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Abstract: In this research two flat glass mirrors is used as concentrator of solar panel system. The mirrors
increase's the concentration of sun light ray on the solar module. Anew model of solar panel system is designed
by mean of software Zemax in order to find best possible inclination angle of the concentrator that improves the
performance of the solar panel. So the efficiency is 59.5% for designed system with inclination angle 60° of the
concentrator. Then a practical design for the solar panel system with concentrators is established. The outdoor
measurements for the practical design indicated that the output power and efficiency is increasing by increasing
the inclination angle of the concentrator and reaches its maximum value at 60° at different times of the date 5-2-
2014. Also the results showed that the maximum value of efficiency is 0.85 at 11 o'clock at 60°. While the
maximum value of the output power is 72.8w at 12 o'clock of the same day.
Keywords: solar panel, concentrators, flat mirror concentrator.

I.  Introduction

The need for energy from renewable sources has become a pressing issue in recent years. Renewable
energy is the essential development for the secure future. Among various natural resources, solar energy is a
radiant energy that produced by the sun. The solar energy that is incident on the earth surface can be converted
directly to electricity by photovoltaic (PV) or into thermal energy by solar collectors.

A PV module consists of individual solar cells electrically connected together to increase their power
output. They are packaged so that they are protected from the environment and so that the user is protected from
electrical shock. However, several aspects of PV module design which may reduce either the power output of
the module or its lifetime need to be identified. A final structural component of the module is the edging or
framing of the module. A conventional PV module frame is typically made of aluminum. The frame structure
should be free of projections which could result in the lodgment of water, dust or other matter [1].

The using of solar energy in Iraq faces real problems which indicated as accumulation of dust on solar
panels and the high ambient temperatures. The accumulation comes from the increasing of activity of dust storm
after the year of 2000 due to the global climate change, enlarging the desertification and the shortage in water
resources. The input optical power, that reaches to the solar cells, decrease with period time and reached to
about 50% for one month under the effect of natural deposition of dust [1].

Over the last few decades, there has been an increasing effort from governments, industry and
academic institutions to find useful way to improve the solar cell or photovoltaic cell efficiency. One of these
ways is concentrator photovoltaic systems, which use a limited number of small, specialized, efficient solar cells
and concentrating optics to increase the intensity of sunlight striking the cells such as [2-6].

Il.  Solar Module Characteristic
A solar Module is a set of solar cells connected in series. Solar panels are referred to by the industry as
solar cell modules or PV modules. Module or panel is flat arrangement of series connected silicon solar cells.
There are generally 30 to 36 solar cells per module. The modules can be wired as series or parallel arrays to
produce higher voltage and currents as illustrated in Figure (1).
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Figure (1): Te image of solar array [7].

The equivalent circuit of a solar Moduleis the sum of the solar cells equivalent circuits connected in
series. These circuits are shown in Figure (2). With sunlight on the Module and no external load, all the current
from the source is through the series diodes, but the output voltage of the Module is the sum of the voltages
across the diodes [8].
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Figure (2): (A) Solar cell equivalent circuit and (B) solar module equivalent circuit [9].

The open circuit voltage (Voc) is the maximum voltage available from a solar cell, and this occurs at
zero current. The open circuit voltage corresponds to the amount of forward bias on the solar cell due to the bias
of the solar cell junction with the light — generated current. The Voc is shown on the 1V curve in Figure (2)
[9,10] .
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Figure (3): Solar Module Characteristic Curve under Standard Test Conditions (STC) [9].

The Voc can be calculated from the relation [8]:

v, =%Tln (’—L+ 1) .......................................................... 1)

Where kT/q, is the equivalent thermal voltage, I is photocurrent (light generated current ) and I, is
reverse saturation current [11].

With sunlight on the Module and a short- circuit load, the entire current source is through the short. This is

the solar Module short-circuit current from the current source is through the short which is denoted (ls) [8]. I

occurs on a point of the curve where the voltage is zero as shown in Figure (2). At this point, the power output

of the solar cell is zero. The series resistance (Rg) of the solar cell contributes highly on power loss as the

current reaches its maximum limits. Ideally the I is equal to the light generated current (1) which is countered

by all wavelengths less than (Zg ), numerically expressed as follows [12]:
A9
R 3 L @)
0

Where( /g) is the maximum wavelength causing generation of carriers, w(A)is the external quantum

efficiency which represents the ratio of Photo- generated current to the number of incident photons and ¢(A)

is the incident photon flux. The Isc is due to the generation and collection of light — generated carriers. For an
ideal solar cell at most moderate resistive loss mechanisms , the Isc maximum when the Vqc is zero and the light
generated current are identical .Therefore, the (Isc) is the largest current which may be drawn from the solar
cell. It depends on a number of factors like the area of the solar cell, the number of photons, the spectrum of the
incident light, the optical properties (absorption and reflection) of the solar cell, the collection probability of the
solar cell, which depends chiefly on the surface passivation and the minority carrier lifetime in the base [10].
The point (P,,) on the knee of the curve, marks the value of current and voltage at which the module
delivers the greatest power for a given level of sunlight. Under standard test conditions (Irradiance 1000 W/m2,
air mass (AM=1.5 at 6= 60°), angle of incidence (AOI=0°) and temperature (25°C), the maximum current (l,)
and maximum voltage (V) at maximum output power (P,,) defined the rated power of the module. The other
characteristics of solar module are conversion efficiency (i) and Fill factor (FF). The conversion efficiency is
defined as the ratio of output electrical power to incident optical power.
The efficiencies equation can be written as [13].

1V
n =—-x100% :%xloo% ...................................................... (3)
P =Vor 1S FE oo 4)
Pin= IX A oo G

Where P;, is the incident power of the sun and can be calculated from multiplying the (1) solar irradiance in
(W/m2) by the area of the solar cell or module (A) in square meter unit.
Since the (lIsc) is proportional to the irradiation, it is important to measure the incident irradiation during the
measurements. The irradiation can be measured using a pyranometer or solar meter device. The surface of the
solar meter is mounted normal to the sun [14].
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And FF is the ratio of the maximum output power to the product Isc.Voc [13]
R, ©
IscVoc

If all the solar cells in a module have identical electrical characteristics, and they all experience the same
insolation and temperature, then all the cells will be operating at exactly the same current and voltage. In this
case, the 1V curve of the PV module has the same shape as that of the individual cells, except that the voltage
and current are increased [1]. The overall 1V curve of a set of identical connected solar cells is shown Figure (4)
[1].

T 3

ltatal = M x lse

current

Viotal = M x Vo

voltage
Figure (4): 1-V curve for N cells in series x M cells in parallel [1].
The equation for the circuit is [1]:

Vr
Ip=M-I,—1, [exp (:k—NT) - 1] ................................................. 7)

where:
N is the number of cells in series.
M is the number of cells in parallel.
I is the total current from the circuit.
V is the total voltage from the circuit.
I, is the saturation current from a single solar cell.
I_ is the short-circuit current from a single solar cell.
n is the ideality factor of a single solar cell.
g, k, and T are constants
The total current is simply the current of an individual cell multiplied by the number of cells in parallel.
Such that:

Isciotal = Ise X M o (8)
Imptotal = IMP X Mo (9)
Voctotal = Voc X N oo, (10)
Ve total = VIMP X N o (11)

I1l.  Solar Panel Model Design Using Software Zemax
A theoretical model has been designed by using software Zemax to determine the best angle of

inclination of the flat mirror concentrator (FMC) which is fixed on the solar panel module and then its
inclination angle is changed from 10° to 90° by steps of 10° in order to get optimum angle that gives higher
efficiency. The input parameters in Zemax window includes:
1-The object distances (for the sun i.e infinity distance).
2- The radius of curvature of the concentrator mirror (< i.e plane).
3-The coated material of the concentrator (Ag), (refraction index of the reflection coating).
4-The inclination angle between the concentrator mirror and the solar panel.
5- The dimension of solar concentrator and solar panel (length 146 cm — width 68cm).
6- The wavelength of the incident light (UV wavelength 0-380) nm, (visible wavelength380-780) nm.
7- Entrance pupil diameter of the system 150cm.
8- Filed of view of the total system 0.25
9- The angle of the incident light with the system 45°.

Table (1) shows the change in the inclination angles of the concentrator with the solar panel using the
Zemax and the values of # at each angle.
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Table (1): The efficiency of the each angle by Zemax software

X-position z-position tilt y(0) Efficiency n %

mir 1 610 -60 10 28%
mir2 -610 -60 -10

mir 1 600 -120 20 28%
mir2 -600 -120 -20

mir 1 590 -180 30 28%
mir2 -590 -180 -30

mir 1 550 -220 40 29.40%
mir2 -550 -220 -40

mir 1 500 -240 50 44.30%
mir2 -500 -240 -50

mir 1 480 -280 60 59.50%
mir2 -480 -280 -60

mir 1 440 -320 70 52%
mir2 -440 -320 -70

mir 1 370 -350 80 38%
mir2 -370 -350 -80

mir 1 320 -360 90 28%
mir2 -320 -360 -90

Table (1) shows that the maximum efficiency is 59.90% at angle 60°.

The output result after optimaization include:
1-The irradiance distribution on the solar panel.
2-The collection efficiency by the solar panel.

IV.  Practical design
The designed system (Figure 5) consist of two concentrator (flat mirrors that made of glass) with length
146 cm and width 68 cm for each one of the mirrors enclosed by aluminum frame and connected with a solar
panel tilted at 45° from the horizon in the direction of the sun to concentrate light on the solar panel in order to
make the sun light covering a largest area of it. The length of the solar panel is 147cm, width 68cm and consists
of 36 solar cell peak power 110W ,peak voltage 17.5V, peak current 6.29Amp, Voc = 22 V and the Isc =6.85
Amp ,weight 12.5 kg, maximum system voltage 1000V ,temperature T=25°C, Solar radiation 1000W/mz2.

T
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Figure (5): (a) The static solar panel with inclination angle 45 ° with horizon
(b) The concentrator inclined with angle 60°.
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The inclination angle of the concentrator on the solar panel has changed with different values from
30°to 80° with step by 5° during every 55 minutes once for several times a day.

V. Results
The Figure (6-a -b) show the designed system with inclination angle 60° at which the efficiency is
(59.5%) that constructed from software Zemax. The two plates (red and green), represents the concentrator and
the black one represent the solar panel. The blue lines represent the incident light. The intensity of solar
radiation on the solar panel system is shown in figure (7). While figure (8) show the spectrum of the
illumination intensity of the solar panel system at inclination angle 60".

(@)
Figure (6-a-b): Designed solar panel system using software Zemax
with a FM concentrator.

Figure (7): The intensity of solar radiation on the solar panel system.

Figure (8): The spectrum of the illumination intensity of the solar panel system at 60

The out dower measurements of Isc, Voc, P, T, FF and # for the solar panel system at different times
of the date 5-2-2015 are illustrated in tables (2), (3), (4) and (5).
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The results showed the optimum angle that gives the best efficiency for the designed system is 60° and
this is in a good agreement with the result that is constructed from software Zemax.

Table (2): The characteristics for the static solar panel at different inclination angles of the concentrator at 9 am

on 5-2-2014.

Angle Voc Isc P T FE o Solar radiation Intensity
(degree) V) (amp) (W) (h.m) 770 (Wicm?)
80 20.9 1.1 22.9 9 1.6 0.42 150
75 20.9 14 29.2 9.2 12 0.54 150
70 20.9 15 31.3 9.5 1.1 0.57 150
65 20.8 1.6 332 9.8 11 0.61 150
60 20.7 1.8 372 9.11 1 0.68 150
55 20.7 1.7 35.1 9.13 1.0 0.65 150
50 20.7 1.6 331 9.16 1.1 0.61 150
45 20.6 1.4 28.8 9.19 1.2 0.53 150
40 20.8 12 24.9 9.22 14 0.46 150
35 20.8 1 20.8 9.24 1.7 0.38 150
30 20.8 1 20.8 9.27 1.7 0.38 150

Table (3): The characteristics for the static solar panel at different inclination angles of the concentrator at 10 am

on 5-2-2014.

Angle Voc Isc P T FE Y Solar radiation Intensity
(degree) V) (amp) W) (h.m) 77 (Wicm?)
80 20.8 0.83 17.2 10 25 0.31 150
75 20.8 1 20.8 10.2 21 0.38 150
70 21 1.1 23.1 10.4 1.9 0.42 150
65 21 15 315 10.6 1.4 0.58 150
60 21.1 2 44.3 10.9 1 0.82 150
55 21 2 42 10.11 1.0 0.77 150
50 20.9 2 41.8 10.14 1.0 0.77 150
45 20.8 1.9 39.5 10.17 1.1 0.73 150
40 20.7 1.7 35.1 10.19 1.2 0.65 150
35 20.8 1.4 29.1 10.22 15 0.53 150
30 20.8 1 20.8 10.25 2.1 0.38 150

Table (4): The characteristics for the static solar panel at different inclination angles of the concentrator at 11

am on 5-2-2014 .

Angle Voc Isc P T FE o Solar radiation Intensity
(degree) V) (amp) (W) (h.m) 77 (Wicm?)
80 20.7 1.7 35.1 11 1.7 0.48 200
75 20.8 1.9 39.5 114 15 0.54 200
70 20.7 2.1 43.4 11.6 1.4 0.60 200
65 20.6 24 49.4 11.8 1.2 0.68 200
60 20.6 3 61.8 11.11 1 0.85 200
55 20.6 0.9 59.7 11.13 1.0 0.82 200
50 20.7 29 60 11.15 1.0 0.83 200
45 20.7 2.8 57.9 11.17 1.0 0.80 200
40 20.6 2.8 57.6 11.19 1.0 0.80 200
35 20.6 2.7 55.6 11.21 1.1 0.77 200
30 20.6 2.7 55.6 1123 1.1 0.77 200

Table (5): The characteristics for the static solar panel at different inclination angles of the concentrator at 12 on

5-2-2014.

Angle P T Solar radiation Intensit
(deg?ee) Voc (V) | Isc (amp) (W) (h.m) FF 7% (Wicm?) /

80 20.6 25 51.5 12 1.4 0.57 250

75 20.7 2.7 55.8 12.2 1.3 0.62 250

70 20.9 3 62.7 12.5 11 0.69 250

65 20.8 3.3 68.6 12.7 1.0 0.76 250

60 20.8 3.5 72.8 12.11 1 0.80 250

55 20.7 35 72.4 12.13 1.0 0.80 250

50 20.7 3.7 68.3 12.16 1.0 0.75 250

45 20.8 3.2 66.5 12.19 1.0 0.73 250

40 20.7 3.2 66.2 12.21 1.0 0.73 250

35 20.7 3 62.1 12.24 11 0.69 250

30 20.6 3 61.8 12.27 11 0.68 250
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VI.  Conclusion
The results showed that the output power of the designed system and its efficiency is increasing by

increasing the inclination angle of the concentrator. It reaches its maximum value at 60° at different times of the
date 5-2-2014. Also the results showed that the maximum value of efficiency is 0.85 at 11 o'clock with
inclination angle 60° of the concentrating mirror with solar panel. While the maximum value of the output
power is 72.8w at 12 o'clock of the same day.
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