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Abstract

In this research , one linear focus Fresnel lens made of PMMA plastic
material has been used to increase the incident irradiance on one solar cell by
concentrate the sun light ray on it and then to improve the cell performance.
It 1s important to find the appropriate distance between the solar cell and Fresnel
lens to reach the maximum power and efficiency.

The distance between a solar cell with dimensions (12.5¢cm x 12.5¢cm)
made of poly-crystalline Silicon and the Fresnel lens was changed. The results
showed that the best distance at which the parameters ( Is . Zmp . Voo » Vinp » Prp »
FF and n ) reached their maximum values; was 55 cm. So the output power of
this solar cell was (2.25watt) and efficiency (15.18%) before using Fresnel lens.
The power reached the maximum value (3.23watt) at (55cm) distance and it its

efficiency become (21.77%).

1. Introduction

Solar technology offers great potential in terms of supplying the world’s
energy needs. 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 (CPV), which use a limited number of small,
specialized, efficient solar cells and concentrating optics to increase the intensity
of sunlight striking the cells [1]. The basic idea of CPV is to save system costs
by focusing the sunlight onto solar cells of area (A,) through an optical devices
of area (A,) that 1s less costly than the solar cells as shown in figure (1) .The
concentration ratio (Cg) is approximately Cg = A, / A, and 1t 1s clear that the
cost saving increases with Cy [2]. Here a Fresnel lens is used to concentrate the
sunlight to a small solar cell.
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A Fresnel lens is an%%t?ga{tiggg;o éﬂﬁitwhlch can be used as a cost-eflective,
lightweight alternative to conventional continuous surface optics. The principle
of operation 1s straightforward enough: given that the refractive power of a lens
1s contained only at the optical interfaces (i.e. the lens surfaces), remove as
much of the optical material as possible while still maintaining the surface
curvature [3].

An optical system in which the goal is to converge light from a relatively
large regional area to a significantly smaller aperture can be labeled as a
condenser or concentrator. For a concentrator system a Fresnel lens design will
be thinner and lighter weight than an equivalent continuous surface optic. The
gain is most evident at especially large area applications (200 x 200 mm’* or
larger for example) in which solid core continuous refractive lenses will become
very heavy and unwieldy indeed [4].

These concentrators come in two configurations: point-focus and line-
focus. Line-focus systems use linear Fresnel lenses to focus sunlight on cells
mounted along the focal line [1].

2. Theoretical Part

The conversion efficiency 1s the most commonly used parameter to
compare the performance of one solar cell to another. It 1s defined as the ratio of
energy output from the solar cell to input energy from the sun. The efficiency
(n7) of a solar cell 1s determined as the fraction of incident power which 1s
converted to electricity and 1s defined as : [5].

y = P”f X 100% = *“’f““x 100% .. (D)

ifd 4.:}..
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Where (£,,,,) 1s the power at the maximum power point, (P;,) is the incident

power of the sun and can be calculated from multiplying the solar irradiance in
(W/m®) by the area of the solar cell or module in square meter unit, (Z;.) is the

short-circuit current, (¥,, ) 1s the maximum voltage available from a solar cell

and (FF) 1s the fill factor.
Fp 1s determined from: [6 |

Prp = Fop Vite oo (2)

Where, 1, and V,,, are the current and voltage at the maximum power point
respectively.
.. 1s the maximum current through the solar cell when the voltage across the

solar cell 1s zero and ¥, 1s the maximum voltage available from a solar cell, and

this occurs at zero current. These four parameters can be determined from the
current-voltage characteristic curve (IV-curve) which 1s shown in figure (2).
The performance of a photovoltaic cell can be characterized by its
current-voltage (IV) characteristic. It describes the relationship between the
current extracted from a photovoltaic cell and the voltage over the cell as the
resistive load connected to the cell changes. It is influenced both by the total
irradiation on the cells and on how the light 1s distributed over the cell |7.8].
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Figure (2): Graph of cell output current (below line) and power (up line) as function of voltage[8] .

The (FF) 1s the ratio of the maximum power from the solar cell to the
product of (V) and ([). Graphically, it 1s the measure of the "squareness" of
the solar cell and 1s also the area of the largest rectangle which will fit in the
current - voltage curve as illustrated in figure (2). It can be determined from the
following equation: [6]
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3. Experimental Apparatus

In this research one linear Fresnel lens used with one Poly crystalline
Silicon solar cell. The specifications of Fresnel lens was as follows:
Size : 400 x 320 mm
Thickness : 2 mm
Material : PMMA
Groove Pitch : 0.6 mm
Focal Length : 650 mm

Figure (3) illustrates how the collimated light rays become as a cone or

pyramid and concentrated to make the linear focus.

Figure (3): Linear Fresnel lens.

While the solar cell specifications was as followes:

Length : 12.5 cm

Maximum Power :  2.25 watt

Maximum Voltage : 0.46  volt

Maximum Current : 4.83 amp

Fill Factor : 0.746

Efficiency : 1518 %

Figure (4) shows the (12.5 x 12.5) em? solar cell that used in this research.

Figure (4): Poly crystalline silicon solar cell of 148.25 cm” area .
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In order to masher the parameters needed in this research a QuickSun
130CA device was used which 1s shown 1n figure (5). It 1s a versatile manually
operated single flash simulator for testing both
ordinary and high capacitance crystalline Silicon
solar cells. The system 1s easily customized also up
to (32 x 42) ecm’ mini modules manufactured from

any thin film or polycrystalline Silicon material.
This novel simulator with clear margin, providing :
enhanced IV graph measurement accuracy and é
reliability for PV industry. The current — voltage :
window as appear at the screen of this device has
demonstrated in figure (6)
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Figure (6): The current- voltage window of QuickSun 130CA screen .
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4. Procedures

In order to improve the solar cell performance to make the concentrator
photovoltaic , 1t 1s necessary to find the fitting distance between Fresnel lens (its
focal length (65cm)) and solar cell to see whether the values of the short circuit
current(/,,) ,open circuit voltage(},,) , current at maximum power point(/y,) .
voltage at maximum power point(},,) , the maximum power(Ppp), fill
factor(FF) and efficiency (#) increase or decrease . For doing this test, the
QuickSun 130CA device was used with different distance each time starting
from 10cm far from the focal length and getting to 3cm of Fresnel lens 1.e. (75-
65-55-45-35-27-15-3) cm respectively. Then the fitting distance was (55¢m) that
means the perfect distance to reach the maximum values of the (voltage , current
, power & efficiency) is less than the focal length of Fresnel lens about 10 cm.

S. Results & Discussions

An electronic load controlled by a data logger was constructed for the
measurements. The data logger sent control signals to the electronic load that
was connected to the cells. The load was able to vary the voltage over the cells
from (0) to a specific value of (V,, ) in approximately 100 micro second. The
current and voltage over the cells are measured simultaneously with the data
logger inside the measurement device (QuickSun 130CA). The current and
voltage pairs were measured in ecach measurement. The points were not evenly
distributed between O and V.. value, the majority of the points were taken
around the maximum point of the power on the current-voltage curve. The
maximum power point was calculated through a parabolic fit to the three points
closest to the maximum power point.

Since the short circuit current i1s proportional to the irradiation, it is
important to measure the incident irradiation during the measurements. The
surface of the pyranometer was mounted normal to the sun simulator inside the
measurement device.

The efficiency of the cells 1s proportional to the fill factor, which 1s
calculated at the maximum power point. A high fill factor translates to a high
efficiency. The efficiency and the fill factor are calculated from equations (1)
and (3) respectively.

The solar cell has been put on the base of the measurement device and
connected with it , while Fresnel lens has been put between the light source of
this device and the cell , then changing the distance between the cell and the lens
starting from 75c¢m to (65, 55, 45, 35, 27, 15.3) cm and tested by the (Quicksun
130CA) . Whereas the ( I , fmp » Voo » Vip » Pmp » £717 and x ) parameters of these
moves are described in table (1) .
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Table (1): The effect of variation the distance between solar cell and Fresnel lens on

the (Pup.# . JIsc, Voo s Imp » Vimp » FF) parameters .

Distance Pup n L Voe Imp Vinp FE
(cm) (watt) 0 (amp) (volt) (amp) (volt)
without lens | 2 25 15.18 5.282 0.571 4.833 0.465 | 0.746
3 2.26 15.27 5.310 0.571 4.854 0.466 | 0.746
15 2.34 15.81 5.502 0.572 5.031 0.466 | 0.744
27 2.76 18.64 6.527 0.575 5.911 0.467 | 0.736
35 2.56 17.29 6.058 0.573 5.514 0.464 0.738
45 3.19 21.50 7.671 0.580 6.824 0.467 | 0.715
55 3.32 21.77 7.7792 0.580 6.931 0.465 | 0.713
65 3.08 20.78 7.420 0.575 6.655 0.462 | 0.722
75 2.7 17.94 6.529 0.570 5.771 0.460 | 0.714

As shown from the above table, the maximum value of ( /. , Iy , Prp and
i) parameters occurs at 55cm distance .

The IV characteristic which obtained from the measurement device
(QuickSun 130CA) for the solar cell without Fresnel lens is shown 1n figure (7).
And the IV-curve for the solar cell at distances (3.15,27,35,45,55,65,75) from
Fresnel lens are shown 1n the figures (8,9,10,11,12,13,14,15) respectively.
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Figure (7):"The IV-curve for the solar cell without Fresnel lens.
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Figure (8): The IV-curve for the solar cell at a distance (3cm) from Fresnel
lens.
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Figure (9): The IV-curve for the solar cell at a distance (15cm) from Fresnel
lens.
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Figure (10): The I'V-curve for the solar cell at a distance (27cm) from
Fresnel lens.
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Figure (11):The IV-curve for the solar cell at a distance (35c¢m) from Fresnel
lens.
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Figure (12):The IV-curve for the solar cell at a distance (45cm) from Fresnel
lens.
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Figure (13):The IV-curve for the solar cell at a distance (55c¢m) from Fresnel
lens.
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lens.
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6. Conclusions

1) Just putting the limear focus Fresnel lens in front of the solar cell 1t made ( /.
2 dwp s Voo » Vip » Pmp - I77and » ) parameters mcrease .

2) Putting Fresnel lens m front solar cell increase the incident irradiance on i1t
by concentrate the sun light ray on 1t and then mmprove the cell
performance

3) The best distance between Fresnel lens used 1n this research and the solar
cell at which the parameters ( I , Tnp » Voe » Vip » Prmp , FF and # ) reached
their maximum values; was 55 cm .

4y The fitting distance or the perfect distance to reach the maximum values of
the (voltage , current , power & efliciency) is less than the focal length of
the linear focus Fresnel lens that used i this research about 10 cm.
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