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ABSTRACT

Reflector is used to increase the amount of solar radiation that the solar panels are exposed
with, thus increasing the production of electric power. Parameters and I-V characteristic curve
of a solar panel is strongly influenced by the amount of solar radiation received by the solar
panels. This paper will discuss the effects of flat reflectors on the parameters and I-V
characteristic curve of the solar panels. The parameters are solar radiation and temperature at
solar panel, maximum power output (Pvipp), voltage when Pypp is reached (Vivpp), current when
Pmpp 1s reached (Impp), short circuit current (Isc), open circuit voltage (Voc), and Fill Factor
(FF). In this study, the types of reflector material are stainless steel mirror and aluminum foil.
Reflector is placed beside solar panels. Reflector tilt angle was varied at 30, 45, 60, and 75
degrees. The measurement results show that the greatest increases in solar panel producing
electric power are achieved at 75 degrees tilt angle. Aluminum foil reflector and stainless steel
mirror can increase power output of solar panels until around 31.5 % and 21.5% respectively. In
this tilt angle, for these two types of material reflector, Voc and Vvpp tend not to change, Isc,
Inpp, solar radiation and temperature on solar panel are increasing, whereas FF is decreasing
around 4%. Changes in these parameters refer to the condition without a reflector.
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1. INTRODUCTION

Sunlight is one of the renewable energy resources and it can be converted into electrical energy
by using solar cells. A collection of solar cells are assembled into solar panels, therefore it has a
voltage and current greater than a solar cell. Solar panels are very suitable implemented in a
place that has high sunlight intensity.Moreover the solar panels have several advantages, such
as pollution-free during the process of conversion of solar energy into electrical power and low
maintenance costs. It is also beneficial since sunlight has the highest power density compared to
other renewable energies. However, the price of solar panel device and installation are quite
expensive, so it costly for the initial investment.

For those reasons, user needs optimization on solar panel performance to generate electric
power as much as possible. The greatest electrical power that can be produced by a solar panel
indicates the optimal performance of the solar panels. Increasing solar radiation will also make
the power output of solar panels increase. The amount of solar radiation at solar panel can be
increased by reflector. It produces reflected light that will be exposed to the solar panel. Thus,
the solar panels have two sources of sunlight.
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Besides, reflector is designed to have the same size or larger than the solar panels so that all
reflected light falls onto the surface of the solar panel.

Research on the use of reflectors in solar panels has been conducted previously by other
researchers. Tabaei and Ameri, for example, investigated that aluminium foil and stainless steel
reflectors can increase power output around 8,5%-14% of polycrystalline solar panel (Tabei,
2012). Aziz-ul Haq also investigated the effect of single and two flat reflectors of aluminium to
40W solar panel (Hug, 2000). Rizk and Nagrial (2008), however, used 4W amorphous solar
panels connected in series. They claimed that the affect found an increase of around 40% that
can be achieved by using this method of concentration (Rizk & Nagrial, 2008). No one has
showed the I-V characteristic curves of solar panel at direct measurement with a value of solar
radiation (not the average solar radiation in one day) and short periods of time. Moreover, none
of them discussed Fill Factor parameter affected by reflector.

The parameters of solar panel are maximum power output (Pypp), voltage when Pypp is reached
(Vmpp), current when Pypp is reached (Impp), short circuit current (Isc), open circuit voltage
(Voc), characteristic resistance (Rcp), and Fill Factor (FF). Solar panels have the same
calculation of solar cells, but differ only in the value of the quantity. Almost all of these
parameters are illustrated in the I-V characteristic curve of solar panel. Equation for I-V curve
of the solar cell is

I=1; -1, [exp (%) - 1] (1)

where:

Ip : light generated current (Ampere)
Iy : dark saturation current (Ampere)
[ : current (Ampere)

T : temperature (Kelvin)

: 1.602 x 10" Coulomb
: voltage (Volt)

: ideality factor

: Boltzmann's constant

xS <©Q

Isc is current when the voltage across the solar cell is zero. Isc, same as I, during the resistance
of solar panel, is less than 10 Qcm? (Bowden & Honsberg, 2013). Voc is voltage when the
current across the solar cell is zero. Equation for Voc is

k I

VOC: u In (_L +1) (2)
q Io

The short-circuit current and the open-circuit voltage are the maximum current and voltage

respectively from a solar cell. However, at both of these operating points, the power from the
solar cell is zero. Equation for the power from the solar cell, P is

P=1xV 3)
Isc depends linearly on sunlight radiation at solar panel whereas Voc increases logarithmically

with sunlight radiation at solar panel level as shown in the equation below (Bowden &
Honsberg, 2013)

Voc= nqﬂ In (%fc) = nTkT [ln (If‘—oc) +In X] =Voc+ nqﬂ InX 4)
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X is an increase in sunlight radiation at solar panel level. FF is defined as the ratio of the
maximum power from the solar cell to the product of Voc and Isc. The FF is illustrated below.
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Figure 1. Fill Factor (Bowden & Honsberg, 2013)

Equation for FF is

P V x]
FF=_tvep _ VieeXIviep (5)
VocxIsc  VocxIsc

Rcy 1s the output resistance of the solar cell at its Pypp. If the resistance of the load is equal to
the characteristic resistance of the solar cell, then the Pypp is transferred to the load. It is a
useful parameter in solar cell analysis, particularly when examining the impact of parasitic loss
mechanisms. The characteristic resistance is shown in the figure below.
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Figure 2. Characteristic of resistance (Bowden & Honsberg, 2013)

Equation for Rey is

Ren = e (0)
It can alternately be given as an approximation where:

A
Reg = ?OCC (7
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2. METHODOLOGY

In this research, one reflector is used for one solar panel. The reflector is designed to have 2.4
meters length and 1.2 meters width. It is arranged so there will be no shadows on the solar
panel. This study is using a flat reflector with the types of material, such as stainless steel
mirror and aluminum foil. The reflector is placed beside solar panels. Reflector tilt angle was
varied at 30, 45, 60, and 75 degrees. The placement of the reflector is shown in the Figure 3.
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S
+
<
4
©
i SOLAR PANEL
REFLECTOR \
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Figure 3. The placement of reflector

The solar panel characteristics are shown in the table below.

Table 1 Solar panel specification

Electrical Characteristics

STC Power Rating Py, (W) 180
PTC Power Rating P, (W) 161.0
PTC/STC Power Ratio 89.4%
Open Circuit Voltage V. (V) 44.6
Short Circuit Current Iy (A) 5.40
Voltage at Maximum Power V., (V) 35.4
Current at Maximum Power I, (A) 5.09
Panel Efficiency 14.1%
Fill Factor 74.7%
Power Tolerance -3.00% ~ 3.00%
Maximum System Voltage Vi (V) 1000
Maximum Series Fuse Rating (A) 15
Temperature Coefficients
Temperature Coefficiency of I 0.039 %/°C
Temperature Coefficiency of V. -0.31 %/°C
Temperature Coefficiency of Py, -0.42 %/°C
Mechanical Characteristics
Cell Type Monocrystalline Cell
Cell Size (mm) 125%x125
Cells 6x12

1580x808%35 mm (31.8x62.2x1.4

Dimensions .
inch)




192 Impact of Two Types Flat Reflector Materials on Solar Panel Characteristics

Two solar panels were used during the experiment and measurement, one as a reference
(without reflector) and the other is varied by using reflectors. Measurements were performed in
Depok, West Java, Indonesia with position -6.36 south latitude and 106.82 longitude. A
characteristics analyzer is measuring tool in this study. Researchers took measurements in the
morning, May 3, 2013, at 09:25:26 until 10:18:10 local time. The measurements were made
directly and refer to the EN 61829 standard about the direct measurement of the I-V
characteristic curve of solar panels that determine the amount of solar radiation at solar panel
level at least 700 Watt/m” for accurate measurement results.

3. RESULTS AND DISCUSSION
Results of this study are unique because the measurement result depends on the latitude and
longitude that influence the position of the sun. Reflectors resulted in an increase of solar

radiation at the solar panel level and solar panel temperature. The result is shown in the Figure
4.
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Figure 4 Solar radiation and temperature with different angles of stainless steel reflector (A) and
aluminium reflector (B)

From the measurement results, the solar panel obtains the greatest increase production of
electric power (an optimal solar panel performance) by using of a reflector tilt angle at 75
degrees for both types of reflector material and the I-V characteristic curve is shown in the
Figure 5.
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Figure 5. I-V and P-V curve of solar panel with different reflector materials.The P-V curve is calculated
from the measured I-V curve
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Table 2 Summary of solar panel parameters with stainless steel and aluminium reflector

Material Type of Tnipp Vpp Pyipp Isc Voc Fill Factor
Reflector (Ampere) (Volt) (Watt) (Ampere) (Volt)
Stainless Steel Mirror 21.1% 0.31% 21.5% 27.4% 0.3% -4.1%
Aluminium Foil 34.3% -2.00% 31.5% 36.0% 0.7% -4.1%

Table 2 shows that the reflector makes Pypp increase in solar radiation at solar panel level (see
curve before). Solar radiation increases lead to increased temperatures on the solar panel. The
efficiency benefits of reflector may be reduced by increased losses in series resistance as the Isc
current increases and also by the increased temperature operation of the solar panel. As losses
due to Isc depend on the square of the current, power loss due to series resistance increases as
the square of the reflector (Bowden & Honsberg, 2013). However, the measurement results
show that the increased solar radiation more strongly influences the rise Pypp and there is no
power loss. Decreased Pypp occurs when solar radiation decreases. From the measurement
results, it can be seen that the reflector made of aluminium foil is the best because it produces
larger increase in Pypp.

The measurement result indicates that the increase in solar radiation resulting from the use of
reflectors making an influence on the increasing in current solar panels either Iypp or Igc. For
voltage, both Vpp and V¢, the resulting increase in radiation due to the use of reflectors does
not make changes in the value of the voltage. There were very small changes that happen once.
Theoretically, at the same temperature, the amount of Voc is directly proportional to the
logarithmic increase in solar radiation and Isc linearly proportional to the increase in solar
radiation. FF decreases due to an increase in solar radiation caused by the use of reflectors. This
is because the increase in the value of Igc is greater than Iypp. Isc increases greater than Iypp due
to decrease in Rcy. The decreasing characteristic resistance is shown in the figure below.
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Figure 7. I-V curve related to Ry ,(A) I-V curve reference and (B) I-V curve using aluminium reflector
When solar radiation rises, Isc will rise linearly. Isc increase will make Ry fall and rise Iypp.

The newly Rcp-V curve formed so that the I-V curve of solar panel with a reflector formed.
Once the I-V curve is formed, it can be seen that the increase in Isc is definitely greater than the

increase in Iypp.
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Figure 8. I-V curve related to Ry ,(A) I-V curve reference and (B) I-V curve using stainless steel
reflector

Greater reduction in Rcy makes the larger increase in Pypp, but is not necessarily the value of
FF to decrease. In this study, Rcy value only affected the increase occurring between Iypp and
Isc because the value of Voc and Vypp likely remain. Thus, the value of FF will change
according to the ratio of the increase Ivpp and Isc. If Isc is much larger increase than the
increase Iypp, the FF value will drop even further.

The measurement result shows that by using aluminium reflector, the increase of Isc (around 6
A) exceeds the data sheet standard (Isc factory characteristic 5.4 A). Consequently, it can
impact on destruction of solar panels itself.

The measurement results also show that the I-V characteristic curve from solar panel without
using reflectors is smaller than I-V characteristic curve from solar panel using the reflector.
This is due to an increase in solar radiation which causes changes to almost the entire
parameters characteristic of the solar panels. Slight slope in the I-V curve, both slope down or
up, occur due to thin clouds that block sunlight when the measurement took place.

4. CONCLUSION

Laying the right tilt angle and type of reflectors material can boost the performance of solar
panels to generate electrical power. In this case, 75 degree of tilt angle aluminium foil reflector
and stainless steel mirror can increase power output of solar panel until around 31.5 % and
21.5% respectively. However the FF/fill factor is decreasing around 4%, it indicates that the
ratio of the maximum power from the solar panel to the product of Voc and Igc is reduced.
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