most of the 

identified problem. Since the power to the light source is supplied through the 

electric cable and packing gland from main power supply or blast box, and 

electric cable may produce potential shock hazards and damage the system and 

if these cable replace by fiber optics cable than it reduce the potential shock 

hazard of conventional system and in even of damage the time consuming task 

of replacing the cable and repacking. Lewis observe that two major problem 

associate with fiber optics technology , inadequate light output and second 

overheating of light source both problem can be reduce by applying the new 

light source that will produce higher light output and at the same time 

generating less heat.  

 

Van et al. (1971) studied the underground lighting of African gold mine. They 

make fleeting reference to the effect of underground lighting on productivity 
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and accident rates. They make an accidental statics with carbide lamp and cap 

lamp, on a 12 month trial period in which 250,000 shift were worked with 

carbide lamp and 307,000 with cap lamp. They conclude that incidence of major 

accident was 115 accident per 1000 shift while the minor accident was 1152 per 

1000 shift with carbide lamp and corresponding figure for men using cap lamp 

were 079 and 731 accident per 1000 shift respectively.  

 

Lewin (1999) studied the lamp color and visibility to design the outdoor 

lighting system. In order to design the lighting system under outdoor lighting 

condition, the spectral distribution of light source has been shown to be an 

important factor in visibility. The spectral characteristic of light source is given 

by V (λ) curve. V-lamenda curve is the eye sensitivity curve, which relates the 

visual response to the wave length of light source. Lewin observe that V (λ) 

curve not applicable where viewing condition change i.e. in mesopic condition. 

Lewin observe that effective lumen increases for Metal Halide lamp as the light 

level reduces and eye shift toward blue/green peak sensitivity. So MH lamp is 

more effective than HPS lamp in mesopic condition. For calculating effective 

lumen rating Lewin suggested a multiplier known as Lumen effective 

multiplier, as the lumen level fall the LEM value change more. Lewin observe 

that yellow region indicate high light level and blue/green level indicate low 

light level.  

 

Bisketzis et al.(2004) studied the design of road lighting system from the point 

of view of mesopic vision. They observe that in mesopic vision condition the 

sensitivity of human eye moves toward the lower wavelength. Therefore some 

type of lamp which is widely used for road illumination is not as efficient as 

that they use to be in photopic vision. They examine the two type of model for 

mesopic vision which is based on Brightness matching and reaction time. They 

observe that the mesopic luminance value from commercially available Metal 
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halide (MH) lamp higher than the High pressure sodium (HPS) lamp. They 

conduct the experiment for three type of road such as District distributor road, 

Residential major access road, and Local distributor road and they found that 

the reaction time for MH lamp always better than HPS lamp but the uniformity 

ratio for MH lamp was higher only for Residential major access road and for 

rest two road the uniformity ratio of MH lamp system poor as compare to HPS 

lamp system. Thus they suggested that the MH lamps are more efficient than 

HPS lamps in mesopic vision.  

 

Saulius et al. (2005) studied the comparison of scale of spectral diffuse 

reflectance of Helsinki University of Technology (TKK) and the Singapore 

National Metrology Center (SPRING).They gave the reflectance factor 

measurement of diffuse reflectance characteristic of a sample under test. They 

examine the realization of absolute scale of spectral diffuse reflectance at TKK 

and SPRING is based on gonioreflectometer method. They conduct the 

comparison measurement which was held at TKK in 2004 and 2005 similarly at 

SPRING in 2004. They examine that the uncertainty of TKK and SPRING are 

constant at 0.2 and 0.3 for the wave length 480-780 nm.  

 

Chen and Rincon (2006) designed an accurate, instinctual, and suitable 

electrical model to capture the dynamic characteristic of a solar battery from 

different linear nonlinear parameters of a PV system. They used a Ni-MH and 

polymer Li-ion batteries for designing the required electrical model. They found 

that the proposed electrical model accurately predicts battery run time with less 

than 0.4% error and voltage response within 30 mV for any load profile. The 

proposed model offers to improve system efficiency and prolong battery 

runtime by predicting both operation life and I-V performance accurately.  
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Denholma and Margolis (2007) were examined some of the limits to large-

scale deployment of solar photovoltaic (PV) in traditional electric power 

systems. They compared the power output of PV panel to existing power 

generation and they found that for 50% fraction of PV panel generate high level 

of power compare to grid connected power system. They examine that this 

excess PV generation reducing the cost of power generation, when PV provides 

10-20% of system energy then it not only reduces the cost of power generation 

but also reduces the environmental pollution at power generation site.  

 

Esram and Chapman (2007) were discussed and compared the different 

available Maximum power point tracker (MPPT) techniques and explained 

about nineteen maximum power point tracker (MPPT) methods. They have 

given detail explanations of theses maximum power point technique and their 

implantation method which helps in selecting a right MPPT method for specific 

PV system. They found that the effect of shading on PV panel is major problem 

in photovoltaic system; it decreases the output of PV system and reduces the 

efficiency of PV system.  

 

Xiao et al. (2007) studied the spatial relations and geometric properties of 

Photovoltaic (PV) system to optimize the operation of maximum power point 

tracker (MPPT). They proposed an individual power interface for each PV 

module and suggested a suitable structure for the PV system. They found that an 

individual power interface is to minimize the non- ideal condition and improve 

the performance of photovoltaic system that helps in enhancing the efficiency of 

PV power system.  

 

Gules et al. (2008) studied and implemented a parallel connected MPPT system 

for a standalone photovoltaic (PV) power generation. They constructed a 

prototype board which showed a maximum 45 W power in practical test. They 
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found that the parallel connection of Maximum power point tracking (MPPT) 

system reduces the negative influence of power converter losses in the overall 

efficiency during photovoltaic power generation.  

 

Mills et al. (2008) they examined the impact of retail electricity rate design on 

the economic value of grid-connected photovoltaic (PV) systems, focusing on 

commercial customers in California. They used a 15-min interval building load 

and PV production data from a sample of 24 actual commercial PV 

installations, and they compare the value of the bill savings across 20 

commercial-customer retail electricity rates currently offered in the state. 

Across all combinations of customers and rates, they found that the annual bill 

savings from PV, per kWh generated, ranges from $0.05 to $0.24/kWh. This 

sizable range in rate-reduction value reflects differences in rate structures, 

revenue requirements, the size of the PV system relative to building load, and 

customer load shape. They found that the commercial value of PV for most 

significant rate of design is to be the percentages of total utility bills recovered 

through demand charges, though a variety of other factors are also found to be 

of importance. They examine that the net value of metering is to be sustainable 

but only when energy from commercial PV system represents a sizable portion 

of annual customer load. 

 

Campbell et al. (2009) studied the importance of PV power plant on large scale 

renewable energy power generation. They compared the cost of PV power 

generation with other power generation source. They suggest a levlized cost of 

energy (LCOE) for common means of comparing the relative cost of electricity 

from generating source. The LCOE equation allows alternative technologies to 

be compared when different scales of operation, investment or operating time 

periods exist. They conclude that on many dimension of cost and performance 

the LCOE for a solar power plant has high capacity factor and low cost of 
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power generation. They suggest a high LCOE for lowest life cycle cost and 

highest lifetime’s energy production.  

 

Firth and Jacket (2009) carried out on site measurement of the reflective 

properties of a sample of the New Zealand pavements in order to review the 

standard of road lighting from safety point of view. They measured the road 

surface for two reflection parameter used in standard base design calculations 

for road safety lighting with the help of prototype reflect meter known as 

Memphis . These were Q0, the weighted average surface reflectance and S1 the 

specula try index. A surface with high Q0 is preferable as it would need less 

light to illuminate road. Similarly higher the S1 more mirror like is the surface. 

A surface with low S1 is generally preferable as it would require less laminate 

for the lighting. They found that the road surface had lower Q0 value than the 

equivalent CIE standards, which imply that the roads would be lighted far lower 

levels than the design parameters suggested. The result of the study indicated 

that the New Zealand pavements are considerable less reflective and less safe 

than previously thought.  

 

Sammarco et al. (2009) studied the effect of cap lamp lighting on postural 

control and stability. They observe that the strip, trip and falls (STFS) injuries 

occurred more frequently than any other category. Better lighting condition 

could reduce the risk of STFS injuries. They suggested that a cap lamp is an 

important piece of personal protection equipment in mining. The LED base cap 

lamp have been shown to improve STFS hazard and peripheral motion 

detection, but LED cap lamp show a significant decline in postural stability 

when moving from fully lit laboratory to an underground coal mine. They noted 

that visual change with age include the decline the ability to focus on near 

subject, and they suggested the deterioration of visual function may 

compensated by improving the quality of lighting.  



Downloaded from booktree.ng 
 

27 
 

 

Villalva et al. (2009) designed a method of modeling and simulation of 

photovoltaic (PV) array. They adjusted the I-V cure at three points i.e. open 

circuit, maximum power and short circuit and found the nonlinear parameter on 

I-V cure by nonlinear I-V equation. They proposed an effective and direct 

method to fit the mathematical I-V curve to three (Voc- Ioc, Vm-Im and Vsc-

Isc) remarkable point without need to guess and estimate any parameter except 

diode constant a. They suggested a close solution for the problem of finding the 

parameter of the single diode model equation of a practical PV array, theses 

solution always require visually fitting the mathematical curve to the I-V points 

and graphically extracting the slope of the I-V curve at given point or 

successively solving and adjusting the model in a trial and error process.  

Lewin (2010) said that definition of lighting depends up on the luminous 

sensitivity curve of eye V (λ). Lewin observe that the V (λ) function does not 

apply in off axis and at low level of luminance. The author proposes the use of 

lumen effective multiplier (LEM) to convert normal photopic lamp lumen to the 

effective lumen for particular lighting design. The values of LEM for high light 

level are 1.0 for all sources and for low light level greater than 1. Lewin 

suggested that three parameter that select the LEM value that are first mesopic 

response function particularly based on Brightness matching data, second 

mesopic response function based on visual performance data and third data 

from visual performance experiment using commercial light source.  

 

Yenchek and Sammarco (2010) examined the mining record compiled by the 

mine safety and health administration (MSHA) from 2002 to 2006 and observed 

that an average of 28 accidents involving light occurred annually within the 

U.S.A mining industry. These accidents could be separated in to three main 

group associated with operation and maintains/repair activities, cap lamp and 

auxiliary lighting. The greatest number of accident occur when employ maintain 
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and repair lighting. They observed that LED in general exhibit a longer life and 

thus require less maintains with respect to light source replacement. LED do not 

typically fail catastrophically compare to incandescent light source, rather they 

gradually decrease light out over time. LED also use less electrical power than 

conventional incandescent and halogen light source. They were of the opinion 

that luminous using LED have the potential to significantly reduce to the 

frequency of accident caused during maintains and repair of lighting system. 

They observed that a number of accident in the mining accident occur because 

of the miner cap lamp cable and they gave the technology for the chord less 

LED cap lamp is viable and this could eliminated cable related accident. They 

found that Metal Halide (MH) lamp have an efficiency compare to commercial 

available LED and stated that the current state of LED technology would not 

enable a power reduction for mobile light plant because LED efficiency is 

approximately equal to MH lamp currently used for portable mine lighting.  

 

Aruna and Jarakliar (2012) design a lighting system for surface mine projects. 

Using Mat lab software they developed software SURLUX for designing the 

surface mine illumination. The software is capable for calculating the 

illumination level at a grid point for any given set parameter, such as luminare 

type and its characteristic, location of pole, spacing of pole, mounting height 

and tilt angle etc. The software can directly take in to consideration the 

reflectance factor of the surface. It is capable of calculating minimum and 

maximum light level and uniformity ratio for deciding feasibility of an 

illumination system for an area. They considered a stretch of 1 km long haul 

road for comparison of five different types of luminaries. They also varied the 

lamp mounting height at 8,10,12,14 and 16 m. They observed that the lighting 

design under wet condition incurred and excess cost of 94% for mineral bench 

and 50% for overburden bench of haul road. The increase in cost of overburden 
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bench was due to low reflectance of surface and also large difference between 

dry and wet surface reflectivity.  

 

Pal et al. (2012) studied the lighting system for haul road using compact 

fluorescent lamp (CFL) with standalone solar lighting system. They constructed 

a proto type board which showed a fairly constant lumen output over varying 

input voltage. They decrease the inverter operating frequency to maintain the 

constant lumen output, and observe that when the battery was fully charged the 

voltage was 14.21 volts. The inverter efficiency was found to be above 94% for 

9 WCFL. They suggested that low electrical consumption by the CFL makes it 

an ideal choice for solar photovoltaic standalone lighting system for a surface 

mine haul road.  

 

Simon et al. (2013) studied the analysis of the important of modeling of solar 

data. They observed that solar irradiation can be measure by geostationary 

satellite but satellite method have special problem with snow on ground, strong 

varying area like mountain at high latitude in winter when sun is very low , so 

an accurate solar model are mandatory for many application including 

forecasting. They classify many different models to predict solar irradiation in 

two main groups, first from predicting irradiation from other climate variables 

and second for space interpolation. They suggested two indicators for 

calculating the accuracy of each models, first mean bias error and second root 

mean squire error. The RMSE value is better to analyze the model.  
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CHAPTER THREE 

RESEARCH METHODOLOGY 

This chapter covers the description and discussion on the various techniques 

and procedures used in the study to collect and analyze the data as it is deemed 

appropriate. 

It is organized under the following sub-headings: 

 Research Design 

 Area of the Study 

 Population of the study 

 Sample and sampling procedure 

 Instrument of Data Collection 

 Validation of the Instrument 

 Reliability of the Instrument 

 Method of Data Collection   

 Method of Data Analysis 

 

3.1 Research Design 

According to Asika (2009), research designs are often referred to as the 

structuring of investigation aimed at identifying variables and their relationships 

to one another. In this study, questionnaire serves as useful guide to the effort of 

generating data for this study. The survey research design through the 

administration of questionnaires was used for the study. 

 

3.2 Area of the Study 

The study will be conducted in Ebonyi State, Nigeria. Ebonyi is one of the most 

populous city in Nigeria, The population of Ebonyi urban area, according to the 

Ebonyi State Government is 17.5 million, a number disputed by the Nigerian 

Government and judged unreliable by the National Population Commission of 
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Nigeria. Ebonyi was reported in 2014 to have a metropolitan population of 21 

million.  

 

 

3.3 Population of the Study 

The population of study consists of laboratory technicians of computer science 

Federal College of Agriculture, Ishiagu Ebonyi State.  

 

3.4 Sample of the Study 

The Convenient sampling technique was used in selecting 20computer science 

technicians in the college from the entire population. This was chosen due to the 

financial strength of the researcher coupled with time constraints. 

 

3.5 Instrument for Data Collection 

These are the tools or methods used in getting data from respondents. In this 

study, questionnaires and interview are research instruments used. 

Questionnaire is the main research instrument used for the study to gather 

necessary data from the sample respondents. The questionnaire is structured 

type and provides answers to the research questions and hypotheses therein. 

This instrument is divided and limited into two sections; Section A and B. 

Section A deals with the personal data of the respondents while Section B 

contains research statement postulated in line with the research question and 

hypothesis in chapter one. Options or alternatives are provided for each 

respondent to pick or tick one of the options. 

 

3.6 Reliability and Validity of Instrument 

Reliability means the accuracy of precision of a measuring instrument while 

validity means the extent to which the research instrument measures what it is 

supposed to measure. In order to determine the reliability and validity of the 
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study, the test-retest method was used. To have a valid instrument, the questions 

in the questionnaire will be free from ambiguity (i.e. the questions will not be 

too complex). To have reliable instrument, the questionnaire will be followed 

with interview of sample of respondents to know whether their view on the 

subject. 

 

3.7 Techniques of Data Analysis 

Having gathered the data through the administration of questionnaire, the 

collected data will be coded, tabulated, and analyzed according to the research 

question and hypothesis. 

In order to analyze the data collected effectively and efficiently for easy 

management and accuracy, the simple percentage method was the analytical 

tools used for this research project and a sample size of two hundred (200) will 

be represented by 100% for easy analysis of the responses. 

Also, Correlation statistical analytical method will be used in the research work. 

Correlation as a statistical technique is used in testing of hypothesis so as to 

predict what the relationship between two variables should be. It is used in 

drawing and reaching conclusion by collecting the observed values from the 

questionnaire administered to respondents, testing the degree of freedom and 

carrying out a decision in determining the critical value of the hypothesis. 

 

 

Where x = independent factor 

 y = dependent factor 

 

3.8 SCORING OF THE RESEARCH INSTRUMENT 
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  Since the research instrument used was the questionnaire, it was 

designed using the liker scale method. The questionnaire was designed in the 

following ways: 

i) Strongly Agreed (SA)  - 5 

ii) Agreed (A)          - 4 

iii) Undecided (U)   - 3 

iv) Disagreed (D)   - 2 

v) Strongly Disagreed (SD) -  1 

 

3.9 Decision Rule 

 In taking decision for “r”, the following rules shall be observed; If the 

value of “r” tabulated is greater than “r” calculated, accept the alternative 

hypothesis (H1) and .reject the null hypothesis (H0). 

i) If the “r” calculated is greater than the “r” tabulated, accept the null hypothesis 

(H0) while the alternative hypothesis is rejected 
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CHAPTER FOUR 

4.0 DATA PRESENTATION, ANALYSIS AND   INTERPRETATION 

This chapter is devoted to the presentation, analysis and interpretation of the 

data gathered in the course of this study. The data are based on the number of 

copies of the questionnaire completed and returned by the respondents. The data 

are presented in tables and the analysis is done using the chi-square test. 

 

4.1 Data Presentation and Analysis 

The data presented below were gathered during field work: 

BIO DATA OF RESPONDENTS 

 

TABLE 1: Gender of respondents 

  
Frequency Percent 

Valid 
 Percent 

Cumulative 
Percent 

Valid Male 30 60.0 60.0 60.0 

Female 20 40.0 40.0 100.0 

Total 50 100.0 100.0 160.0 

Source: field survey, November, 2015. 

Table 1 above shows the gender distribution of the respondents used for this 

study.  

30 respondents which represent 60.0percent of the population are male. 

20 respondents which represent 40.0percent of the population are female. 

TABLE 2: Age grade of respondents 

  Freque

ncy Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid below 15 years 
5 10.0 10.0 10.0 
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16-20years 15 30.0 30.0 40.0 

21-25years 15 30.0 30.0 70.0 

26-30years 5 10.0 10.0 80.0 

31-35years 5 10.0 10.0 90.0 

36-40years 3 6.0 6.0 96.0 

above 40 years 2 4.0 4.0 100.0 

Total 50 100.0 100.0  

 

Source: field survey, November, 2015. 

Table 2 above shows the age grade of the respondents used for this study.  

5 respondents which represent 10.0 percent of the population are below 15yrs. 

15 respondents which represent 30.0percent of the population are between 16-

20yrs. 

15 respondents which represent 30.0 percent of the population are between 21-

25yrs 

5 respondents which represent 10.0 percent of the population are between 26-

30yrs. 

5 respondents which represent 10.0 percent of the population are between 31-

35yrs. 

3 respondents which represent 6.0 percent of the population are between 36-40 

years. 

2 respondents which represent 4.0 percent of the population are above 40 years. 

 

TABLE 3 marital status of respondents 

  Frequenc

y Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid single 25 50.0 50.0 50.0 
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married 15 30.0 30.0 80.0 

Divorce

d 
8 16.0 16.0 96.0 

Widowe

d 
2 4.0 4.0 100.0 

Total 50 100.0 100.0  

Source: field survey, November, 2015. 

Table 3 above shows the marital status of the respondents used for this study. 

 

‘Out of the total number of 50 respondents, 25 respondents which represent 50.0 

percent of the population are single. 

15 respondents which represent 30.0 percent of the population are married. 

8 respondents which represent 16.0 percent of the population are divorced. 

2 respondents which represent 4.0 percent of the population are widowed. 

 

 

 

 

 

 

TABLES BASED ON RESEARCH QUESTIONS 

 

TABLES 5: ARE THERE LIMITATIONS OF SOLAR 

POWER SYSTEM? 

  
Frequency Percent 

Valid 
Percent 

Cumulative 
Percent 

Valid Yes 35 70.0 70.0 70.0 

No 10 20.0 20.0 90.0 
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Undecided 5 10.0 10.0 100.0 

Total 50 100.0 100.0  

Source: field survey, November, 2015. 

Table 5 above shows that there are limitations of the solar power system. 

 

35 respondents which represent 70.0 percent of the population agreed. 

 

10 respondents which represent 20.0 percent of the population disagreed. 

 

5 respondents which represent 10.0 percent of the population are undecided. 

 

TABLE 6: RENEWEABLE POWER SYSTEM IS THE 

BEST FORM OF POWER SUPPLY 

  Frequenc
y Percent 

Valid 
Percent 

Cumulative 
Percent 

Valid strongly agree 15 30.0 30.0 30.0 

Agree 20 40.0 40.0 70.0 

undecided 5 10.0 10.0 80.0 

disagree 5 10.0 10.0 90.0 

strongly 

disagree 
5 10.0 10.0 100.0 

Total 50 100.0 100.0  

Source: field survey, November, 2015. 

Table 6 above shows that renewable power system is the best form of 

power supply. 

15 respondents which represent 30.0 percent of the population strongly agreed. 

20 respondents which represent 40.0percent of the population agreed. 

5 respondents which represent 10.0 percent of the population were undecided 
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5 respondents which represent 10.0 percent of the population disagreed. 

5 respondents which represent 10.0 percent of the population strongly 

disagreed. 

TABLE 7: THE CAPACITY OF RENEWABLE POWER 

SYSTEM USING THE SOLAR PANEL CAN BE 

IMPROVED UPON 

  Frequenc

y Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid strongly agree 20 40.0 40.0 40.0 

Agree 10 20.0 20.0 60.0 

undecided 5 10.0 10.0 70.0 

disagree 10 20.0 20.0 90.0 

strongly 

disagree 
5 10.0 10.0 100.0 

Total 50 100.0 100.0  

Source: field survey, November, 2015. 

Table 7 above shows that the capacity of renewable power system using 

solar panel can be improved upon. 

20 respondents which represent 40.0 percent of the population strongly agreed. 

10 respondents which represent 20.0percent of the population agreed. 

5 respondents which represent 10.0 percent of the population were undecided 

10 respondents which represent 20.0 percent of the population disagreed. 

5 respondents which represent 10.0 percent of the population strongly 

disagreed. 

TABLES 8: ARE SOLAR POWER SYSTEM 

EXPENSIVE TO SET UP? 
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  Frequenc

y Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid Yes 39 78.0 78.0 78.0 

No 8 16.0 16.0 94.0 

Undecide

d 
3 6.0 6.0 100.0 

Total 50 100.0 100.0  

Source: field survey, November, 2015. 

Table 8 above shows that solar power systems are expensive to set up 

 

39 respondents which represent 78.0 percent of the population are of the 

opinion that solar power system are expensive to set up. 

8 respondents which represent 16.0 percent of the populationare of the opinion 

that solar power system are not expensive to set up. 

8 respondents which represent 16.0 percent of the population are undecided. 

 

 

Table 9: Correlations 

  

Solar power 

systems are 

expensive to 

set up 

There are 

limitations of 

the solar 

power system 

in Nigeria 

Solar power systems are 

expensive to set up 

Pearson Correlation 1 .856** 

Sig. (2-tailed)  .000 

N 50 50 
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There are limitations of 

the solar power system 

in Nigeria  

Pearson Correlation .856** 1 

Sig. (2-tailed) .000  

N 50 50 

**. Correlation is significant at the 0.05 level (2-tailed).  

 

 

CONCLUSION BASED ON TABLE 9 ABOVE 

From table 9 above we can deduce that there is a strong and positive 

relationship of 0.856 between solar power system being expensive to set up and 

the limitations to the solar power system in Nigeria. 
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CHAPTER FIVE 

5.0 FINDINGS, CONCLUSION AND RECOMMENDATION 

The objectives of the study were to  

 To provide an overview on renewable power system and its capacity. 

 To examine ways of improving the capacity of renewable power system using 

the solar power panel. 

 To identify the limitations of solar power system 

Findings from the study revealed the following: 

 

 There are limitations of the solar power system. 

 Renewable power system is the best form of power supply. 

 The capacity of solar power panels can be improved upon. 

 Solar power systems are expensive to set up. 

 There is a positive relationship between solar power system being expensive to 

set up and there are limitations of the solar power system in Nigeria. 

 


