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Abstract: The most common method to improve the efficiency of photomodule is a individual mounting of
reflecting solar mirrors to the PV modules. This study presents the efficiency of energy conversion of fixed
photomodule with reflective mirrors and photomodule with dual-axis solar tracking system. Proposed
construction hubs uses 2 mirrors with silver plating (reflectance not less than 85%), which are mounted to the
top and bottom of photo modules. In this article have previously been selected two identical photo modules.
Made a comparative analysis between the mirror augmented photovoltaic (MAPV) and PV with a dual-axis solar
tracking system. The results showed a difference in the power of 21.9%. But comparisons MAPV with
stationary photomodule, according to a study the MAPV will produce 9.4% more energy than simple non
tracked photomodule.

Key words: Photomodule  Mirror augmented photovoltaic  Reflection  Solar energy  Dual-axis solar
tracking system.

INTRODUCTION Studies in recent years, domestic and foreign

There  is  currently  a  significant  increase in into electrical energy could be competitive ability in
interest in using of solar energy for industrial and relation to traditional energy sources have now [1].
domestic needs. Previously, solar energy in obtaining of Distance   from   the   Sun   to   the   Earth   as   it
cold, heat, electricity could not be a major part of the moves  in  its  orbit  deviates  from  the average value in
energy mix because of two main reasons: first, the cost of the range of 98.3 - 101.7%, which leads to the
energy conversion of solar radiation was significantly corresponding seasonal changes [2]. When the sun is
higher than for other sources, such as oil, gas, coal. closest to the earth, January 3, solar intensity at the outer
Secondly, for the development of solar energy, there were edge of Earth's atmosphere is about 1400 W/m  and when
no serious reasons similar to those that existed, for the sun is farthest, July 4, the solar intensity is 1330 W/m
example,  nuclear  energy  and provided a significant [3]. But for energy calculations it does not matter and
boost to the development and peaceful use of nuclear space solar power operate an average annual value of
energy. 1367 W/m  [2].

In  recent  years,  the  movement  for   the In our research, in order to increase efficiency photo
preservation of the environment, as well as a significant module optimization, installing of solar panels on the
increase in fuel prices and a limited supply of natural basis of follow-up was considered, which is designed to
energy resources - provide a solid foundation for track the sun movement. The sun's rays fall on the surface
developing  interest  in  the  development  of   solar of the panel at an angle of 90° degrees improves
energy. production efficiency of PV modules, therefore the design

scholars have shown that the conversion of solar energy
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mentioned above, has been applied. [4]. Secondly, the
installation to PV modules the solar mirrors that focus the
additional sunlight to Photomodule surface.

Efficiency in practice means a ratio of a maximum
power P , which can be removed from the unit areamax

photo module the total solar radiation power W, incident
perpendicularly on the surface of the working unit photo
module expressed in percentage: Fig. 1: The real photo module scheme.

W = A * cos (1)

(2)

Here, A represents a certain limiting factor in the
design of transformation, because they cannot convert Fig. 2: Laboratory bench of solar PV
100% of the solar light absorbed into electricity [4].

Permanently mounted photo module can produce a
high percentage of the energy available only in the
afternoon, a significant power is available in the early
mornings and afternoons in the time interval 8.30-15.00 [5].
Thus, the main benefit of the system is tracking to gather
as much solar energy for the longest period of the day
with the most accurate alignment [4]. Relying on such an
environment, in our research, in the coordinates of N
43°13  and E 76°46  data were taken from the PV modules.I I

Stationary mirror augmented PV has been installed under
the optimal 45° degrees relative to the ground and PV with
solar tracking system are reacted to the sun's rays Fig. 3: Current-voltage characteristics of PV modules
automatically.

Testing of Pv Modules: The following current-voltage of minority carriers across the p-n junction in the
characteristic determining formulae were used during the dark.
research of real photo module (Fig. 1): R = Load resistance

(3) R = Resistance photo module

(4) T = Absolute temperature

(5) of U  and I , is the power taken from photo

I = Load currentl

U = Load voltage For research were selected photo modules with thel

I = Current from the light same  characteristics.  So  initially  were   comparedph

I = Short-circuit current current-voltage  characteristics of PV modules  (Fig.  3.).sc

I = Algebraic sum of the hole and electron currentso

l

U = Open-circuit voltageoc

ph

q = The electron charge (1,6*10 )-19

k = Boltzmann constant (1,38*10- )16

[Xi] = value, which can be called the fill factor (this
ratio shows how much of a power, the product

oc ssc

module; for the good elements the value of î can
be up to 0.8) [6-8, 4].
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And from obtained values of PV modules have been
defined difference in 9-13%, which is within the normal
range. In laboratory bench PV modules are tested at
different illumination [4].

Designof Non-Tracked Mirror-augmented Photomodule
Panels: In developing photovoltaic (PV) technology, it is
crucial to provide low cost PV power. One of the useful
methods is to increase the power output of conventional
PV modules since the major cost (module manufacturing, Fig. 4: Design model of mirror concentrators
mounts, wiring, installation labor, etc.) tends to scale with
system area. Increased power output, due to improved
light harvesting, will produce more power per unit area.
The use of PV modules, which have been augmented by
the addition of low-cost solar mirrors, provides the
opportunity to improve light harvesting of PV modules
while reducing the cost of power. In order to harvest more
incident solar irradiance, an optimized design Fig. 5: Mirror augmented PV(MAPV) and dual-axis
configuration between a flat-panel module and mirror is tracking system.
necessary for a fixed (non-tracked) mirror-augmented
photovoltaic (MAPV) system [9].

Concentrating systems are used to improve the
thermodynamic potential and efficiency of conversion of
radiant solar energy.

Optical systems have the maximum possible power
characteristics, in terms of power and concentration of the
radiation flux. Fig. 3 shows a flat of surface with the width Fig. 6: Wiring diagram of the controller
of the absorption S panel and located between the flat
mirror surfaces Q and M with an angle [Theta]. Define angles of triangle DAG : DGA=( /2+90°);

Reflected rays from the concentrator M are parallel GDA=3 /2 – as the angle of reflection from the mirror Q;
(VD ||BG). Hub design is such that the beam from the DAG=(90°-2 ) – as the internal angle.
mirrors with a single and double reflection falls entirely on
the surface S. According the law of sines define the segment DG:

The initial equations to determine the basic geometric
dimensions for concentrators of such construction are as (8)
follows:

From triangle GKA : (6)

From triangle ABG with angle GBA= /2 reflected
ray angle;

GAB=( /2+90°) ;  AGB=(90°- ) – as the internal
angle.

Define by the law of sines L :1

 (7)

Consider the similar triangles of KGB and KDV.

Parts KG/KD as KB/KV. KG=KA=L , L =AB, then0 1

L =KV-KA-KB, KD=KG+DG:2

(9)

(10)
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(11) In the study, the following assumptions are made: the

(12)

L  = Total width of projection and solar mirrors,II

H  = Height of solar mirrors,II

W  = Opening  width  of  solar  mirrors  at  an angleII

[Theta].

RESULTS AND DISCUSSION

In this paper, in designing and calculation of model
of solar reflecting mirrors (hub) to the PV modules to the
original data in size 185mm-280mm, based on calculation
formulae,  have been calculated: L = 15.2sm, H  = 8.7sm,II

W  = 31.4sm.II

entire solar energy falling on the surface of the hub is
totally reflected from its mirror surfaces; solar energy
falling on the absorbing surface evenly and completely
absorbed by adapting surfaces. At the process of
research, MAPV (mirror augmented photovoltaic) was
positioned relative to the ground at an angle of 43.5°,
towards the south. In the period of time 8.30-9.15 and
15.30-16.30 the bottom reflecting mirror obscures 5-9% of
photomodule surface. There are assumptions that this
reduced efficiency to 10-12%. And in the period of time
11.15-13.45, established hubs increased the intensity of
solar radiation in 2 times, it can be seen on the graph in
Fig. 7. In Fig. 7 in the period of time 11.15-13.45
corresponds to the points A and B. In the chart a sharp
increase of power are shown. The dotted line indicates the
possible cardinality graph of dual-axis tracking system
with MAPV.

Table 1: Mono crystalline PV modules (24.01.2014)
Dual-axis MirrorAugmented Difference between MA.

and Dual-Axis
------------------------------------------------- -------------------------------- -----------------------------

Time, hh.mm U, V I, mA P, W U, V I, mA P, W , %
8.30 10.20 3.92 0.04 9.30 1.07 0.01 75
8.45 10.50 25.71 0.27 9.51 13.10 0.124 54
9.00 10.50 71.42 0.75 10.05 25.90 0.264 65.2
9.15 12.40 138.71 1.72 10.94 48.50 0.53 69.18
9.30 14.98 185.58 2.78 12.50 61.60 0.77 72
9.45 16.75 229.85 3.81 13.95 80.30 1.12 70.6
10.00 17.20 270.35 4.65 15.10 91.40 1.38 70
10.15 17.65 306.52 5.41 15.92 118.80 1.89 65
10.30 18.01 322 5.80 16.75 159.50 2.67 54
10.45 18.19 330 6.01 17.10 210.50 3.6 40
11.00 18.43 335.80 6.19 17.30 271.70 4.7 24
11.15 18.5 337.80 6.25 18.20 312.10 5.68 9.12
11.30 18.61 339 6.31 18.90 348.70 6.59 -4.5
11.45 18.74 340.90 6.39 21.29 332.60 7.08 -10.8
12.00 18.91 340 6.43 21.25 339.50 7.214 -12.2
12.15 18.89 339.80 6.42 21.03 342 7.195 -12.1
12.30 18.89 339.80 6.42 21.00 338 7.11 -10.75
12.45 18.70 341 6.38 21.00 325 6.83 -7.1
13.00 18.41 343 6.321 20.40 303.50 6.19 2
13.15 18.27 343 6.27 19.80 281.80 5.58 11
13.30 18.00 344 6.205 19.00 243 4.62 25.5
13.45 17.90 332 5.91 18.05 183.40 3.31 43.9
14.00 17.71 319 5.65 17.40 151.70 2.64 53.2
14.15 17.30 298.30 5.16 16.50 125.50 2.07 59
14.30 17.03 250.80 4.272 16.31 88.90 1.45 66
14.45 16.50 189.10 3.12 15.20 76.32 1.16 62.8
15.00 14.50 148.90 2.16 14.10 58.60 0.82 62
15.15 14.20 107.75 1.53 12.35 49.40 0.61 59
15.30 13.27 82.20 1.09 11.20 41.90 0.47 56.8
15.45 11.10 62.20 0.69 9.91 33.30 0.33 52.2
16.00 11.00 40 0.44 8.80 13.60 0.12 72
16.15 10.05 21 0.21 6 3.33 0.02 90
16.30 3 0 ˜0 1 0 0 0

Total 21, 9%
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Fig. 7: Graph of the PV cell power for fixed and tracking Middle      East  Journal  of  Science  Research, 17(12):
systems. P - MAPV, P -. dual-axis 1747-1751.1 2

CONCLUSION the environment. CRC Press, pp: 154-155.

The high cost of photovoltaic (PV) modules makes batteries. Moscow: GosEnergoIzdat, pp: 23-33.
the use of concentrators desirable. Optical concentration 7. Simon, J. and J.-J. Andre, 1988. Molecular
offers an attractive approach to reducing PV system’s Semiconductors: Photoelectrical properties and solar
high cost by substituting of much of the semiconductor cells. Moscow, pp: 60-93, 151-183.
solar cell area by concentrator area [10]. 8. Wurfel, P., 2005. Physics of solar cells. WILEY-VCH

This article was proposed by the reflective mirrors of Verlag GmbH&Co. KGaA, pp: 172.
solar radiation. 76°46  Researching works were carried out 9. Lin, W.C.H., D. Hollingshead, K.A. Shell, J. Karas,I

over the coordinates of E and N43°13 , in 24.01.2014. In the S.A. Brown, M. Schuetz, Yang Hu and H. French,I

[4]-researching paper were comparing photovoltaic with 2012. Mirror-Augmented Photovoltaic Designs and
sun tracking system with stationary photovoltaic, where Performance. Cleveland: Case Western Reserve
the difference in power was 31.3%. And in this research University, pp: 1-3.
were compared MAPV and photomodule with dual-axis 10. Dallakyan, V. and R. Vardanyan, 2007. Mirror
solar tracking system, where the difference in power was reflecting cost effective PV solar energy
21.9%. If to compare the simple stationary photovoltaic concentrating system. 4th International Conference
and MAPV, then the power difference between them will on Solar Concentrators for the Generation of
be 9.4%. That is, MAPV will produce 9.4% more energy Electricity or Hydrogen, Spain, pp: 141.
than simple stationary photovoltaic.

During the study were identified by the fact that if
install MAPV to dual-axis solar tracking system, it will be
possible to increase the efficiency of photomodule
approximately to 40-45%. This is a very good indicator for
silicon solar cells.
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