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The cooling of the surface of the solar photovoltaic (PV) system is a major operative factor in achieving greater ef-
ficiency. Correct cooling can improve electrical efficiency and reduce cell degradation rates over time. This results 
in increasing the life of the solar PV modules. In industrial and domestic utilization, the cooling system is used for 
the removal of excess heat. This paper presents a new method for cooling systems for solar PV which results in the 
improvement in the collection of the solar insolation. The additional feature of the method has been the tracking of 
sunlight for efficient power generation. Further, the extra heat can be utilized for other purposes including heating 
and power generation through thermal means. The concept of the proposed system has been explained in detail with 
the pictorial representation. Also, for the validation of the improved performance of the proposed system, a detailed 
comparison with the conventional methods have been provided for five different cities of Saudi Arabia and an im-
provement of twice collection of insolation has been estimated compare to the conventional systems. The proposed 
system shows improved performance for all operating conditions.
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INTRODUCTION

One of the popular and widely used renewable energy 
technologies is the use of PV structures that transform 
sunbeams into a usable form of electricity [1, 2]. This type 
of pollutant-free renewable energy technology reduces the 
operational cost, offers low maintenance, have good im-
pact on global warming related problems, and high power 
density over other non-conventional or renewable energy 
sources, highlighting the benefits of solar PV systems [3, 
4]. Apart from the several advantages of PV technology, 
this energy conversion system has certain general prob-
lems, including hail, dust deposition and surface operating 
temperature, which can adversely affect the conversion 
system's efficiency [5]. The most common natural factors 
influencing a PV module's surface temperature [6] include 
exogenic climate parameters such as wind speed, ambi-
ent temperature, relative humidity, accumulated dust and 
solar radiation. Every 1°C surface temperature increase 
in the PV module causes an efficiency decrease of 0.4 - 
0.5% [7–9]. Thus, not all the solar energy absorbed by the 
photovoltaic cells is converted into electrical energy due 
to the increase in temperature. In order to comply with 
the energy conservation law, the remaining solar energy 
is converted into heat. The effects of this wasteful heat 
reduce the overall conversion efficiency. In order to make 
renewable energy technology a viable solution, efficiency 
improvements in solar energy conversion systems must 
be made. In order to be a viable solution, different ways to 
resolve this temperature problem have to be found, lead-
ing to an increase in total conversion efficiency. 
In [10], the authors presented an overview of different 
methods for photovoltaic cell cooling. However, when 
looking closely, it can be seen that the paper focused only 
on examining the passive, forced air and forced liquid 
convection cooling methods used by various solar con-

centration systems. In [11], two colling methods based on 
close loop water cooling and active air cllong has been 
discussed in detail and experimentaly validated. Further 
in [12], the various methods for the positioning of the solar 
PV cells has been discussed. 
Very few authors have attempted to develop and under-
take a comprehensive review of various technologies 
used to cool the operating surface of solar panels in order 
to increase the overall efficiency of solar conversion. The 
authors of this paper [13] talked briefly about various cool-
ing technologies for solar panels. Only a few technologies 
were implemented while the main focus of the paper was 
on the testing and performance of a developed GCC panel 
cooling system. The authors presented an overview of dif-
ferent methods that can be used to cool photovoltaic cells 
in reference [13]. However, it can be seen, when closely 
examined, that the paper focuses only on the examination 
of passive, forced air and liquid forced convection cooling 
techniques applied to various solar concentrate systems. 
Although solar energy plants have been around for many 
years, their generation of electricity is costly compared to 
alternative generation methods such as coal or natural 
gas. This problem has been compounded by the costly 
shortage of solar-grade silicon. One solution to offset high 
production costs is to improve photovoltaic efficiency by 
reducing the amount of material used and keeping the 
sunlight on the photovoltaic panels during the day. Cur-
rent methods include concentrating sunlight in a smaller 
area of the solar cell and rotating the solar panel. With 
regard to the former solution, reducing the material used 
for building the solar cell saves money, but concentrators 
can use complex optical systems that require costly lens-
es and curved mirrors. The complete panel assembly can 
also lead to higher operating costs because of the need 
to move a heavy structure (both the complete solar cell 
assembly and the smaller solar cell, with a large concen-
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trator assembly). A solution is required which can monitor 
the movement of the sun to direct sunlight to the panel 
and can therefore improve efficiency while retaining low 
operating costs. In addition, a solution that protects and 
cleanses the solar cell surface can mitigate performance 
degradation from deposited surface waste. In this paper, 
a new concept of cooling of solar PV is discussed and 
explained in the following section.

PROPOSED SYSTEM

Fig. 1 shows the proposed solution for the cooling system 
with the tracking of sunlight . The PV system contains a 
PV cell that has at least one mirror attached to the PV 
cell. As shown in Fig. 1, two mirrors are included in the PV 
system. Each mirror is attached with a DC motor which 
is used for rotating the mirrors. The PV cell is attached to 
a heat exchanger, and fluid is circulated via a fluid pump 
and into a heat exchanger to cool down the fluid. Different 
components of the proposed system are described below:
The PV cell contains a sun tracking device that is config-
ured to determine the angle and intensity of the incidence 
of the sunlight. The PV cell has a bottom surface config-
ured to dispel heat produced by sunlight and photovoltaic 
cell operation. The mirrors may be a panel of reflective 
material that reflects solar radiation on the photovoltaic 
cell. The reflective material can reflect wavelengths of ul-
traviolet, visible light and infrared radiation in the electro-
magnetic spectrum. The reflection of wavelengths of 100 
nm to 3000 nm can, for example, be specular, preferably 
150 nm to 2500 nm, or 250 nm to 2 000 nm. The mirrors 
are arranged above the top surface of the PV cell and 

are so large that the mirrors cover all or almost all of the 
surface of the PV cell when the mirrors rotate and lay flat. 
As shown in Fig. 1, each of the two mirrors is around one-
half of the PV cell, and the mirrors are disposed along 
the long edges of the PV cell. In an alternative way, the 
mirrors can be arranged along the short edges of the PV 
cell, with less elongated, square shapes and each cover-
ing approximately one half the PV cell. In another version, 
the mirrors can be configured for further reflective pan-
els to extend the reflective area. Fig. 2 (a) – (c) shows a 
spreadable mirror in one or more aspects of the subject 
matter disclosed. Via the hydraulic actuator and the DC 
motor, the mirrors are connected to the PV cell. The hy-
draulic actuator is fixed at a predetermined position on the 
side, for example, of the PV cell panel, at the first end. The 
DC motor is attached on the second end of the hydraulic 
actuator. The mirrors are attached to the center of the DC 
motor on the edge of the mirrors so that the DC motor can 
rotate the mirrors clockwise or counterclockwise, or mix 
the two directions in which the rotating switch after a pre-
determined period of time. The program for the rotational 
speed at different rotation per minute (RPM), i.e. less than 
1 RPM, 100 RPM or 5000 RPM.  The hydraulic actuator 
can be set up to be extended or retracted by a quantity of 
fluid received or pumped out by the pump. This extension 
or retraction can increase or decrease the distance from 
the top of the PV cell from the mirrors. The mirror can be 
connected via the hydraulic actuator and DC motor to the 
PV cell on each end. In an alternative way, the mirrors can 
be connected to the PV cell by a hydraulic actuator and 
a DC motor and connected to the opposite end through a 
hydraulic actuator without a DC motor.

Miror

Connect to Heat 
Exchanger

Actuator pump

Heat Exchanger

Radiator
PV Cell

Connect to Heat 
Exchanger

Fluid Pump

DC motor

Actuator pump

Figure 1: Proposed system[14]
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Mirror

Hydraulic Actuator

PV cell

A heat exchanger is also connected to the actuator pump. 
Through the actuator pump, fluid from the heat exchang-
er can be pumped into the hydraulic actuator to extend 
the hydraulic actuator and to increase the mirror height. 
Fluid from the heat exchanger can also be removed from 
the hydraulic actuator by means of the actuator pump to 
reduce the mirror height. The incorporation of the actua-
tor pump into the heat exchanger increases the cooling 
capacity thanks to the increased amount of fluid in the 
alternator. The sun moves through the sunrise from the 
horizon to the summit and back to the horizon at sunset. 
The sunlight includes two main components, the direct 
beam that carries most of the solar energy and the sun, 
which carries the rest. The direct beam sunlight contrib-
utes energy with the cosine of the angle between the 
incoming light and the PV cell. If the PV cell is oriented 
on a surface, for example a roof where the photovoltaic 
cell plane is parallel or nearly parallel with the ground, 
the PV cell will not receive so much direct beam sunlight 

Side Mirror
Expandable mirror

(a)

(b)

(c)
Figure 2: Mirrors arrangements

at sunrise and sunset as if the sun is positioned over-
head. As shown in Fig. 3 (b), The sun-tracking device 
can be configured to determine the sun 's position and 
instructed the DC motor to rotate the mirrors to reflect 
the direct beam sunlight in the PV cell based upon one 
or more aspects of the disclosed object. The mirrors can, 
for instance, be rotated to reflect sunlight on the pv cell 
in which the reflected rays are perpendicular to the top 
surface of the pv cell. During the sun's movement from 
the horizon to the summit, a shadow behind the mirrors 
can shape and result in a net decrease in the PM cell's 
energy production compared to the sunlight on the pho-
tovoltaic cell. Fig. 4 (a) illustrates an example to reduce 
the shadow of the mirrors in one or more of the aspects 
of the subject matter disclosed. At a default sun position, 
the mirrors may rotate to the direction where the shade 
of the mirrors' thickness is minimized; for example, the 
mirrors may rotate so that the mirrors' plane is parallel to 
the direction of direct sunlight from the beam. As shown 

DC motor
Mirror

Hydraulic motor

PV cell
(a) (b)

Figure 3: Arrangement of hydraulic system
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in the Fig. 4 (b) In accordance with one or more aspects 
of the subject disclosed, at sunset or determination in the 
PV cell that the weather is not optimal for power gener-
ation, if energy generation does not exceed a pre-deter-
mined threshold for example, the mirrors could be rotat-
ed parallel to the top surface area of the PV cell and laid 
flat to protect the surface from debris. The mirrors can be 
arranged over the top surface and moved closer to the 
top surface until the mirrors are in contact with the top 
surface of the PV cell.
The PV cell can also be configured to detect the pres-
ence on the PV cell surface of accumulated debris such 
as water , sand, ice and other external materials. For 
example, the PV cell can determine its power generation 
based on sunlight received, e.g. via one or more sen-
sors and can trigger a cleaning process with the prede-
termined threshold of a declining power generation. Fig. 
4 (c) illustrates an example of the cleaning procedure 
orientation in accordance with one or more aspects of 
the subject matter disclosed. This cleaning process may 
involve repositioning the mirrors at a predetermined dis-
tance from the top of the PV cell and turning the mirrors 
at high speeds, e.g. 100 RPM or 5,000 RPM, to produce 
turbulent airflow. The resulting turbulent air can clear the 
PV cell surface and restore operational efficiency, such 
as water, sand, ice and other foreign materials. Thus, 
optimum design of the mirror can be determined where-
in the structural integrity of the mirrors is preserved for 
cleaning events where the mirror has high deformity forc-
es, such as a centripetal force and the shadow caused 
by the splitting thickness of the mirrors can be reduced 
as thin as possible.
Fig. 4 (d) illustrates another example of a cleaning proce-
dure guidance in one or more aspects of the subject-mat-
ter disclosed. The mirrors can clean the surface of the pv 
cell in an alternating movement from and to the surface 
of the pv cell. The mirror plane can be rotated almost in 
parallel to the plane of the PV cell, while the hydraulic 
actuator can be configured to increase or decrease the 
mirror distance from the top surface of the PV cell. For 
instance, the PV cell is nearly parallel to the ground, and 
the mirrors can start at a height just above the surface of 
waste, for example, ten centimeters above the surface, 
and the hydraulic actuator can raise the mirror height. 
The hydraulic actuator can decline the mirror height after 
reaching a predetermined height. The height increase 
and decrease motion can cause a pressure difference 
between the two sides of the mirror. 

PERFORMANCE ANALYSIS

Proposed system

As discussed in the previous section, Fig. 5 shows the 
schematic diagram of the proposed technique for solar 
PV harvesting. The two mirrors A and B tracks the solar 
irradiation and reflects it perpendicular to the solar PV 
to get maximum energy. Due to the presence of the mir-
ror, a shadow is created which is also shown in Fig. 5.  

Mirror

DC motor

Hydraulic Actuator
PV cell

DC motor
Mirror

Hydraulic actuator PV cell

DC motorMirror

Hydraulic actuator

PV cell

DC motor
Mirror

Hydraulic actuator PV cell

(a)

(b)

(c)

(d)
Figure 4: Different position of mirrors

Mirror A

Shadow of 
Mirror A

Mirror B

PV

Mirror B

Mirror A

Shadow of 
Mirror A

PV
Figure 5: Schematic diagram of the proposed technique
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For the different formulation of the proposed technique, 
Fig. 6 provides detailed information, where 
m = mirror length (m)
C = length of the solar collector (m)
θ = irradiance angle on mirror (radian)
β = irradiance angle of solar (radian)
Based on Fig. 5, different lengths can be calculated as 
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Figure 6: Analysis of the proposed 
 technique with one mirror

Fixed system

The main performance parameter for a collector is the 
collection of irradiance [15, 16]. For a collector, the irra-
diance IC is calculated as [17]

Where IBC, IDC, and IRC denote the irradiance due to beam 
radiation, diffuse radiation, and reflected radiation re-
spectively. These three irradiances due to different radi-
ations are calculated as

Where β, ϕS, ϕC, and Σ represents altitude angle, solar 
azimuth, collector azimuth, and collector tilt, respectively. 
The value of IB can be calculated as

km
BI Ae−=

C BC DC RCI I I I= + +

Where A is the apparent extracterrestrial flux which is 
defind as

360A 1160 75 sin (n 275 )
365
 = + −  

while k is the optical depth with expression given in Eq 
(13).

360S 0.174 0.035 sin (n 100 )
365
 = + −  

Where n is the number of the day in the year
The diffused radiation can be calculated as

DC B
1 cosI I S

2
+ ∑ =  

 
Where S is the sky diffuse factor which is calculated as

360S 0.95 0.04sin (n 100 )
365
 = + −  

The reflected radiation for the fixed system is given as

( )RC,F B
1 cosI I ρ S sin β

2
− ∑ = +  

 

PNS system

For the Polar axis North-South (PNS) system, the differ-
ent radiations are calculated with declination angle δ as

BC BI I cosδ= ×

( )
RC B

1 sin β δ
I I S

2
 − − 

=  
 

( ) ( )
RC,NPS B

1 sin β δ
I I δ S sin β

2
 − − 

= +  
 

From (7), (15) and (18), the insolation for new technolo-
gy, IRC,P is given by (19).

RC,P RC,F RC,1-axis trackerI I LR I= × +
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RESULTS AND DISUCSSION 

In order to show the improved performance of the pro-
posed system, five different cities of Saudi Arabia have 
been considered [18–21]. These cities are Jeddah, Ri-
yad, Dammam, Abha, and Tabouk. For Jeddah, the used 
paramentrs are: Latitude = 21.486º, Collector Azimuth  
= 0º, and Collector Tilt = 21.486º. For a fixed system, Fig. 
7 (a) shows the variation of the insolation with respect to 
the time for the four different months for Jeddah. For the 
1st day of January at 7:00 hrs, the insolation has a smaller 
value, however, the value of insolation is about 400W/m2 

for the 1st day of July at the same time. During the time 
period from 10:00 – 14:00, the level of insolation is about 
800W/m2. After 14:00 hrs, the insolation drops and at 17 
hrs, it reaches to a very low value. The peak insolation 
level with fixed system is achieved during the month of 
April and the isolation level is about 1000W/m2 at 12 hrs. 
Compare to the fixed system, the performance of the 
PNS system with a 1-axis tracker is much better. Fig. 7 
(b) shows the variation of the insolation with respect to 
the time for four different months with the PNS system. 
With the PNS system, the variation of insolation is low 

and from 9:00 – 15:00 hrs, the insolation level is about 
800W/m2. The peak insolation level with the PNS system 
is achieved during the month of April and October and 
the isolation is about 1000W/m2 at 12 hrs.
Fig. 7 (c) shows the changes in the insolation level with 
respect to the time for four different months with the pro-
posed new technology. The insolation level of 1000W/m2 

is achieved for the month of April, July, and October from 
8:00 hrs to 16:00 hrs. Further, the peak isolation level 
is about 2000W/m2 which is almost double compare to 
the other two cases. Also, the proposed new technology 
gives a higher value of insolation for the all-time dura-
tion for all four months compared to the fixed and PNS 
system. The comparison of different techniques for the 
month of September has been depicted in Fig. 7 (d). 
The proposed technology has a higher level of insolation 
compare to the other two methods of solar PV harvesting.
 Similarly, Fig. 8-11 shows the performance of the three 
different technologies for solar harvesting for different cit-
ies of Saudi Arabia, and the proposed new technology 
gives improved performance in all cities for all months.  
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Figure 11: Insolation of (a) fixed system (b) NPS system, (c) new technology and  
(d) comparison of three different methods for September month

CONCLUSION

This paper proposed new technology for the solar pho-
tovoltaic harvesting method. In the proposed methods, 
the motor-operated adjustable mirrors are used for the 
improvement of the performance of the system. The per-
formance of the proposed system has been validated 
through the theoretical analysis and the various com-
parison of the proposed system have been included in 
this paper which shows a better performance compare 
to the conventional systems. The major advantage of the 
proposed system has been observed in the collection of 
solar insolation which is two-fold compare to the conven-
tional technique. However, during the of 11:00 to 13:00 
PM, the reduction in the collected isolation is observed, 
however this lower value of isolation is still higher than 
the conversion fixed method. Also, the time duration for a 
higher amount of collected insolation has been improved. 
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