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Abstract:
New designs of solar

using ray tracing program, have been presented for

improved the performance and the out put power of the silicon solar cell, as well as
reducing the cost of system working by solar energy. Two dimensional solar
concentrator (Fresnel lenses) and three dimensional concentrators (parabola dish and
cassegrain) were used as concentrator for photovoltaic applications (CPV). The
results show that the performance efficiency and out power for crystalline silicon

solar cells are improved.
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Introduction:

In an era of steadily increasing
population and increasing world
energy consumption we are faced with
a series of problems limiting our future
energy supplies. All of these problems
combine to place increased emphasis
on alterative energy source such as
solar energy which is available
internationally, safe, and relatively free
environmental impact.

Solar cells are capable of
converting sunlight directly into
electricity by photovoltaic affect; its
long life, reliability, and low
maintenance are well established. The
major factor preventing widespread
terrestrial use of solar cells is the price
at which they deliver electricity to the
user. [1-2].

One approach to the reduction of the
effective energy cost of photovoltaic
(PV) systems is to increase the solar
cell output power density by
concentrating sunlight on the cells.
Many methods were adopted to
improve the utilization ratio of sunlight
for solar cell. , Fresnel lenses, mirrors,
and luminescent solar concentrators [3-

5], and coating of fluorescent coloring
agents on the surface of solar cells to
increase the energy conversion
efficiency of the cells by reducing the
reflection of the incident light [6]. Also
micro concentrators were used to
improved solar energy conversion
efficiency  [7-9]. The  energy
conversion efficiency can be calculated
using the equation:

— Ime

CpA
where (Im, V) are the maximum power
points, p; is the incident solar power

density and A is the receiving area of
the solar cell [10].

Materials and Methodes :
Silicon Solar cell of diameter
(10) cm was used of a surface (78.5%
1.5)cm? thickness (0.5% 0.15)mm. The
applied base material of solar cell is a
single — crystalline silicon which is n —
doped on sensitized face. The cell was
supplied with tin-plated connections,

*Department of Laser and Optoelectronics Eng. University of Technology
**Department of Physics, College of science, University of Al-Mustansiriya,

571



Baghdad Science Journal

Vol.8(2)2011

which can be soldered using usual
soldering process.

Three types of two dimensional
concentrators, Fresnel lenses with
different grooves density. The first lens
made of glass, it has a focal length of
60cm, width (across the prisms) of 35
cm and a length (parallel to the prisms)
of 38cm. There were 20 prisms on
each side of the center section, their
widths decreasing monotonically from
1.8 to 0.4 cm at the outer edges. The
second circular lens has a diameter of
49 cm, the groove density is 20
grooves/mm. The third lens has high —
density grooves, more than 40
grooves/mm. Grooves of the three lens
are used down for two reasons: first to
reduce the transmission losses and to
reduce the accumulation of dust and
dirt on the lens side exposed to the sun,
this dust and dirt reduce the
transmitted light towards the focus,
thereby reducing the performance of
lens [11,12].

Three-dimensional

concentrators were design by using a
special ray  tracing program
ZEMAX]13]. The radius of curvatures,
distance between the primary and the
secondary mirrors were evaluated.
In three-dimensional
concentrator,(parabola  dish and
cassegrain) concentrators the primary
and secondary mirrors, made from
stainless —steel material with high
reflectivity. An obscuration ratio (the
ratio of the diameters of the secondary
mirror to the primary mirror) and its
effects on the acumulated energy on
the solar cell were studied. Equations
are solved using MCAD program for
different obscuration ratio (0 0.9) and
from the result the best ratio (0.5) was
selected. Auto cad program was used
to draw, cut and manufacture the
system. Figure 1, show the parabola
dish and concentrator used in this
work.
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Fig.1, Parabola and

concentrators.

The water cooling system was

used to reduced the effect of the
temperature on the output power and
performance efficiency of the parabola
and cassegrain [12].
Indoor and outdoor testing were used .
For indoor measurements, Xenon lamp
was used as artificial source of light
supplied by Pasan Company (Flasher
test- Rev 181/ 86), it gives intensity of
1-sun  (1000W/m?). The (I-V)
characteristic of the panels were
measured and drawn by a special
program  using computer  (Hp-
HEWLFT, PACKARD 85B). Outdoor
measurement was also done, the
intensity of the sun radiation in (537
W/m?) measured using solar intensity
meter.. The short —circuit current (lg)
and open —voltage (Voc)are measured
using (7045) digital multimeter
supplied by (electron plant company).
Solar intensity meter (118 from
instruments Haeni Mesgerte) was used
to give the radiation incident on the
solar cell. The temperature of the solar
cell is measured by digital
thermometer model (2754-PT100).
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Result and Discussion:
Two dimensional concentrators

(Fresnel lenses):
ii
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Fig.2, Solar cell 1-V characteristic
with and without Fresnel lenses.
Indoor

. Indoor Testing (laboratory): for
indoor testing, I-V characteristic of the
solar cell with and without Fresnel lens
concentrators is shown in figure (2).
Table 1, show that the
efficiency of the system (cells and
Fresnel lenses)
increased from  6.259  (without
concentrator) to 8.585, 13.998 and
33.857 with Fresnel lens (concentrator)
of the first, second and third type
respectively. Percent increment in peak
power output and the efficiency from
the first Fresnel lens (37.14%) to the
third Fresnel lens (440.85%) is due to
increasing of the grooves density,
which cause a high intensity
concentrated on the panel.

Table 1: Indoor parameters of the
solar cell with and without Fresnel
lenses.

Parameters Without 'I:(;:[ Second Third
lens FO E1 lens F2 lens F3
I (mA) 214 269 293 912
Al g (mA) - 55 179 698
V. (V) 0.4572 0.4617 0.4721 0.462
AV, (mV) - 45 14.9 4.8
%I] 6.259 8.585 13.998 33.857
%o 7 - 37.16 123.65 440.897
P (W) 0.04914 | 0.0674 | 0.10989 0.265
Yo AP, (W) - 37.14 123.63 440.858
B! oo 1 1.371 2.236 5.408
C 1 1.257 1.836 4.261

e Outdoor Testing: Figure 3
shows the effect of field
(environment) on the
characteristics of Si solar cell
with Fresnel lens concentrators.

Current ()

Yoltage (V)

Fig.3, Solar cell 1-V characteristic
with and without Fresnel lenses.
outdoor

Table 2  indicates  that
efficiency of the cell is increased from
5.082 (without concentrator) to 6.713,
10.92, and 11.458 with Fresnel lens
concentrators (1st, 2nd and 3™ type
respectively). It is shown that this
increment is less than the indoor
testing which indicates the effect of
field high temperature on the
performance of the solar cell. Although
the short circuit current is increased
with the irradiance (see figure 4), while
figure 5 shows that as of environment
temperature is increased, the open
circuit voltage is decreased which
reduce the cell conversion efficiency of
the cell. So cooling system was
suggested.
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Fig.4, Short circuit current
with irradiance on the cell
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Fig.5, Open circuit Voltage
with cell temperatures.

Table 2: outdoor parameters of the
solar cell with and without Fresnel
lenses.

Witho
ut
lens

©)

Second

First lens
lens

Parameters lens

Third

I (mA) 564.8 660 835 902.7

Al (mA) 95.2 270.2 337.9

V.. 0.4491 0.4149

0.4631

AV, (MV) 19.1 533 5.1

6.713 10.92

Yon

11.458

%An 32003 | 114.876

125.46

P (W)

0.158098 0'257739

0.2698

YAP, (W) 32.10 115.21

125.58

1.372 2.16 2.33

mo

1.168 1.478 1.598
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Three dimensional concentrators
( Parabola and cassegrain);

Parabola concentrator: Parabola
concentrator was used, the intensity
radiation increased from 300 W/m? to
1200 W/m? without and with parabola

concentrator respectively. The 1-V
characteristics is shown in figure 6
1600
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1200 —;
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Fig.6, -V characteristics of silicon
solar cell using parabola

concentrator with cooling.

while table 3, indicate that the
efficiency and output power also
increased to 16.2 and 0.382 watt
respectively. While when the cooling
is used, the temperature is decreases
from 60°C to 35°C and due to that, the
efficiency increased to 18.3% and
output power to 0.433 (watt).
Cassegrain concentrator: Intensity of
the radiation is increased to 3000W/m?
when Cassegrain concentrator was
used, and efficiency and output power
(table 3, figure 7 are improved when
the cooling in used, they increase to
21.7% and 0.531 (watt) as shown in
table 3.
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Table 3, Characteristics of Si solar with and without the parabola and cassegrain
concentrator, effect of cooling is shown also.

Cell only Parabola concentrator cgﬁzse?%:igr
Parameters | \wihout | With | Without | With | Without | With
cooling | cooling | cooling cooling cooling | cooling
I .(mA) 656 660 1116 1173 1139.9 | 1481.86
2
LW/ m”) 300 300 1200 1200 3000 3000
V.(V) 0.4688 0.525 0.435 0.4942 0.454 0.475
Yon 5.082 6.8 16.2 183 16.7 217
Py (W) 0.119 0.162 0.382 0.4333 0.3946 | 0.5132
YAF, (W) 36.13 221 264.1 2315 | 3312
P /P, 1 1.36 3.21 3.641 3317 | 4312
C 1 1 4 4 10 10
- 2- Benitez, P. and Mifiano J. C., 2004,
1000 — “Concentrator Optics for the next
e generation photovoltaics”. Chap.
z 13 of A. Marti and Luque, A., Next
E o Generation Photovoltaics: High
S ] Efficiency through Full Spectrum
o Utilization, (Taylor & Francis,
{ o e CRC Press, London,).
©r = T i 3- Al-Ani, S. K. Al-Hamdani A.H. &
. Voltage (V3 . Blawa B.D, 2000, “Improvement
Fig.7, 1-V characteristic of silicon of solar cell efficiency using
cell using cassegrain concentrators Fresnel lens design”, Arab energy
with cooling. and  sustainable  devlopment,
. AESD, Damascus, Syria.
The use of cassegrain concentrator 4- Al-Hamdani. Ali. H.. Al-Ani S. K
increase the output power by factor and Blawa. D.. 2001. “Performance
four which reduced the Si material size of tWo 7st’agé's solar, concentrator”
which reduce the size of all system . 12 international Mechanicai
Also one of the great a_dva_ntage of power  Engineering conference
cassegrain concentrator is increased Egypt- Monsoura
the depth of focus of the system which 5- Pipat Ruankham.l Chaiyut Sae-

simplified the tracking system and
reduce the total cost of the solar energy
system.
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ZEMZX-EE optical design
Program version 6 ,2003, ZEMAX
Development Corporation ,4901
orena Blvd., Suite 207,San Diego,
CA 92117-7320 USA.
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