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Combating Problems with Solar Power: A cost 
Effective Improvement on the Conversion 

Efficiency of Solar Panels 
Engr. C.O. Osueke (Ph.D), Engr. E.M. Onyekachi, Engr. I.O. Nwabueze 

Absract - There is no point harnessing an energy resource that has no economic value. Solar energy poses a strong threat to other forms 
of energy due to its purity and availability. The problem associated with harnessing solar power mainly comes from the cost and efficiency 
of the photovoltaic (P-V) panels. This work proffers a solution to this problem by combining the effect of colours and lenses based on the 
principle of white light spectrum and its behavior with lenses. A 0.9m by 0.3m mono-crystalline solar panel with a manufacturer specification 
of 18% efficiency, 50W maximum output power, 18V maximum voltage output & 2.77A maximum current output was used for experiments 
in combination with a sheet of convex lens, glass panes dyed with various colours of the light spectrum, a battery operated portable multi-
meter, a meter rule, and a mount frame. Experiments were conducted for different time schedules for three days of assumed equal 
intensity. The results of the experiments are presented in stages and it was discovered that at stage 3, the system which is a combination 
of solar panel, violet colour filter and convex lens yielded a productivity of over 96% with power output of 47.67W.A. This is almost a total 
extortion of white light energy as provided by the solar panel. 

Index Terms – Colour filter, Combat, Convex lens, Efficiency, Problem, Solar panel, Solar power.  

——————————      —————————— 
 

1 INTRODUCTION 
olar power is actually one of the cleanest methods of 
energy production the world has ever known. Infact, most 

of the energy known to man is derived in some way from the 
sun. When we burn wood or other fuels, we are releasing the 
stored energy of the sun. Infact, there would be no life on 
earth without the sun which provides energy needed for the 
growth of plants and indirectly, the existence of all animal life 
[24]. The form that is of major interest to researchers and the 
world at large is the direct conversion of the sun rays into a 
usable energy source (electricity).  Every second, 3.38 * 1026 J 
of nuclear energy is released by the sun's core [23]. This makes 
the solar energy from the sun a truly enormous one. on the 
average, the Earth's surface receives about 1.2 * 1017 W of 
solar power. This means that in less than one hour, enough 
energy is supplied to the earth to satisfy the entire energy 
demand of the human population over the whole year [16]. 
This led to numerous researches and discoveries in a bid to 
harness this energy. In 1839, a nineteen year old by the name 
Alexander Edmond Becquerel discovered the photovoltaic 
effect [22]. This effect is the physical process through which a 
solar cell converts sunlight into electricity. The basis for the 
modern solar cell, however, can more directly be traced back 
to William Grylls Adams [22]. Back in 1876, Mr. Adams 

discovered that selenium generated an electric current when 
exposed to light [22]. For the next 50 – 60 yrs, the 
developments were not so bold, but even Albert Einstein was 
working on using solar power, he was even granted a Nobel 
prize in 1921 for his work on the photoelectric effect. 

While the years of solar power went by quietly, in the 
1950's the development of solar power was benefitted by the 
production of the Czochralski meter. This was a process that 
produced pure crystalline silicon and by 1954, Bell telephone  
laboratories had developed a silicon photovoltaic cell that had 
a four percent (4%) efficiency that was later boosted to 11% 
efficiency [8]. Since then, the evolution of solar technologies 
and photovoltaics have been gaining increasing market share 
for the last 20 yrs. Even though the development of 
photovoltaic system has been increasing steadily for the last 20 
years, solar technologies still suffer from some draw-backs 
that make them poorly competitive on an energy market 
dominated by fossil fuels. Nevertheless global generation of 
solar electricity is still small compared to the potential of this 
resource [4]. Current electricity generation from PV's is only of 
the order of 2.6 GW compared to 36.3GW for all renewable 
energies, excluding hydroelectric power [6,5]. 

 This low consumption of solar power led to the force 
behind this work. It was found out that the major setback was 
as a result of the cost and efficiency of the conversion medium 
(solar panel). The objective of this work then becomes to 
combat these constraints using simple technologies to achieve 
the aim of developing affordable and highly efficient 
conversion medium. 
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Before procession, a further brief look into the achievements of 
few past researchers needs to be done in order to understand 
the magnitude of the task ahead. Solar energy collection 
efficiency has improved, growing from the first passive 
collection methods (efficiency approx 1%) to the current 
applicable methods (efficiency approx 15-20%) [11]. This issue 
has been examined from several angles, both from that of 
maximum possible efficiency, and from that of highest 
possible efficiency while remaining industrially feasible. 

Kribus study [11] delivered an examination of a new 
process with efficiencies approaching 70%, although it would 
be difficult and extremely expensive, probably too much so to 
be economically feasible. Normal panels use a double cycle 
conversion process. Kribus [11] introduces a triple cycle, the 
first of which operates at extremely high temperatures, it is 
called a magneto-hydro-dynamic (MHD) cycle, and can 
operate at temperatures in the range of 2000° - 2500°, up from 
the current limit of about 1300°. 

Dauwe et al., [2] study presented a panel with increased 
efficiency, possibly approaching 30%, that is still feasible for 
mass production. His design uses a different kind of silicon, 
called Czochralski silicon, with oblique evaporated contacts 
(OECO). The contact points are metalized using low-cost 
aluminum and obliquely evaporated using a very simple four-
step process that may prove to be feasible for mass 
production. 

Crystalline silicon technologies have potential for further 
increment improvement in performance and cost reduction. 
The most successful c-Si cell designs of the last 15 years with 
efficiencies above 20% are the photo-lithographically based 
passivated emitter solar cell (PESC) [13], the back point- 
contact (BCP) cell (22.3% efficiency [19]), and the passivated 
emitter, rear locally – diffused (PERL – 24.7% [10]). Future 
developments in c-Si cells are likely to be decreased wafer 
thickness and improved light – trapping scheme. Enhanced 
buried contact designs [12], and Heterojunctions with intrinsic 
thin – layer (HIT) [15], are two of the newer commercial 
designs. Ribbon technologies such as edge defined film – fed 
growth (EFG), dendritic web, and string ribbon have the 
potential to produce thin cells at lower cost [3,18]. Deposition 
of Si on foreign substates is a possible route for obtaining Low 
– cost cells with acceptable performances. Poly crystalline 
silicon on SiC graphite coated substrates [7], and glass 
substrates [17] are examples of technologies under 
investigation with the latter now in production. 

These improvements being made to the technology are 
more or less worthless if the panels eventually becomes non – 
affordable by the common man. 

3 PROMBLEMS WITH SOLAR POWER 

Although solar power an inexhaustible fuel source, constitutes 
no pollution and is versatile, there are still challenges in 
harnessing this energy. The discovered major problems facing 
the exploration of this energy can be classified into three, 
namely: 

a) Cost of Photo-Voltaic (PV) panels 
b) Efficiency of panels 
c) Insonation value of the area 

3.1 Cost of Pv Panels 
The current direct cost of solar PV power is widely 
acknowledged to be much greater than fossil fuel generation 
or many other renewable energy sources, although it is 
cheaper if considered on a long term run. The cost of these PV 
panels is accounted for by the materials and manufacturing 
techniques. Solar panels require carefully doped 
semiconductors to function, and these are a myriad of 
possible doping agents with different properties, and a lot of 
different production techniques possible. It takes time to work 
out which doping agent is best, and to find less expensive 
manufacturing process for producing the photovoltaic cells.  

3.2 Efficiency of Panels 
The efficiency of a PV panel depends on the type of solar 
panel used. Over the past 36 years, solar cell efficiencies have 
continuously improved for all technologies: figure I 

 

 

 

 

 

 

 

Among the most important accomplishment to be noted are 
the 24.7% efficient c-Si solar cell (University of south wales, 
Australia), the 18.4% efficient CIGS solar cell (NREL), the 
16.5% efficient CdTe solar cell (NREL), and the 39% efficient 
GaIP/GaAs/Ge triple-junction solar cell under 241-suns 
concentration (Spectrolab) [20]. Research on dye sensitized 
solar cells (DSSCs) and organic solar cells (OSCs) began only 
during the last decade. The last reported record efficiencies are 
10.4% for DSSCs (Ecoloe Polytechnique Fédérale de Lausanne, 
Switzerland) [14], and 5.7% for OSCs (Princeton University) 
[9]. 

According to literature, in mass production, only about 
30% efficiency has been achieved for PV technology. This is 
not quite reasonable when compared to the cost of procuring 
them.  

3.3 Insonation Value of The Area 
Insonation, or sunlight intensity is measured in equivalent full 
sun hours. One hour of maximum or 100% sunshine received 
by a solar panel equals one equivalent full sun hour. Even 
though the sun may be above the horizon for 14 hours a day, 

 

Figure 1 Progress in PV technology & efficiencies [21] 
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this may only result in six hours equivalent full sun. 
(Insonation value = 6). This is as a result of the position of the 
sun above the earth. The position of the sun reflects how much 
of the earth's atmosphere the light rays need to pass through. 
Early or late in the day, the sunlight is passing through much 
more of the atmosphere than in the middle of the day. This 
insonation value varies for various locations all around the 
earth. An overview of the world insonation data is shown 
below: figure 2 

 

 

 

 

 

 

 

 

 

Regions with higher latitudes tend to experience less sunshine 
and vice versa. 

4 THE IMPROVED CONVERSION PROCESS 

With energy crises of the world today, solar power become the 
only savior and redeemer. The problem associated with this 
solar power leaves no other option order than improving on 
the conversion 

The improved conversion process proffered by this work 
in-cooperates the technical application of principles of physics 
and light. Convex lens and colour filters was used to improve 
the quantity & quality (Energy level/colour) of light falling on 
the photovoltaic cells. The three make ups of this improved 
system have unique roles to play in order to achieve optimal 
conversion. 

4.1 Role of Convex Lens 

The convex lens (converging lens) based on the principle of 
physics converges rays of light falling on it at a point say “F” 
which is at a distance  (Focal length) from a point say “O” on 
the radius of curvature of the lens.  

 

 

 

 

 

 

 

By technical deduction, when a convex lens with a more 
surface area than that of the proposed solar array is placed at 
some distance over the solar panel, it converges light ray 
which would have fallen off the panel into the panel array 
thereby improving its efficiency. 

4.2 Role of Colour Filter 
The use of colour filter emanates from the theory of white 
light having 7 colours in its spectrum. These colours have 
different wavelengths and energy attached to it: table 1. 

The principle of colour filtration has it that a material with 
a particular colour tends to absorb all the colours of the 
spectrum and emit its own colour. The violet and blue colour 
has the shortest wavelength and highest energy level which 
brings about using violet and blue glasses in sealing the solar 
panel. 

By so doing, only light with high energy level falls on the p-
v cell which eventually enhances conversion. 

5 WORKING PRINCIPLE OF THE SOLAR 
PANEL 

To better understand the concept of improving the 
conversion efficiency, it was necessary to have an idea of solar 
energy collection and its conversion into electricity. A solar 
panel is made up of tens of thousands of photovoltaic cells 
which has silicon semiconductor as its major constituent. The 
glass covering of the solar panel helps to protect the solar 
panel from environmental and biological effects like rain and 
other objects that may damage the panel. Light rays contain 
photons which are energy in discrete packets. When these 
light rays fall on the solar panel, it passes through the glass 
covering and impinges on the photovoltaic cells. A 

TABLE 1 
Different Spectrums of White Light and Associated 

Wavelengths. 

 

 

Figure 2 Overview of worldwide insonation map [16] 

 

Fig 3 Effect of convex lens on light rays. [16] 
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photovoltaic cell is made up of silicon which has four valence 
electrons treated to increase its conductivity by doping it with 
impurities like phosphorus on one side which has five valence 
electrons which can be readily donated to silicon. On the other 
hand, the silicon is doped with atoms of boron with three 
valence electrons (P-donor) to create a greater affinity than 
silicon to attract electrons. 

When these photons of light fall on the p-v cell, they 
transfer their energy to the charge carriers (electrons). Because 
the P-type silicon is in intimate contact with the n-type silicon, 
a p-n junction is established and a diffusion of electrons occurs 
from the region of high electron concentration (the n-type 
silicon) into the region of low electron concentration (p-type 
side). When the electrons diffuse across the p-n junction, they 
recombine with holes on the other side. However, the 
diffusion of carriers does not occur indefinitely, because the 
imbalance of charge immediately on the other sides of the 
junction originates an electric field. This electric field separates 
photo – generated positive charge carriers (holes) from their 
negative counterpart (electrons) thereby forming a diode that 
promotes current to flow in only one direction. Ohmic metal 
semiconductor contacts are made to both the n-type and p-
type sides of the solar cell. In this way an electric current is 
extracted. A combination of the electric currents produced by 
the individual p-v cells of the solar panel is channeled through 
the cords found protruding from the panel which is then 
connected to the rest of the components for storage and 
conversion (from DC to AC).  

 

 

 

 

 

 

 

 

 

 

From this explanation, it can be seen that the more intense and 
energetic the light falling on the panel, the more the tendency 
for more electron flow and hence electricity production. 

6 EXPERIMENT SETUP 
To establish the fact that in-cooperating the various 
technologies as mentioned above really improves the 

conversion efficiency as explained above, experiments were 
carried out. 

Before the experiment is carried out, a relationship between 
the surface area of convex lens and solar array needs to be 
established. 

Let the surface area of solar array be Aୗ୅ 

The surface area of convex lens be Aୡ୪      & 

 The focal length of the convex lens be f 

The lens need to be suspended at a distance (d) above the 
solar array such that the converging beam of light spread 
evenly over the surface area of solar array Aୗ୅ and not 
impinging on a particular spot. 

Since these surface areas take a rectangular shape from an 
aerial view, the shape assumed to be rectangular.  

This implies that 

 Aୗ୅ = Lୗ୅ ∗ Wୗ୅                    (1) 

Where Lୗ୅ = length of solar array 

& Wୗ୅ = width of solar array 

 Also,  Aୡ୪ = Lୡ୪ ∗ Wୡ୪                                                                     (2) 

Where Lୡ୪ = length of convex lens 

& Wୡ୪ = width of convex lens 

The shape formed by the convex lens, solar panel and focal 
point f takes a triangular shape as shown in figure V. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Using the law of similar triangles to obtain a relationship 
between Lୗ୅, Wୗ୅ and Lୡ୪ , Wୡ୪: 

  

Figure 4 Working principle of a solar panel. [16] 

 

Figure 5 Shape formed by convex lens, solar panel and 
focal point f.   
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ୢ
୤

= ୐౏ఽ
୐ౙౢ

= ୛౏ఽ
୛ౙౢ

                                                                                   (3) 

To achieve maximum concentration and at the same time 
and avoiding over heating of the solar panel, the panel needs 
to be placed at a distance of x the (yet to be discovered) focal 
length of lens. 

This implies that d = xf                                                               (4) 

Substituting equation 4 into equation 1 becomes 

୶୤
୤

= ୐౏ఽ
୐ౙౢ

= ୛౏ఽ
୛ౙౢ

                                                                                 (5) 

Onward further simplification Lୗ୅ = xLୡ୪                                 (6)        

&  Wୗ୅ = xWୡ୪                       (7) 

Note: the analysis for the width and length should be done 
separately so that the length/width of the lens corresponds 
with the length/width of solar array. By doing so, leakages or 
unnecessary loss of incident beam is avoided. 

6.1 Materials Needed For The Experiment And 
Experimental Setup 

The materials needed to perform this experiment are stated as 
follows: 

1. Solar Panel: 
A mono-crystalline solar panel was used. Its maximum rating 
was found to be: 50watts; 18V; 2.77A. its size was also found 
to be 0.9m by 0.3m. The efficiency of mono-crystalline panels 
is known to be 18%.  

2. Colour filter (dyed glass panes): 
Glass panes dyed with one colour out of the seven visible 
clours of light spectrum: violet, blue, green, yellow, orange, 
red. 

3. A sheet of convex lens of approx 2.25m by 0.75m with 
a focal length of 0.98m. The length of the sides 
corresponds with the principle as shown in equation 
6 &7  

4. A battery operated portable multimeter: 
A mains operated one is fine indoor, but a battery operated 
portable meter is easier if the experiment is taken outdoor. 

5. A meter rule: 
This is used to measure the distance between the converging 
lens and solar panel. 

6. A Mount (frame) 

A mount made of steel with planes inclined at an angle of 30° 
to the horizontal facing west. This angle is dynamic and 
depends on the geographic location of the site of experiment. 

The multimeter is used to take voltage reading from the solar 
panel terminal, while the meter rule is used to measure the 
distance between the solar panel and lens. 

Four experiments were performed during this research: 

1. The solar panel output reading were taken at 
different times of the day 

2. The various colour filters were placed on the panel 
while their individual output readings were taken at 
different times of the day. 

3. The convex lens was placed at various distances from 
the solar panel to determine the position of maximum 
output. 

4. The convex lens was then mounted above the panel at 
a specified distance from the panel and the readings 
were taken at different times of the day as well. 

The experiment was carried out from 9:00am GMT to 3:00pm 
GMT for three consecutive days. 

6.2 Experimental Results And Discussion 
If the maximum output of the solar panel as started above: 
18V; 2.77A were considered 18% efficiency. This implies that 
at this rating, the panel is 100% productive. 

From Ohms law, Power output P is a product of voltage and 
current output (IV) 

Efficiency of conversion (Eff) is given by; 

Effୡ =
Maximum ef iciency of solar panel

Maximum power output of solar panel
∗ P 

= ଵ଼
ସଽ.଼଺

P = 0.361P                                                                           (7) 

Productivity Pr is given by ଵ଴଴
ଵ଼
∗ Effୡ = 5.56Effୡ                        (8) 

The productivity figure goes a long way to tell if the solar 
panel’s efficiency (ability) is optimally harnessed for use.  

Based on the experiments performed, the results & discussion 
are presented in stages. 

6.2.1 Stage I 
Various time points were chosen for the first stage of the 
experiment as shown in the table II below. 
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 From the data given in the table above, a histogram of power 
output and productivity is plotted against time of experiment 
in GMT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A study of the graph above shows that the power output of 
the solar panel increases from 8:45 to 11:45 GMT and then 
subsequently drops till 2:45 GMT. This is because the 
insonation (Sun Intensity) keeps rising till 11:45 GMT when 
maximum insonation is experienced. This power then starts 
droping because beyond 11:45 GMT, the intensity starts start 
fading away. A drastic reduction in power is found to occur 
between 12:45 GMT and 13:45 GMT. This is because the solar 
intensity drops drastically as well. This is noticed by a sudden 
darkness filling up the atmosphere. It can be explained by 
movements of solar and planetary bodies. 

The relationship between time of experiment & productivity 
of solar panel is also shown below. 

 

 

 

 

 

 

 

 

 

 

As explained above in figure VI, the productivity is directly 
proportional to the power output of the panel. The 

TABLE 2 
Output Readings of the System at Stage I 

 

TABLE 3A 
Effect of Violet Colour Filter on Solar Panel Output 

 

TABLE 3B 
Effect of Green Colour Filter on Solar Panel Output 

 

TABLE 3C 
Effect of Red Colour Filter on Solar Panel Output 

 

Figure 6 Comparison of power output at different 
time schedules (Stage 1) 
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productivity of the panel is found to be maximum at 11:45 
GMT with a value of about 54.72% 

6.2.2 Stage II 
Ordinarily, these direct output data becomes part of the data 
used for modeling the solar system which will eventually 
result to an increase in the number of solar modules as against 
the option being proposed by this work.  A further 
improvement on this output data is accomplished by the use 
of colour filters. 

At various time schedules of the next day, the different 
colour filters were placed on the solar panels and the reading 
were taken. Three colours were selected for this experiment. 
These are the violet, green and red colour . The result gotten 
can then be interpolated to account for the effect of other 
colours. 

In order to compare the output of the solar panel when in use 
with the different colour filters, the relationship between the 
time of experiment and output is presented using a chart as 
shown below: figure 8 

 

 

 

 

 

 

 

 

 

 

 

 

From the bar chart presented above, the violet colour filter 
generated the greatest output at every time schedule. At 12:00 
GMT, it generated the highest output of 34.53W followed by 
that of the green and red colour filter at 26.94W and 19.33W 
respectively. These results further validates the theory of light 
spectrum giving preference to the colour filter as the required 
colour filter to be used in boosting P-V panel output. 

6.3.3 Distance Consideration 
The distance of the lens from the panel also plays an 
important role in the conversion efficiency of the panels. 

1. The closer the panel is to the lens, the less its 
efficiency. This is because at temperatures above 50 , 
the conductivity of the semiconductor increases. This 
balances out the charge within the material, reducing 
the magnitude of the electric field at the junction. This 
in turn inhibits charge separation which lowers the 
voltage across the cell. 

2. If the panel is placed at a position which corresponds 
to the focal length of the lens, the converged light rays 
will impinge on a small ratio of P-V cells, thereby 
over working them and eventually leads to a 
reduction of the life span of the panel. 

This calls for a balance to be created between these two 
extreme condition. On the first day of the experiment, the lens 
was placed at different distances above the panel and output 
readings were taken. It was discovered that the panel had 
more output readings at a distance of 0.4 of the focal length of 
the lens. i.e.: . 

Stage III 
With use of the violet colour filter, the productivity of the solar 
panel just lies within 69%. This implies that the full capacity of 
the panel is yet to be experienced. The convex lens is then 
used to boost this output by combining its effect and that of 
the violet colour filter: Table 4 

The convex lens is placed at a distance of  from the solar 
panel as in equation 4. The multimeter was used in taking 
output readings at different time schedules. 

 

 

 

 

 

 

 

 

 To determine the effect of this convergence on the solar panel, 
the relationship between time schedule & productivity is 
presented in chart analysis as shown below: figure 9 

 

 

 

Figure 8 Comparison of power output of various colour 
filters  
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From the chart above, it is observed that a high productivity of 
95.61% was realized at a time schedule of 12GMT. This is far 
better than that experienced in stage 1 and II at 54.72% & 
69.5% respectively. This proves that the combination of colour 
filters and convex lens produces a better yield and should be 
encouraged in solar power systems. 

The table below shows the summary of the experimental 
results from the three various stages 

 

7 CONCLUSION 

Most often, the problem associated with solar power is the 
ability of one to maximize the capacity of the panel and not 
necessarily having a large array of it. In most cases, the 
productivity of the panels are under-utilized. 

This work has helped to manage this problem by introducing 
a system of convex lens and colour filter.  With this system, 
more light rays are converged into the solar array, the colour 
of white light spectrum with higher energy level is filtered in 
and made to impinge on the P-V cells which then triggers the 
photovoltaic effect for a better electricity yield. The gradual 
improvement on this conversion was exposed in three stages 

1. The solar panel on its own yielded an output of : 
power = 27.28W; efficiency = 9.85% as against 18% 
maximum; productivity = 54.72%, at 12GMT of day 
1. 

2. On augmentation with the violet colour filter, the 
system yielded an output of :power = 34.65W; 
efficiency = 12.52% as against 18% maximum; 
productivity = 69.5%, at 12GMT of day 2. 

3. Under a combined effect of the violet colour filter 
and convex lens, the system yielded an output of : 
power = 47.67W; efficiency = 17.27 as against 18% 
maximum; productivity = 95.61% at 12GMT of day 3. 

The yield at stage 3 can be accommodated and said to be 
optimal when compared to the capacity of the panel. 

The total effect of this system goes a long way to maximize 
solar electricity generation, reduce the cost procuring 
unnecessary solar panel modules thereby successfully 
combating problems associated with conversion of solar 
power into useful electricity. 
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