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The Enhanced System Performance of Solar Cells by Diffused Reflection
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Abstract

This study aims to investigate efficiency enhancement of solar cells by using the mirror
reflector to increase the intensity of sunlight. In conducting the study, 2 sets of 40-watt solar
cells with the dimension of 470 mm. width x 676 mm. length x 2 mm. thickness, and a mirror
reflector which was 235 mm. wide and 676 mm. long were used. The reflector was tilted at
67 degrees horizontal to one solar cell and the cell was faced southward at 14 degrees
horizontal, the perfect angle for maximum sun exposure in the area of Pachee district,
PhraNakhon Si Ayutthaya province, where the study was carried out. During the experiment,
temperature, electricity current, voltage, and sunlight intensity were observed and recorded.
The data was collected between April 9-15, 2014, from 6 a.m. to 6 p.m., the period when
sunlight intensity reached the maximum point. Generally, the sky was clear and the
temperature was high during that period, so it was expected that the efficiency of solar cells
would drop. However, the study found that the solar cell with more focused sunlight due to
the mirror reflector produced the power at the rate of 17.02% on the day when the
temperature of the solar cell was 67.4 degrees Celsius. The data suggested the likeliness of
higher efficiency and the average rate of 27.13% increase in energy output of the solar cell,
compared to the typical efficiency of solar cells when no mirror reflectors were used. Key
Words: solar cells, reflectors, sunlight intensity

1. Introduction

The current situation is encouraging greater use of renewable energy. particularly solar
energy, wind energy, biomass. And the privatization of solid waste. With current technology,
processes of solar energy into electrical energy as a clean production process. But compared
to the cost in terms of investment to acquire the power to sce that it was found that the cost of
energy produced from solar energy cost more than others. Because the price of solar panels
and equipment fittings, such as the inverter battery is also necessary. But the uses may still
have some limitations due to sunlight only during the daytime as well as the intensity of the
light, instability in certain seasons.

In 2015, to the opening of the ASEAN Economic Community (AEC) will contribute to
ASEAN into a business that uses a lot of energy. Should take appropriate measures To
prepare for the AEC government is promoting measures such as tax exemptions, import solar
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cell equipment to encourage greater use of solar energy. And because most of the cost is the
value of solar cells, if we can increase the performance of the system in the production of
electrical energy of the solar cell to higher. Will result in the number or size of solar cells that
you want to use the lower cost of production decreased. Therefore, to study methods of
increasing the production of electricity from solar cells using a reflector assembly with
placement in the right position with the movement of the sun in Thailand.

2. The objective in this research
1. Electrical capacity added to the solar cells by installing reflective Panel using the mirror.
2. Set the direction to install solar panel cells degrees and appropriate reflection plate for the
Thai nation.
3. Apply for installation and use in solar power plants (solar farm), or for other commercial
purposes appropriately.

3. To increase the light intensity

To increase the intensity of light by reflection requires the position and direction to install
solar cells and degrees of reflective Panel where appropriate in order to be able to produce
power increase. When the light intensity increases will result in a temperature rise solar cells.
But the personality to the solar system's power to the cell when the temperature is higher, the
ability to lower the electricity. [1] The shield in the summer with very light intensity solar
cells can produce as much electrical energy. But the temperature on the solar cells are
mounted high reflective panels capable of producing electric power are likely to decline.

l\oﬁ
A
La@_,-

Fig. 1: Diagram the effects of light intensity

3.1 The installation of solar panels

Because the calculation is two-axis sun angle is Sun Angle and Declination coordinates,
conducted by the Latitude and Longitude. 365 day anniversary when it calculates the value of
degrees to compensate for solar cell, perpendicular to the sun. In order to obtain the
maximum power required and coordinate calculation of up-time, West of the Sun from the
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table 1 Summary. The calculation for the average degree of sun throughout the year to find
that the movement of the sun throughout the year in the East - West. There are very few
deviations, but the movement of the sun in the north - south to deviate slightly to the south
about 76 degrees. From the calculation based on equation 1 is the angle offset, solar cell
angle perpendicular to the Sun by the solar cell panel facing to the south elevation angles
above 14 degrees to the horizontal shown in Figure 2 (for the research area of PhraNakhon SI
Ayutthaya). In addition, the tilt took place also helps to drain the rain as well.

solar noon angle = latitude — declination (n

Table 1. The average degrees of the Sun throughout the year
Ayutthaya of Thailand Latitude 14.21 (North)

and Longitude 100.49

Sunrise | Sunset | Hours of Sunlight | Declination, 8 | Sun Angle, a
Day

(hours) | (hours) (hours) (degree) (degree)
Avg. 6.13 | 17.56 12.03 0.00 76.08

14 degrees
* elevation

Horizontal plane

Fig. 2: The installation of the solar panel

3.2  The reflective panel installation

How to increase the light intensity to the solar cell is divided into 4 styles. [2]

1. Fresnel Lens is a Lenses with degrees and different thickness to achieve the shortest focal
length-length according to stage.

2. Parabolic Mirrors is a curved mirror is parabola down. The focal point of reflection at the
same point.

3. Luminescent Concentrators is to design a film with similar structures within the prism to
refract light path, forcing a reflection into the solar cells.

4. Reflectors is reflective adjustable degrees moderation. Reflected light intensity to increase
solar cells.
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To select the light intensity increase method, with solar cells that can be deployed easily is to
install reflective mirror. Light with a wide range of essential degrees to reflect the appropriate
lighting to achieve maximum benefits. Sizing of reflective panels each side should not exceed
half of the width of a solar cell. If too long shadow of the reflective panel is blocking the sun,
number of hours in the switch power light into electrical energy to decrease. Therefore,
reflective panel design with two sets of shadows. Simulation of vertical panels reflecting light
from a maximum angle 90-0 degrees from the sun. Up to sunsets That has a value of degrees
the sun (sun angle) from 0-180 degrees and calculate the start time to end time of operation of
the reflective Panel on average each day, using equation 2. Solar cell that uses a 40 watt 470
mm width mm. thick and long 676 mm 2 number combination (Figure 6). For the reflective
Panel which is made from mirror width 235 mm. length: 676 mm. size is equal to the solar
cell. Tested by installing solar panels, reflective with just | cell to compare the results with
other solar cells that do not have installed the reflective panel.
sun angle x 60)
15

time (minute) =

(2)

2" parabolic mirror:
concentrator

Fresnel Lens

11/ Focal Length

/, ©  1"'parabolic mirror:

\\\ ‘ /// solar cell - = Collector

N\ |/ Solar Cell . solarcell

5 Aperture
Fresnel Lens Parabolic Mirrors
Direct Light Light at angle
Internal !

i OO0 . Reflected Light

N
N2

=

Qéoof with reflective ER.rnﬂ
= solar Cell coating Reflection
Luminescent Concentrators Reflectors

Fig. 3: To add to the intensity of the 4 patterns

From table 2 reveals that degrees reflective panel installation at 67° angles are vertical on
both sides Figure 4. The panel reflects both have the same running time is 3.04 hours from
10:28 to 13:32 hrs., And in a moment of high intensity each day. For location, directions to
install solar cells so that they can receive the light from the Sun properly. To turn the solar
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cells to the South 14 degrees angle with the horizontal plane for Pachee district, PhraNakhon
Si Ayutthaya (14° N/100.43° E) The test, which is used as the space in the image.
Table 2: During the performance of solar cells and panels reflect light

__Joge ofSoar modul _ _— Time of Solar module
gls | Reflector of EAST | Reflector of WEST | | Horizontal solar panels |  Reflector of EAST |  Reflector of WEST | 1ime of
First Beam | Last Beam | First Beam | LastBeam | | First Beam | Last Beam | First Beam | Last Beam | First Beam | Last Beam | Overlap
0260 | 62740 | 300 | 50740 | 213 a0
o [l B - 73| 167 | 100 | 1427 | %32 | 1300 | 200
Running time (hr.) 8.55 i kW)
; ' MM | 63576 | 28 | 45176 | 268 | 4m
! ML Rl M0 T4 | 1635 | 108 | 1331 | 10:8 | 133 | 34
304 304
1L
14 24
‘a2
6 .o 6
a.) angle of reflection 60 b.) anele of reflection 67° ¢.) angle of reflection 75°

Fig. 4: During the performance of solar cells with different degrees of reflective panels

If set, the sun rise at 6:00 a.m. with an equal angle 0° and sunset time 6:00 p.m. 180 degree
angle is. And simulation degree to start solar panel cells from the above designs will be aware
of the timing and degree solar panel cells start functioning until it stops working, that is, from
Sun up until fall. By calculated from the simulation of the most degrees to 90 degrees down 1
degree at a time to make the appropriate degrees for analysis based on outcomes from the
calculations shown in table 2. Can select degrees angle of 67 degrees reflex Panel which is
the most appropriate angle. shown in Figure 5
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Fig. 5: The position of the reflection angle at right

4. Equipment used in research
The data analyzed include intensity, temperature on the solar panel, solar cell, The weather

while collecting data, the electric current and voltage based on the critical equipment as
follows.

A) Solar panels 40 watts. B) Measuring angle  C) Infrared thermo scan.
D) Solar panels installed a reflective E) Clip amp meter F) Compare reflective panels
() solar charging control H) Battery I) Pyranometer

J) Compass

Fig. 6: Equipment used in research
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5. Process research
Steps in the installation of equipment to collect data is as follows.
1. Installation of solar cell size 40 w total 2 batch adjust the direction, facing South towards
the Panel.
2. Set the solar panel at an angle to the plane 14 degrees to the second set of equipment as
shown in Figure 6.
3. Install reflective Panel adjust the 67° angle is set to an electric wiring: Figure 5.
4. Record the data consists of solar intensity value, the temperature on the solar cell, the
weather while privacy, power and voltage between April 9-15, 2014: time 6.00 a.m. - 6.00

p.m.

Solar Charge

Solar Panel Controller

Battery

Fig. 7: The wiring diagram of the circuit

6. Research and Discussion

From data capture throughout the day 7 above can be comparative analysis and found that
the. April 15, 2014 and sky conditions with high environmental temperatures throughout the
day. High power production has been low because of the solar-cell-specific properties. From
measuring temperature on the solar cell, the two sets have the highest temperature of
approximately 10 percent different. But the result showed that the solar cells installed
reflective Panel can still produce power output as well as higher throughout the day, 17.02
percent. The graph shown in Figure 8.
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Fig. 8 : Comparison chart the output power and temperature versus time the two sets

For the solutions to the problems due to high heat. If the installation of cooling. Will result in
higher efficiency in power generation, such as fins, cooling. Glass heat but from the initial
assessment revealed that the temperature of the solar panels that rise from the reflection will
be transferred out by air flow turbulent due to installation of reflection sheet transverse
direction of air flow naturally.

7. Conclusion

Results from the data analysis, above all 7 days can be analyzed, with the trend to increase
the power output of the system include increased to 27.13 percent. When compared to the
solar panel cells reflective Panel Figure 9. Therefore, installing reflective panels made of
mirrors, which is a material that is easy to find and inexpensive to add performance to the
solar cells using a simple and easy method. Those interested can apply immediately for both
commercial or houschold production or in rural areas, according to far.

Due to the number of days in the relatively short term storage. Unstable weather conditions
and limitations of a device measuring instruments. Sometimes it rains, it could not keep the
data affect data that is analyzed. If using a high-efficiency metrics can store data, such as
detailed data logger. And can store information throughout the year to make data analysis
comparing the performance of solar cells, both systems are more reliable. But from the
information store only 7 days can be analyzed. The trend of higher system performance to
27.13% .And heat of solar cells increased from reflection is air that flows around the dump by
the turbulent due to install panels will reflect the direction of wind flow does not follow
nature.
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Performance comparison
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Fig. 9: The graph compares the task force throughout the seven days of Solar both
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